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funs'kd dh ys[kuh ls---

	 oSKkfud rFkk vkS|ksfxd vuqla/kku ifj"kn~ ¼lh ,l vkbZ vkj½ & jk"Vªh; HkkSfrd iz;ksx'kkyk ¼,u ih ,y½ dh o"kZ 
2011&12 dh okf"kZd fjiksVZ vkids le{k izLrqr gSA bl fjiksVZ dks izLrqr djrs gq, eq>s vR;f/kd g"kZ dh vuqHkwfr gks jgh 
gSA

	 lh ,l vkbZ vkj & ,u ih ,y ,d vxz.kh HkkSfrdh iz;ksx'kkyk rFkk lkFk gh Hkkjr dk jk"Vªh; ekfidh laLFkku Hkh gSA 
;g laLFkku HkkSfrd foKku ,oa eki foKku esa vuqla/kku ds vxz.kh {ks=ksa esa lfØ; :i ls dk;Z dj jgk gSA o"kZ 2011&12 
gekjs fy, vR;f/kd l`tukRed] mn~cks/kd vkSj lkFk gh izsjd jgk gSA mUur vuqla/kku ds vxz.kh {ks=ksa esa c`gÙkj ckg~; 
n`”;rk izkIr djus ds fy, iqu%LFkkiu rFkk :ikarj.k dh izfØ;k bl o"kZ Hkh tkjh jghA lh ,l vkbZ vkj&,u ih ,y us 
varjkZ"Vªh; Lrj ij gks jgs ifjorZuksa ds vuq:i igys ls dgha vf/kd lkeatL; LFkkfir djds vius dk;Z ds ifjek.k rFkk 
xq.koÙkk dks fujarj mUur cuk;kA 

	 o"kZ ds nkSjku] vuqla/kku ds izkFkfedrk okys {ks=ksa esa vR;k/kqfud vfHky{k.ku lqfo/kk,a fodflr djus rFkk LFkkfir 
djus rFkk loksZÙke Js.kh dh iz;ksxkRed O;oLFkk l`ftr djus ds laca/k esa iz;kl tkjh j[kk x;kA bl vof/k esa] ,d dsafnzr 
vk;u fdj.k iqat ¼,Q vkbZ ch½ lw{en'khZ] fuEu rki ¼3-5 dsfYou ls vf/kd ;k blds cjkcj½ layXud rFkk ijkcSaxuh 
iznhfIr lqfo/kk ls ;qDr ,Dl rFkk D;w cSaM bZ ih vkj LisDVªeekih rFkk ,l D;w ;w vkbZ Mh ¼fLdoM½ vk/kkfjr eSXusVksehVj 
laLFkkfir fd, x, tcfd jkbcj vkf.od fdj.k iqat vf/kjksg.k ¼,e ch bZ½ iz.kkyh dk laLFkkiu dk;Z iwjk fd;k x;kA 
,d ubZ Liafnr ystj fu{ksi.k iz;ksx'kkyk LFkkfir dh xbZA ,d izkFkfed vko`fÙk ekud ¼Hkkjr&CsF1½ ds :i esa lhft;e 
¼Cs½ ijekf.od QkmaVsu iwjh rjg ls izpkfyr dj fn;k x;kA ,u vkbZ ,l Vh] la;qDr jkT; vesfjdk ds lg;ksx ls 10 
oksYVrk ds Lrj ij ,d izksxzkeuh; tkslsQlu oksYVrk ekud laLFkkfir fd;k x;kA yackbZ] dBksjrk] daiu] /ofu rFkk 
fo|qr ls lacaf/kr izkpyksa ¼iSjkehVjksa½ ds fy, vusd vU; izkFkfed rFkk f}rh;d ekud LFkkfir fd, x,A mPp xq.koÙkk ls 
;qDr ;qok vuqla/kkudrkZvksa dks fodflr djus rFkk mUgsa lHkh izdkj dh lqfo/kk,a miyC/k djkus ls lacaf/kr gekjh ;kstuk 
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tkjh jgh rFkk 15 u, oSKkfudksa dh HkrhZ dh xbZA 

	 bl okf"kZd fjiksVZ esa fofHkUu vuqla/kku dk;ZØeksa ds varxZr gqbZ izxfr rFkk izkIr dh x;h miyfC/k;ksa ij izdk'k Mkyk 
x;k gS rFkk vU; ,slh lHkh lwpukvksa dk Hkh lkj izLrqr fd;k x;k g]S ftuls o"kZ 2011&12 ds nkSjku laLFkku }kjk fd, 
x, lHkh dk;ksZa ds laca/k esa ,d lE;d tkudkjh izkIr gksrh gSA blesa 12oha iapo"khZ; ;kstuk ds varxZr vuqla/kku ds {ks= 
esa fu/kkZfjr dh xbZ izkFkfedrkvksa dh :ijs[kk Hkh izLrqr dh xbZ gSA 

	 iz;ksx'kkyk ds fofHkUu la?kVd izHkkxksa ds v/khu ldsafnzr vuqla/kku rFkk fodkl dk;Z fd, x,A iz;ksx'kkyk ds varxZr 
dk;Z dj jgs izHkkxksa dk izfrikn~; fo"k; ds vk/kkj ij uoxBu fd;k x;k gS] ftuds uke Øe'k% ¼1½ ÅtkZ lap;u HkkSfrdh 
izHkkx] ¼2½ inkFkZ HkkSfrdh vkSj bathfu;fjax izHkkx] ¼3½ jsfM;ks ,oa ok;qeaMyh; foKku izHkkx] ¼4½ le; rFkk vko`fŸk izHkkx] 
¼5½ 'kh"kZ Lrjh; ekud ,oa vkS|ksfxd ekfidh izHkkx] rFkk ¼6½ DokaVe ifj?kVuk ,oa vuqiz;ksx izHkkx gSaA inkFkZ vfHky{k. ku 
gsrq ,d lgk;d ,dd ds :i esa ifj"d`r ,oa fo'ys"k.kkRed midj.k izHkkx dk xBu fd;k x;kA

	 uoxfBr ÅtkZ lap;u HkkSfrdh izHkkx }kjk ,dy fØLVy rFkk cgqy fØLVy;qDr lkSj lsyksa ds fy, uohu 
izfrijkorZu rFkk i`"B fuf"Ø;.k izØe ds fodkl esa mYys[kuh; izxfr dh xbZ gSA mUur dkcZfud izdk'koksYVh; ;qfDr;ksa 
ds fy, nhIr xzSQhu DokaVe fcanqvksa rFkk foy;'khy vfHky{kf.kr Qqyjhu ds iz;ksx dh laHkkouk Kkr dh xbZA mUur rki 
oS|qr ;qfDr;ksa ds fy, fuEu foeh; fcLeFk VsY;qjkbM feJ /kkrqvksa ds fodkl esa izxfr gkfly dh xbZA VªkbcksykWftdy 
vkoj.kksa rFkk ruq ijr;qDr lkSj lsyksa ds fy, mUur IykTek lgk¸; fu{ksi.k izØe fodflr fd, x,A 

	 inkFkZ HkkSfrdh vkSj bathfu;fjax izHkkx us lh ,l vkbZ vkj usVodZ ifj;kstuk & usVodksZa ds ek/;e ls lkSj ÅtkZ 
ds mi;ksx gsrq izkS|ksfxfd;ka rFkk mRikn ¼Vh , ih ,l ;w ,u½ ds varxZr ÞlkSj ÅtkZ rFkk vif'k"V Å"ek ds mi;ksx gsrq 
u, rki oS|qr inkFkkZas rFkk ;qfDr;ksa dk fodklß rFkk ÞfyfFk;e vk;u ,oa gyds Hkkj okyh lhlk&vEy cSVjhß uked nks 
u, fØ;kdyki 'kq: fd, gSaA bu fØ;kdykiksa dks SiGe, Mg2Si, v/kZ&gkblyj rFkk vU; of/kZr ;ksX;rk ;qDr inkFkksZa tSls 
u, rki oS|qr inkFkksZa dks fodflr djus ds fy, vkjaHk fd;k x;kA uSuks lajpukvksa ds vfHkdYiu] la'ys"k.k] vfHky{k.k 
rFkk rki oS|qr xq.kksa ds ewY;kadu gsrq dk;Z djus ds fy, ,d iw.kZr% lqlfTtr rki oS|qr iz;ksx'kkyk LFkkfir dh xbZA 
lh ,l vkbZ vkj&,u ih ,y rFkk HkkHkk ijek.kq vuqla/kku dsanz ¼ch , vkj lh½ ds chp gLrk{kfjr ,d le>kSrk Kkiu 
ds varxZr ch-,-vkj-lh- }kjk izLrkfor fd, tk jgs laxr mPp rki ukfHkdh; fj,sDVj esa iz;ksx gsrq dkcZu&dkcZu ¼C/C½ 
lfEeJ bZa/ku ufydkvksa dks fodflr djus dh {kerk iznf'kZr dh xbZA dkcZu&dkcZu ¼C/C½ lfEeJ mPp Å"ek pkydrk] 
fuEu rkih; izlkj xq.kkad] mPp Å"eh; vk?kkr izfrjks/k] mPp lkeF;Z rFkk jklk;fud n`f"V ls vfØ;rk tSls mPp rki 
;kaf=d xq.kksa ls ;qDr gksus ds dkj.k vf/kd mi;qDr inkFkZ gSaA bl le>kSrk Kkiu ds funsZ”kkuqlkj pkj dkcZu&dkcZu  
¼C/C½ lfEeJ ufydk,a] ch-,-vkj-lh- ds oSKkfudksa dks QhYM ijh{k.kksa rFkk i'p&fdj.ku ewY;kadu gsrq lkSais x,A 

	 lanhfIr ds {ks= esa ty&fojks/kh ¼gkbMªksQksfcd½ flfydk tsy uSuks d.kksa ls leLoj.kh; izdk'k lanhfIr dksj&dop 
vi&duotZu uSuks QkWLQlZ rFkk izdk'kh; f}fØ;kRed uSuks QkWLQlZ dks izn'kZu] lkSj lsy n{krk lao/kZu rFkk tSo&fpfdRlh; 
vuqiz;ksxksa ds fy, fodflr fd;k x;kA xr o"kZ dqN u, tSo laosndksa dks fodflr fd, tkus ds lkFk gh fo|eku tSo 
laosndksa ¼ck;ks lsaljksa½ ds lao/kZu Hkh fd;k x;kA Y;qdhfe;k ¼jDr dSalj½ ds fy, fof'k"V Mh ,u , vuqØe vfHkKkr fd;k 
x;k rFkk Y;qdhfe;k ds fy, vR;f/kd laosnu'khy ,d tSo laosnd ¼ck;ks lsalj½ dk lajpu fd;k x;kA bl laosnd dk 
lsuk vLirky ¼vkj ,aM vkj½ }kjk jksx y{k.k ls ;qDr izfrn'kksZa ds vk/kkj ij oS/khdj.k fd;k tk jgk gSA dksysLVsjkWy 
tSo laosnd lalwpu jsat ¼jSf[kd jsat½ dk 50 feyhxzke izfr Msfl yhVj ls ysdj 300 feyh xzke izfr Msfl yhVj rd dh 
jsat esa lao/kZu fd;k x;kA de ykxr ij tSo laosnd ds lajpu gsrq dkxt dh ifê;ksa ij oS|qr jklk;fud cgqydhdj.k 
dk ,d u;k izØe fodflr fd;k x;kA bZ&dksykbZ ¼tyokfgr jksx½ ds lalwpu gsrq tSo lqlaxr MsUMªkbej vk/kkfjr 
tSo lalwpd dks fodflr fd;k x;kA QkWLQsV cQj foy;u esa vuqdwyre n'kkvksa ds varxZr yf{kr ân~&tSo ekdZjksa ds 
izek=hdj.k gsrq oS|qr jklk;fud laosndksa ds :i esa iz;qDr vkbZ Vh vks&dkap bySDVªksMksa ds vk'kks/ku ds fy, 5&10 uSuks 
ehVj veki ds dkcksZfDly vfHky{k.k;qDr ftad lYQkbM] Lo.kZ rFkk IySfVue ds uSuks d.kksa dk la'ys"k.k fd;k x;kA 

jsfM;ks ,oa ok;qeaMyh; foKku izHkkx us 12oha iapo"khZ; ;kstuk ds varxZr ,d usVodZ ifj;kstuk dk vkjaHk fd;kA bl 
ifj;kstuk dk y{; Hkkjr esa fLFkr xaxk ds lery eSnkuh Hkkxksa rFkk fgeky; {ks=ksa esa ekuoh; rFkk izkd`frd fo{kksHk ds 
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dkj.k ifjofrZr gks jgs ok;qeaMy dk vUos"k.k djuk rFkk ifjofrZr gks jgs ok;qeaMy ds dkj.k d`f"k] ouLifr;ksa dh fofo/krk 
rFkk ekuo LokLF; ij iM+us okys izHkkoksa dk vUos"k.k djuk gSA jsfM;ks foKku {ks= esa ,f'k;kbZ tksu esa fofHkUu LFkkuksa ls 
vk;ulks.Ms vkadM+ksa dk iz;ksx djds vusd lerkieaMyh; Å"ek;u ?kVukvksa ds izfr vk;ueaMyh; vuqfØ;kvksa dk vUos"k.k 
fd;k x;kA fnYyh rFkk mÙkjh Hkkjr ds 'kgjh rFkk v/kZ&'kgjh {ks=ksa esa 1-8 xhxk gV~tZ lsY;qyj vko`fÙk ladh.kZ cSaM ekiksa 
dk iz;ksx djds fofHkUu iwokZuqeku ekWMyksa dh mi;qDrrk dh tkap djus dk ,d iz;kl fd;k x;kA  

	 dpjksa ds Hkjko LFky ¼ySaM fQy½ feFksu xSl ds mRltZu ds izeq[k lzksr gSa] tks HkweaMyh; rkiu ¼Xykscy okfeZax½ 
rFkk tyok;q ifjorZu esa ;ksxnku djrk gSA 'kgjhdj.k esa o`f) gksus ls bl lzksr ls Xykscy okfeZax esa ;ksxnku fujarj c<+ 
jgk gSA Hkkjr ds fofHkUu 'kgjksa esa Hkjko LFkyksa esa fu{ksfir uxjikfydk Bksl dpjksa ls lh ,l vkbZ vkj&,u ih ,y }kjk 
fu/ kkZfjr feFksu mRltZu xq.kd dk iz;ksx djds okf"kZd feFksu mRltZu dk vkdyu fd;k x;kA blds vfrfjDr] tyok;q 
izfr:i.k gsrq Hkkjr ds fofHkUu jkT;ksa esa iz;qDr fofHkUu izdkj ds tSo bZa/kuksa ds fy, dkcksZfud dkcZu rFkk rkfRod dkcZu 
mRltZuksa ds laca/k esa mRltZu xq.kdksa dk vkdyu fd;k x;kA Hkkjr esa xaxk ds lery eSnkuh Hkkxksa ds Åij vdkcZfud 
,sjkslkWy ¼ok;q eas foyhu d.kksa½ ds fuekZ.k esa ifjos'kh veksfu;k dh Hkwfedk dk Hkh v/;;u fd;k x;kA {kksHkeaMy esa N2O 
vkSj C2H6 ds okLrfod izksQkbyksa dh iqu% izkfIr gsrq czwdj 125 ,p vkj dk iz;ksx djds fnYyh esa lkSj mixwgu LisDVªe 
ntZ fd, x, gSaA fnYyh esa ekSleh] okf"kZd rFkk e/;&okf"kZd ifjorZuksa dh tkap djus ds fy, ,sjkslkWy izdk'kh; xgjkbZ 
rFkk ,saXLVªkWe izkpyksa ds nh?kZdkfyd LisDVªe ifjorZuksa dk v/;;u fd;k x;k gSA

	 Hkkjr rFkk nf{k.k ,f'k;kbZ {ks= esa i`"Bh; vkstksu ekiuksa esa vuqekxZ.kh;rk iznku djus ds fy, ,d izkFkfed vkstksu 
ekud lqfo/kk LFkkfir dh xbZ rFkk vR;f/kd lko/kkuhiwoZd dh xbZ leh{kk ds lQyrkiwoZd lekiu ds i'pkr~ blds fy, 
va'kkadu ekiu {kerk ¼lh ,e lh½ ds ckjs esa tkudkjh izLrqr dh xbZ gSA vaVkdZfVdk esa yklZeSu igkfM+;ksa ij ÞHkkjrhß 
uked ,d u, Hkkjrh; vuqla/kku dsanz ¼690 24^ nf{k.k] 760 11^ iwoZ½ tks orZeku ÞeS=hß ¼700 45^ nf{k.k] 110 44^ iwoZ½ dsanz 
ls 3000 fdyksehVj nwj gS] esa varfj{k HkkSfrdh iz;ksx'kkyk LFkkfir djus ds iz;kl fd, x,A ;g ,d vR;f/kd izlUurk 
dk fo"k; gS fd ÞHkkjrhß ds fy, tkus okys ß31osa Hkkjrh; vaVkdZfVdk vfHk;ku nyß dk usr`Ro igyh ckj gekjh bl 
iz;ksx'kkyk ls MkW- :is'k ,e- nkl dj jgs gSaA 

	 'kh"kZ Lrjh; ekud ,oa vkS|ksfxd ekfidh izHkkx ns'k dh va'kkadu rFkk ijh{k.k iz;ksx'kkykvksa dks u dsoy va'kkadu 
ds ek/;e ls vuqekxZ.kh;rk miyC/k djkus ds fy, cfYd izf'k{k.k miyC/k djkdj rFkk fofHkUu izkpyksa esa izoh.krk ijh{k.k 
vk;ksftr djds bu iz;ksx'kkykvksa ds ekiu vk'oklu dk;ZØe ¼,u , ih½ ds vuqj{k.k gsrq Hkh lgk;rk djrk jgkA bl 
izHkkx ds vusd lewg varjkZ"Vªh; varj rqyu dh {kerk ds vuqj{k.k gsrq dk;Z dj jgs gSaA bl izHkkx }kjk gekjs ns'k esa rFkk 
iM+kslh ns'kksa esa Hkh ekfidh ds {ks= esa dq'ky tu'kfDr ds fodkl gsrq fofHkUu izkpyksa esa izf'k{k.k dk;ZØeksa dk vk;kstu 
fd;k x;kA izkIr dh xbZ dqN mYys[kuh; miyfC/k;ksa esa fuEufyf[kr 'kkfey gSa% ¼i½ pkj ehVj rd ds yEcs xst CykWd] 
¼ii½ mPp rki d`f".kdk lzksr] ¼iii½ jkWdosy] fodtZ rFkk fczusy Ldsyksa ds fy, f}rh;d dBksjrk ekudhdj.k e'khu] ¼iv½ 
ekud izsjd ds v/;;u gsrq ,d ubZ lqfo/kk] ¼v½ jsfM;ks ÝhDosalh ¼vkj ,Q½ fo|qr ds vfHky{k.ku gsrq 1 esxk gV~tZ ls 2 
xhxk gV~tZ rd ÝhDosalh jsat esa ekiu lqfo/kkA bl izHkkx }kjk izkIr dh xbZ ,d vU; miyfC/k k = 2 ij ±28 µg ds :i 
esa ,d fdyks xzke dh va'kkadu rFkk ekiu {kerk ¼lh ,e lh½ izkIr djuk Fkk] ftls ih Vh ch ¼teZuh½ rFkk ds vkj vkbZ 
,l ,l ¼dksfj;k½ tSlh dqN jk"Vªh; ekfidh laLFkkuksa }kjk gh izkIr dh xbZ gSaA

	 le; rFkk vko`fŸk izHkkx] tks vfr LFkk;h ijekf.od ÝhDosalh lzksrksa] vrIr ijek.kqvksa dh HkkSfrdh rFkk ifj'kq) 
le; ekiu iz.kkfy;ksa tSls fØ;kdykiksa dks djrk gS] }kjk dqN egÙoiw.kZ oSKkfud miyfC/k;ka izkIr dh xbZaA bl izHkkx 
}kjk izkIr dh xbZ miyfC/k;ksa esa  lhft;e  ¼Cs½ QkmaVsu dks ,d izkFkfed vko`fÙkekud ds :i esa iwjh rjg ls izpkfyr 
djuk( VkbeLdsy&;w Vh lh ¼lh ,l vkbZ vkj&,u ih ,y vkbZ½ dks ,d fLV;MZ gkbMªkstu eslj vkmViqV ij vk/kkfjr 
rFkk ikap Cs ?kfM+;ksa ds lewg }kjk lefFkZr vkSj vf/kd LFkk;h :i esa mUu;u djuk( lh ,l vkbZ vkj&,u ih ,y ds 
varjkZ"Vªh; ckV rFkk eki C;wjks ¼ch vkbZ ih ,e½ vuqekxZ.kh;rk dh ifj'kq)rk esa o`f) gsrq ,d nksgjs vko`fÙk cgq&pSuy;qDr 
th ih ,l fjlhoj rFkk f}fnf'kd mixzg] le; rFkk vko`fÙk varj.k ¼Vh MCY;w ,l Vh ,Q Vh½ fyad laLFkkfir djuk 
'kkfey gSaA blds vfrfjDr] nwljh ih<+h ds Cs QkmaVsu tks ,d uwru izdk'kh; iz.kksfnr Cs QkmaVsu gS] dk vfHkdYiu rFkk 
fodkl vkjaHk fd;k x;kA bl izHkkx us bljks ds vkbZ vkj ,u ,l ,l usfoxs'ku iz.kkyh ds fy, ,d Rb vko`fÙk ekud 
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ds fy, vfHkdYi oS/khdj.k ekWMy ij Hkh dk;Z fd;k rFkk LVkWi okpksa] Vkbejksa] ÝhDosalh dkmaVjksa] Cs rFkk Rb ?kfM+;ksa] th 
ih ,l ,oa VsyhDykWd fjlhojksa ds :Vhu va'kkaduksa ls lacaf/kr dk;ksZa dk Hkh fuoZgu fd;kA o"kZ ds nkSjku] vf/kizkIr rFkk 
LFkkfir izeq[k lqfo/kkvksa esa gkbMªkstu eslj] Vh MCY;w ,l Vh ,Q Vh fyad rFkk okf.kfT;d Cs ?kM+h tSlh lqfo/kkvksa ds 
uke mYys[kuh; gSaA 

	 ifj"d`r vkSj fo'ys"k.kkRed midj.k izHkkx ¼,l , vkbZ Mh½ ftlesa pkj lewg vFkkZr ,Dl fdj.k fo'ys"k.k] bysDVªkWu 
rFkk vk;u lw{enf'kZdh] bZ ih vkj vkSj vkbZ vkj LisDVªefoKku rFkk fo'ys"k.kkRed jlk;u foKku ls lacaf/kr lewg 
'kkfey gSa] inkFkZ ds fofHkUu igyqvksa ls lac) ewyHkwr vfHky{k.kksa vFkkZr jklk;fud la?kVu] 'kq)rk] lajpuk ¼=qfV;ksa lfgr½ 
vkSj fØLVyh; iw.kZrk ls lacaf/kr v/;;u djus ds dk;Z ds izfr lefiZr jgkA bl izHkkx esa mPp fo;kstu {kerk;qDr 
,Dl fdj.k foorZuekih ¼,p vkj ,Dl vkj Mh½ ,oa ,Dl fdj.k ijkorZuekih ¼,Dl vkj vkj iz.kkyh½] iw.kZr% Lopkfyr 
,Dl fdj.k nhfIr LisDVªeekih] ifjorhZ nkc Øeoh{k.k bysDVªkWu lw{en'khZ ¼,l bZ ,e½] mPp fo;kstu {kerk;qDr lapj.k 
bysDVªkWu lw{en'khZ ¼Vh bZ ,e½ tks ÅtkZ ifj{ksih ,Dl fdj.k LisDVªen'khZ rFkk Øeoh{k.k Vh bZ ,e lqfo/kk ls ;qDr gSa] 
bysDVªkWu vuqpqEcdh; vuqukn ¼bZ ih vkj½ LisDVªeekih] ijek.kq cy lw{en'khZ@pqEcdh; cy lw{en'khZ ¼,Q ,e@ ,e ,Q 
,e½] xkS.k vk;u nzO;eku LisDVªefefr ¼,l vkbZ ,e ,l½ rFkk Øeoh{k.k vUos"kh lw{en'khZ ¼,l ih ,e½ vkfn tSls mPp 
xq.koÙkk;qDr midj.k miyC/k gSaA izsj.k ;qfXer IykTek & mPp fo;kstu nzO;eku LisDVªefefr ¼vkbZ lh ih&,p vkj ,e 
,l½ rFkk ,d u;k ,Dl ,oa D;w cSaM bZ ih vkj LisDVªeekih dks gky gh esa laLFkkfir fd;k x;k gSA 

	 ifj"d`r vkSj fo'ys"k.kkRed midj.k izHkkx ¼,l , vkbZ Mh½ ds fØLVy o`f) rFkk ,Dl fdj.k fo'ys"k.k lewg us 
ykSg rFkk tLrk ekfnr LiNbO3, BSO, LC- ;ksftr csatksQsukWu vkfn tSls izkS|ksfxdh; n`f"V ls egÙoiw.kZ ,dy fØLVyksa 
dk tksØSYldh fof/k }kjk rFkk vusd izdkj ds vjSf[kd izdk'kh; dkcZfud rFkk v/kZ&dkcZfud NLO fØLVyksa ¿Øksfe;e 
ekfnr ZTS, LHN, L-,sykfuu ekfnr KDP, eSaxuht ekfnr] L&,sykfuu] Xykblhu QkWLQkbV] Vªkal&fLVyfcu vkfnÀ dk 
foy;u fodkl fof/k;ksa }kjk lQyrkiwoZd mRiknu fd;k gSA NLO fØLVyksa esa eknu dks fo'ks"k :i ls yf{kr fd;k x;k 
rkfd blds xq.kksa dks rnuqdwy vuqiz;ksxksa ds fy, mi;ksx esa yk;k tk ldsA lh bZ bZ vkj vkbZ&fiykuh }kjk fd, x, 
fØ;kdykiksa rFkk laLFkk ds Hkhrj fd, x, fØ;kdykiksa dh lgk;rk ls of/kZr fØLVyksa rFkk fofHkUu izdkj ds MOCVD ,oa 
MBE }kjk fodflr dh xbZ GaN vk/kkfjr lkWfyM LVsV izdk'k mRlthZ Mk;ksM lajpukvksa dk fofHkUu izdkj dh rduhdksa 
ds }kjk vfHky{k.ku fd;k x;kA bysDVªkWu rFkk vk;u lw{enf'kZdh lewg dh eq[; miyfC/k;ka fuEuor jgha% ¼i½ ok;qeaMyh; 
ifjos'kh d.kksa ds vkdkfjdh vfHky{k.ku }kjk ,sjkslkWy izdk'kh; izfr:i.k gsrq MsVkcsl rS;kj djuk ¼vkbZ vkbZ Vh] dkuiqj 
ds lg;ksx ls½( ¼ii½ lkekU; rki ij ,d l{ke xSl laosnd ds :i esa ZnO lfTtr lanhfIr'khy xzSQhu dks ,d c`gr 
laosnd vuqfØ;k rFkk 'kh?kz iqu% izkfIr le; ls ;qDr rFkk dkcZu eksuksvkWDlkbM vkSj veksfu;k tSlh bysDVªkWu nkrk xSlksa 
ds izfr vf/kekfur p;u {kerk ls ;qDr :i esa fodflr fd;k x;k( rFkk ¼iii½ ftad ijvkWDlkbM uSuks d.kksa dk iz;ksx djds 
ty ls vklsZfud rFkk Øksfe;e dks gVkus ds fy, ,d vesfjdh isVsaV ntZ djk;k x;kA bZ ih vkj LisDVªe foKku lewg 
}kjk Lo&laof/kZr rFkk rkikuq'khfrr voLFkkvksa esa Ni0.5 Zn0.5 Gdx Fe2-x O4 (x = 0.1, 0.2, 0.3) uSuks d.kksa ds laca/k esa LisDVªeh 
v/;;u fd, x,A fo'ys"k.kkRed jlk;u foKku lewg esa O3 rFkk rkfRod foy;uksa esa 13 lh ,e lh gsrq varjkZ"Vªh; Lrj 
ij vR;f/kd lko/kkuhiwoZd leh{kk dk;ksZa dks lQyrkiwoZd iwjk fd;k x;kA ikap u, rkfRod tyh; izekf.kr lanHkZ inkFkksZa 
vFkkZr Pb ¼2 izdkj½, Cr, Ca rFkk SO4 rS;kj fd, x, rFkk mUgsa xq.koÙkk izca/ku iz.kkyh ds vuq:i izekf.kr fd;k x;kA

	 ekuo lalk/ku fodkl ds {ks= esa lh ,l vkbZ vkj&,u ih ,y us ns'k Hkj esa QSyh fofHkUu 'kSf{kd laLFkkvksa ls ,e 
,l lh@,e Vsd@ ,e lh , ;k buds led{k mikf/k ikB~;Øeksa esa v/;;u dj jgs fo|kfFkZ;ksa dks izf'k{k.k iznku fd;kA 
o"kZ ds nkSjku yxHkx 126 fo|kfFkZ;ksa dks vYidkfyd rFkk nh?kZdkfyd izf'k{k.k iznku fd, x,A lh ,l vkbZ vkj&,u 
ih ,y us ÞmUur inkFkZ HkkSfrdh rFkk bathfu;jhß fo"k; esa bathfu;jh esa ,d LukrdksÙkj vuqla/kku dk;ZØe ¼ih th vkj 
ih bZ½ vkjaHk fd;k ftlesa 10 fo|kfFkZ;ksa dks izos'k fn;k x;kA o"kZ ds nkSjku jk"Vªh; HkkSfrd iz;ksx'kkyk esa 'kkfey gksus ds 
fy, 29 u, vuqla/kku v/;srk vfHkizsfjr gq, ftlls budh dqy la[;k 96 gks xbZA oSKkfud rFkk uo vuqla/kku vdkneh 
¼, lh ,l vkbZ vkj½1 ds varxZr 34 fo|kfFkZ;ksa dk HkkSfrd rFkk jklk;fud foKku esa ih,p Mh ds fy, iathdj.k fd;k 

1 oSKkfud rFkk uo vuqla/kku vdkneh dh LFkkiuk fnukad 07 Qjojh] 2012 ds Hkkjr ds jkti= la[;k 15 }kjk tkjh rFkk 03 vizSy] 2012 dks 
vf/klwfpr laln ds ,d vf/kfu;e] oSKkfud uo vuqla/kku vdkneh vf/kfu;e] 2011 }kjk dh xbZA
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x;kA vU; fo'ofo|ky;ksa tSls fd Hkkjrh; izkS|ksfxdh laLFkkuksa] fnYyh fo'ofo|ky;] fnYyh izkS|ksfxdh; fo'ofo|ky; rFkk 
tokgj yky usg: fo'ofo|ky; vkfn esa ih,p Mh dh mikf/k ds fy, igys ls gh 60 fo|kFkhZ iathd`r gSaA ekfidh rFkk 
vU; fof'k"V fo"k;ksa ls lacaf/kr {ks=ksa esa vkS|ksfxd izf'k{k.k dk;ZØe dk Hkh vk;kstu fd;k x;kA bu izf'k{k.k ikB~;Øeksa 
esa fofHkUu jk"Vªh; rFkk varjkZ"Vªh; laxBuksa us Hkkx fy;kA jktHkk"kk ,dd }kjk 1&3 flracj] 2011 ds nkSjku ÞlkSj ÅtkZ 
vuqiz;ksxksa gsrq inkFkZ ;qfDr;ksa esa gky esa dh xbZ izxfrß fo"k; ij fganh esa Hkh ,d jk"Vªh; lsfeukj dk vk;kstu fd;k 
x;kA

	 fo|ky;ksa] egkfo|ky;ksa] fo'ofo|ky;ksa] rduhdh laLFkkuksa] foKku rFkk izkS|ksfxdh; laxBuksa ls fo|kfFkZ;ksa] f'k{kdksa] 
ladk; lnL;ksa dks 'kkfey djds laLFkkxr nkSjksa dk vk;kstu djuk lh ,l vkbZ vkj&,u ih ,y dk ,d egÙoiw.kZ 
fØ;kdyki gSA o"kZ ds nkSjku 11 laLFkkxr nkSjs vk;ksftr fd, x, ftuls lekt esa lh ,l vkbZ vkj&,u ih ,y dh 
lk[k dks c<+kus esa lgk;rk izkIr gqbZA ekfidh rFkk xq.koÙkk izca/ku iz.kkyh ds {ks= esa vkS|ksfxd izf'k{k.k Hkh vk;ksftr fd, 
x,A bl izdkj ds pkj ikB~;Øe vk;ksftr fd, x, ftuesa fofHkUu m|ksxksa] ijh{k.k rFkk va'kkadu iz;ksx'kkykvksa ,oa vU; 
fofHkUu jk"Vªh; rFkk varjkZ"Vªh; foKku ,oa izkS|ksfxdh laxBuksa ds dkfeZdksa us Hkkx fy;kA 

	 o"kZ ds nkSjku] ,l lh vkbZ esa lwphc) if=dkvksa esa dqy 330 oSKkfud rFkk rduhdh 'kks/k i=ksa dk izdk'ku fd;k 
x;kA 42 'kks/k i=ksa dk izHkko xq.kd 4 ls 13 dh jsat esa FkkA fons'k esa 10 isVsaV ntZ djk, x, rFkk 6 isVsaV Hkkjr esa ntZ 
djk, x,A iwoZ ds o"kksZa esa ntZ djk, x, 6 varjkZ"Vªh; isVsaVksa rFkk 5 Hkkjrh; isVsaVksa dks 2011&12 ds nkSjku Lohd`fr iznku 
dh xbZA o"kZ ds nkSjku] 17 ubZ ifj;kstuk,a ¼izk;ksftr vkSj ijke'kZnk=h½ 'kq: dh xbZa rFkk 2243 va'kkadu fjiksVsZa tkjh dh 
xbZa ftlls yxHkx 425 yk[k #i, dk bZ lh ,Q vftZr fd;k x;kA 

	 20 ebZ] 2011 dks Þfo'o ekfidh fnolß vkSj lkFk gh Þjk"Vªh; izkS|ksfxdh fnolß dk Hkh vk;kstu fd;k x;kA tSlk 
fd C;wjks baVjus'kuy Msl iksbM~l ,V estj ¼ch vkbZ ih ,e] isfjl½ }kjk fu.kZ; fy;k x;k Fkk] Þfo'o ekfidh fnolß dh 
fo"k;&oLrq ¼Fkhe½ ÞfoKku ,oa izkS|ksfxdh esa ekfidh&ekiu % uo izorZu dh fn'kk esa ,d lsrqß FkkA bl fo"k; dh] bl 
volj ij vkeaf=r fd, x, izksQslj Jhdqekj cuthZ] v/;{k] , bZ lh rFkk lfpo] ijek.kq ÅtkZ foHkkx] Hkkjr ljdkj 
rFkk Hkkjrh; jk"Vªh; foKku vdkneh ¼bUlk½ ds v/;{k MkW- d`".k yky tSls fof'k"V oDrkvksa }kjk] mnkgj.k lfgr foLr`r 
O;k[;k izLrqr dh xbZA MkW- yky us bl volj ij vkjafHkd Hkk"k.k fn;k rFkk MkW- cuthZ us Þjlk;u foKku rFkk ukfHkdh; 
ÅtkZß fo"k; ij ,d vR;f/kd jkspd rFkk Kkuo/kZd izeq[k Hkk"k.k fn;kA 

	 ekuuh; foKku ,oa izkS|ksfxdh] i`Foh foKku ea=h rFkk oSKkfud ,oa vkS|ksfxd vuqla/kku ifj"kn~ ¼lh ,l vkbZ vkj½ ds 
mik/;{k Jh foykljko ns'keq[k2 us 22 flracj] 2011 dks jk"Vªh; HkkSfrd iz;ksx'kkyk dk ln~Hkkouk nkSjk fd;kA bl nkSjku] 
vkius jk"Vªh; HkkSfrd iz;ksx'kkyk esa dk;Z dj jgs oSKkfudksa ds lkFk HksaV dh vkSj muds lkFk dkQh ?kfu"B okrkZyki fd;k 
vkSj lkFk gh mUgsa lacksf/kr Hkh fd;kA vkius dqN egÙoiw.kZ vuqla/kku fØ;kdykiksa vkSj gky esa l`ftr dh xbZa vR;k/kqfud 
lqfo/kkvksa dk Hkh nkSjk fd;k rFkk mudh ljkguk dhA bl volj dks ;knxkj cukus ds fy, vkius oSKkfud ,oa vkS|ksfxd 
vuqla/kku ifj"kn~ ¼lh ,l vkbZ vkj½ rFkk lh ,l vkbZ vkj&,u ih ,y ds vf/kdkfj;ksa ds lkFk feydj jk"Vªh; HkkSfrd 
iz;ksx'kkyk ds eq[; Hkou ds lkeus dSfyLVhekWu ySuflvksySVl dk ikS/kjksi.k Hkh fd;kA 

	 [kqyk fnol lekjksg oSKkfudksa rFkk jk"Vªh; HkkSfrd iz;ksx'kkyk esa fd, tk jgs vR;k/kqfud vuqla/kku dk;ksZa ds ckjs esa 
tkuus esa #fp j[kus okys O;fDr;ksa ds chp ikjLifjd laidZ LFkkfir djus dk ,d volj gS tks o"kZ esa ,d ckj vkrk gSA 
lh ,l vkbZ vkj&,u ih ,y }kjk oSKkfud ,oa vkS|ksfxd vuqla/kku ifj"kn~ ¼lh ,l vkbZ vkj½ ds LFkkiuk fnol lekjksgksa 
ds ,d fgLls ds :i esa 28 flracj] 2011 dks [kqyk fnol lekjksg vk;ksftr fd;k x;kA bl lekjksg esa fo|ky;ksa rFkk 
egkfo|ky;ksa ds fo|kfFkZ;ksa lfgr yxHkx 1900 O;fDr;ksa us Hkkx fy;kA 

2 Jh foykl jko ns'keq[k dh 13 vxLr] 2012 dks vR;ar nq[kn rFkk vle; e`R;q ds ckjs esa tkudj vR;f/kd vk?kkr igqapkA ;g ,d vfo'oluh; 
?kVuk FkhA ge vHkh Hkh ,u ih ,y ds muds nkSjs ij vkus rFkk ;gka ds deZpkfj;ksa ds lkFk muds }kjk dh xbZ ckrphr dh e/kqj Le`fr;ksa ls 
vksr&izksr gSaA eSa viuh vksj ls rFkk lh ,l vkbZ vkj&,u ih ,y ds leLr deZpkfj;ksa dh vksj ls 'kksd larIr ifjokj ds fy, viuh gkfnZd 
laosnuk O;Dr djrk gwaA
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lj lh oh jkeu }kjk fd, x, oSKkfud vuqla/kkuksa rFkk muds }kjk 28 Qjojh] 1928 dks jkeu izHkko dh [kkst djus dh 
Le`fr esa mUgsa lEekfur djus ds fy, 28 Qjojh] 2012 dks jk"Vªh; foKku fnol&2012 euk;k x;kA iwoZ esa vkbZ vkbZ Vh] 
fnYyh ls lEc) izksQslj dsgj flag us Þlqj{kk gksyksxzkeß fo"k; ij viuk mn~?kkVu O;k[;ku fn;kA bl volj ij ,d 
iksLVj izLrqrhdj.k dk;ZØe Hkh vk;ksftr fd;k x;k ftlesa lh ,l vkbZ vkj&,u ih ,y ds lHkh vuqla/kku v/;srkvksa 
ds dk;ksZa dh izn'kZuh vk;ksftr dh xbZA izksQslj dsgj flag us fo|kfFkZ;ksa ds lkFk vR;f/kd ?kfu"B laidZ LFkkfir fd;k 
rFkk mUgsa izksRlkfgr djus ds fy, vkius 5 loksZÙke iksLVj iqjLdkj Hkh forfjr fd,A 

	 oSKkfud vuqla/kku dk;ksZa ls gVdj geus 25&26 Qjojh] 2012 ds nkSjku vkbZ , vkj vkbZ] fnYyh esa vk;ksftr iwlk 
ckxckuh izn'kZuh esa Hkh Hkkx fy;kA bl izn'kZuh esa 16 Jsf.k;ksa esa izLrqr dh xbZ 105 izfof"V;ksa esa ls geus 103 iqjLdkj 
thrs ftuesa 33 izFke iqjLdkj] 58 f}rh; iqjLdkj] 12 r`rh; iqjLdkj rFkk 7 pSysat di@'khYM 'kkfey FksA gekjs ckxckuh 
vuqHkkx }kjk fd, x, iz;kl vR;f/kd izHkkoksRiknd FksA 

	 ;s lHkh miyfC/k;ka lh ,l vkbZ vkj&,u ih ,y esa dk;Z dj jgs lHkh deZpkfj;ksa rFkk ;qok vuqla/kkudrkZvksa }kjk 
,dtqV gksdj iwjh fu"Bk ds lkFk dh xbZ lgk;rk ds dkj.k laHko gks ikbZA eSa bldh g`n; ls ljkguk djrk gwaA eSa bl 
volj ij lh ,l vkbZ vkj eq[;ky;] vuqla/kku ifj"kn~ rFkk izca/k ifj"kn~ ls le;&le; ij izkIr ewY;oku ekxZn'kZu] 
lgk;rk rFkk izksRlkgu] tks gesa gekjs y{;ksa dks iwjk djus esa vR;f/kd lgk;d fl) gq,] dh Hkh ljkguk djrk gwaA lh 
,l vkbZ vkj&,u ih ,y esa jk"Vªh; rFkk varjkZ"Vªh; fo'ks"kKksa }kjk fd, x, fu;fer nkSjs vR;f/kd ykHkdkjh rFkk ewY;oku 
fl) gq, gSaA 

	 var esa] eSa bl fjiksVZ dks izdkf'kr djus ds fy, MkW- ohjsanz 'kadj ds usr`Ro esa izdk'ku lfefr }kjk fd, x, ;ksxnku 
ds fy, mudk vkHkkj O;Dr djrk gwaA MkW- 'kadj] Jh jk?kosanz] Jh ,u-ds- ok/kok] Jh izse pan] lqJh vuhrk 'kekZ] lqJh ljkst 
mik/;k; vkSj Jh lqHkk"k panz }kjk fd, x, lg;ksx rFkk fo'ks"k iz;kl vR;f/kd ljkguh; gSaA

¼vkj lh cq/kkuh½
funs'kd
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From the Director's Desk...

	 The Annual Report of CSIR-National Physical Laboratory (NPL) for the year 2011-12 is placed 
before you. It was a pleasure preparing the same.

	 CSIR-NPL is a premier physics laboratory as well as the National Metrology Institute of India. It is 
actively pursuing frontier areas of research in Physical Sciences and Metrology.  The year, 2011-12, had 
been very creative, exciting as well as inspiring for us. The process of reorientation and transformation 
continued for achieving greater external visibility in forefront areas of advance research. One could 
feel the steady increase in the volume and quality of work as CSIR-NPL kept evolving into an ever more 
internationally oriented institute. 

	 Efforts continued during the year to develop and establish the state-of-the-art characterization 
facilities and best-in-class experimentation setup in priority areas of research. A focused ion beam (FIB) 
microscope, X&Q band EPR spectrometer with low temperature (≥ 3.5K) attachment and UV illumination 
facility and SQUID based magnetometer were installed while the commissioning of Riber Molecular Beam 
Epitaxy (MBE) System was completed. A new Pulsed Laser Deposition laboratory was set up. Cesium (Cs) 
atomic fountain became fully operational as a primary frequency standard (India-CsF1). A programmable 
Josephson Voltage Standard at 10 V level was installed with the support of NIST, USA.  A number of other 
primary and secondary standards were established for the parameters of length, hardness, vibration, 
sound and power. Our plan to grow and nurture high quality young researchers continued and 15 new 
scientists were recruited. 
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	 The Annual Report highlights the progress and achievements made under different research 
programmes and also summarize other information that provides an overview of the institute during the 
year 2011-12. It also outlines the research priorities of XII Five Year Plan. 

	 Focused R&D was done under various constituent divisions of the laboratory. The seven newly 
structured theme-wise Divisions are recognized as (1) Physics of Energy Harvesting, (2) Materials Physics 
and Engineering, (3) Radio & Atmospheric Sciences, (4) Time & Frequency (5) Apex Level Standards 
& Industrial Metrology and (6) Quantum Phenomena & Applications. For Materials Characterization, 
Sophisticated & Analytical Instruments Division has been put in place as a support unit. 

	 Newly created, Division of Physics of Energy Harvesting showed significant progress on the 
development of novel anti reflection and surface passivation processes for single crystal and multi-
crystalline solar cells. Use of luminous graphene quantum dots and soluble functionalized fullerenes for 
advanced organic photovoltaic devices were investigated. Progress was achieved in the development of 
low dimensional bismuth telluride alloys for advanced thermoelectric devices. Improved plasma assisted 
deposition processes for tribological coatings and thin film solar cells were developed.

	 The Division of Materials Physics and Engineering initiated two new activities, under the CSIR 
Network Project - Technologies and Products for Solar-energy Utilization through Networks (TAP-
SUN), namely, “Development of novel thermoelectric materials and devices for harnessing solar energy 
and waste heat” and “Lithium ion and light weight lead-acid battery”. Work was started to develop 
novel thermoelectric materials such as, SiGe, Mg2Si, half-Heusler and others with enhanced figure-of-
merit.  A well-equipped thermoelectric laboratory was established to work on the design, synthesis, 
characterization and thermoelectric property evaluation of nanostructures. Under an MoU between 
CSIR-NPL and Bhabha Atomic Research Center (BARC), the capability to develop carbon-carbon (C/C) 
composite fuel tubes for the application in Compact High Temperature Nuclear Reactor being proposed 
by BARC was demonstrated. Carbon-Carbon (C/C) composites were found to be more suitable materials 
due to their superior thermo – mechanical properties such as high thermal conductivity, low coefficient of 
thermal expansion, high thermal shock resistance, high strength and chemical inertness. Four numbers of 
C/C composite tubes as specified in the MoU, were handed over to the scientists of BARC for field trials 
and post irradiation evaluation. 

	 In the area of Luminescence, tunable photoluminescence from hydrophobic silica gel nanoparticles, 
core-shell upconversion nanophosphors and optical bifunctional nanophosphors were developed for 
displays, enhancement of solar cell efficiency and biomedical applications. During the year, while some 
new biosensors were developed, performance enhancement of the existing ones was achieved. The DNA 
Sequence specific to Leukemia had been identified and a biosensor, very sensitive to leukemia (Blood 
cancer) was fabricated. The sensor is being validated with clinical patient samples from Army hospital 
(R&R). Cholesterol biosensor detection range (linear range) was improved to the range of 50 mg/dl to 
300mg/dl. A new process of electrochemical polymerization onto paper strips was developed, for cost 
effective biosensor fabrication. Biocompatible dendrimer based biosensor was fabricated for e-coli (water 
borne disease) detection.  Carboxyl functionalized ZnS, Au and Pt nanoparticles of 5-10 nm size were 
synthesized for modifying ITO-glass electrodes used as electrochemical sensors for the quantification of 
target cardiac biomarkers in phosphate buffer solution under optimum conditions.
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	 Radio & Atmospheric Sciences Division initiated a network project under XII five year plan. The 
project aims at investigating the changing atmosphere due to human and natural perturbations over Indo-
Gangetic plain and Himalayan regions and the impacts of changing atmosphere on agriculture, floral 
biodiversity and human health. In the Radio Science area, the investigation of ionospheric response to a 
number of stratospheric warming events using ionosonde data from different stations in the Asian zone was 
carried out. An attempt was made to investigate the suitability of various prediction models using the 1.8 
GHz cellular frequency narrowband measurements conducted in urban and suburban areas of Delhi in 
northern India. 

	 Landfills are major sources of methane emission contributing to the Global Warming and Climate 
Change. With the increasing urbanization, the contribution from this source is increasing. Annual Methane 
emission estimation from Municipal Solid Waste deposited in the Landfills in the different cities of India using 
the methane emission factor developed by CSIR-NPL was made. Further, for climate modeling, estimation 
of Emission Factors for organic carbon and elemental carbon emissions for different kinds of biofuel used 
in various Indian States was developed.  Role of ambient ammonia in the formation of inorganic aerosol 
over Indo Gangetic Plain were also studied. Solar occultation spectra have been recorded in Delhi using 
Bruker 125 HR for retrieval of realistic profiles of N2O and C2H6 in the troposphere. Long term spectral 
variations of Aerosol Optical Depth and Angstrom parameters have been studied to examine the seasonal, 
annual and inter-annual variations at Delhi. 

	 A Primary Ozone Standard facility was established for providing traceability in surface Ozone 
measurements in India and South Asian Region and calibration measurement capability (CMC) for same 
has been submitted after successful completion of peer review. Efforts were made to set up Space Physics 
Laboratory at a new Indian Research Station “Bharati” (69˚24’S, 76˚11’E), at Larsemann Hills, Antarctica 
which is 3000 km away from the present “Maitri” (70˚45’S, 11˚44’E) Station. It is heartening that Dr. Rupesh 
M. Dass from the Laboratory is leading the 31st Indian Antarctica Expedition as its first leader to “Bharati”. 

	 The Division of Apex Level Standards and Industrial Metrology continued to help calibration and testing 
laboratories of the country not only for providing traceability through calibration but also for  maintaining 
their Measurement Assurance Programme (MAP) by providing  training and conducting proficiency testing 
in different parameters. Many groups of this division are participating in international inter comparisons 
to maintain their capability. Training programs in various parameters were organized for development of 
skilled man power in the field of metrology in the country as well as neighboring countries. Some of the 
significant achievements included: Establishing (i) Long Gauge Blocks up to 4 meter (ii) High Temperature 
Blackbody Source, (iii) Secondary hardness standardizing machines for Rockwell, Vickers and Brinell scales, 
(iv) A new facility for the Study of Standard Inductor, (v) Measurement facility in the frequency range of 
1 MHz to 2 GHz for the characterization of RF power etc. Another accomplishment was CMC of 1 kg as 
±28µg at k=2, which only a few other NMIs like PTB (Germany) and KRISS (Korea) have achieved.

	 Time and Frequency Division, which covers activities such as ultra stable Atomic Frequency Sources, 
Physics of Cold Atoms and Precise Timing Systems, had some significant scientific achievements. These 
included: Cs fountain becoming fully operational as a primary frequency standard; time scale –UTC (CSIR-
NPLI) was upgraded to a more stable version based on a steered hydrogen maser output and backed 
up by an ensemble of five Cs clocks; Installation of a dual frequency multichannel GPS receiver and a 
Two Way Satellite Time & Frequency Transfer (TWSTFT) link to enhance the accuracies of CSIR-NPL’s 
BIPM traceability. In addition to this, design and development of a second generation Cs fountain – Novel 
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Optically pumped Cs fountain was initiated. The division also worked on a Design Validation Model of a 
Rb frequency standard for ISRO’s IRNSS navigation system and carried out routine calibrations of stop 
watches, timers, frequency counters, Cs and Rb clocks, GPS and Teleclock receivers. Major facilities that 
had been procured and installed during the year included: Hydrogen Maser, TWSTFT link and Commercial 
Cs clock.

	 Sophisticated & Analytical Instruments Division (SAID) comprising of four groups namely X-ray Analysis, 
Electron and Ion Microscopy, EPR & IR Spectroscopy and Analytical Chemistry remained dedicated to 
the basic characterization of materials regarding different aspects, namely, chemical composition, purity, 
structure (including defects) and crystallographic perfection. The division houses high quality facilities like 
High-Resolution X-ray Diffractometer (HRXRD) cum X-ray Reflectometer (XRR) system, Fully Automated 
X-ray Fluorescence Spectrometer, variable pressure Scanning Electron Microscope (SEM), high-resolution 
Transmission Electron Microscope (TEM) with Energy Dispersive X-ray Spectroscopy and Scanning TEM 
attachments, Electron Paramagnetic Resonance (EPR) spectrometer, Atomic Force Microscope/Magnetic 
Force Microscope (FM/MFM), Secondary ion mass spectrometry (SIMS) and Scanning Probe Microscope 
(SPM) etc.  Inductively Coupled Plasma–High Resolution Mass Spectrometry (ICP-HRMS) and a new X and 
Q band EPR Spectrometer were recently installed.

	 Crystal Growth and X-ray Analysis group of SAID successfully grew technologically important single 
crystals like Fe and Zn doped LiNbO3, BSO, LC-added Benzophenone etc by Czochralski method and 
variety of nonlinear optical organic and semiorganic NLO crystals [Cr-doped ZTS, LHN, L-alanine doped 
KDP, Mn-doped L-alanine, Glycine Phosphite, trans-stilbene etc.] by solution growth methods. Doping in 
NLO crystals were specially targeted as the properties could be engineered for tailor-made applications. 
The grown crystals and variety of MOCVD and MBE grown GaN based solid state light emitting diode 
structures from CEERI-Pilani and in-house activity were characterized by variety of techniques.  The major 
achievements of Electron and Ion Microscopy group were: (i)  Preparation of database for aerosol optical 
modeling by morphological characterization of atmospheric ambient particles (in collaboration with IIT, 
Kanpur) and (ii) ZnO decorated luminescent graphene as a potential gas sensor at room temperature 
was developed with a large sensor response and quick recovery time with preferred selectivity towards 
electron donor gases like CO and NH3 and (iii) A US patent was filed for the removal of As and Cr from 
water using zinc peroxide nanoparticles. EPR Spectroscopy group carried out spectroscopic studies on 
Ni0.5 Zn0.5 GdxFe2-xO4 (x = 0.1, 0.2, 0.3) nanoparticles in as-grown and annealed states. In the Analytical 
Chemistry group, International Peer Review in O3 & elemental solutions was completed successfully for 13 
CMCs. Five new elemental aqueous certified reference materials namely Pb (2 types), Cr, Ca and SO4 
were prepared and certified according to quality management system. 

	 Towards Human Resource Development, CSIR-NPL provided training to students, pursuing M.Sc./M.
Tech./MCA, or their equivalent degree programmes from different educational institutions spread all across 
the country. During the year, about 126 students underwent short and long term training. A Post Graduate 
Research Programme in Engineering (PGRPE) in “Advanced Materials Physics & Engineering“ was initiated 
at CSIR-NPL, with an intake of 10 students. Twenty nine fresh research fellows were motivated to join the 
laboratory during the year, making a total strength of 96.  Under the Academy of Scientific and Innovative 
Research (AcSIR)1, 34 students were registered for Ph.D. in Physical and Chemical Sciences. 60 students 

1AcSIR was established by an Act of Parliament, the Academy of Scientific and Innovative Research Act, 2011 vide The Gazette 
of India No.15 dated February 7, 2012 and notified on 3rd April 2012.
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were already registered for Ph.D. at other universities such as IITs, Delhi University, Delhi Technological 
University and JNU etc.   Industrial training was also organized in the area of Metrology as well as other 
specialized topics. Such training courses were attended by various national and international organizations. 
A national seminar on “Recent development in Materials Devices for Solar Energy Applications” was also 
organized in Hindi by Raj Bhasha Unit during September 1-3, 2011.

	 Organization of institutional visits involving students, teachers, faculty members from school, colleges, 
universities, technical institutes, S&T organizations is an important activity of the CSIR-NPL. Eleven institutional 
visits were arranged which helped enhancing CSIR-NPL’s visibility in the society. Industrial training was also 
organized in the area of Metrology and Quality Management System. Four of such courses were organized 
and were attended by the personnel belonging to various industries, testing & calibration laboratories and 
other various national and international S&T organizations.  

	 During the year, a total of 330 scientific and technical papers were published in SCI indexed Journals. 
Forty two papers had impact factor in the range of 4 to 13. Ten patents were filed abroad and six 
patents were filed in India. Six international patents and five Indian patents filed in previous years were 
granted during 2011-12.  Seventeen new projects (sponsored and consultancy) were undertaken and 
2243 calibration reports were issued, which contributed to generation of an ECF of about 425 lakhs.

	 “World Metrology Day” together with “National Technology Day” was celebrated on May 20, 
2011. The theme of “World Metrology Day”, as decided by Bureau International des Poids et Measures 
(BIPM, Paris) was Metrology-Measurement in Science and Technology: a Bridge to Innovation. This was 
exemplified by the distinguished speakers invited on the occasion,  Prof.  Srikumar Banerjee, Chairman, 
AEC and Secretary, DAE, Govt of India and Dr. Krishan Lal, Chairman, INSA. Dr. Lal gave a preamble to 
the occasion and Prof.  Banerjee delivered a very interesting and informative key note address entitled 
“Chemistry & Nuclear Energy”.

	 Hon’ble Minister of Science & Technology, Earth Sciences and Vice President, CSIR, Sh. Vilasrao 
Deshmukh2 paid a goodwill visit to the laboratory on 22nd September, 2011. He met and keenly interacted 
with scientists as well as addressed them. He also visited and appreciated some of the important research 
activities and recently created state-of-art facilities. To mark the occasion, he along with officials of CSIR 
and CSIR-NPL planted the seedlings of Callistemon lanceolatus in front of the main building. 

	 The Open-Day is once a year opportunity for interaction between scientists and the interested public 
eager to know more about the cutting edge research being conducted at the laboratory. The CSIR-NPL 
open day was held on 28th September, 2011 as part of CSIR’s Foundation Day Celebrations. Around 
1900 visitors including students from schools and colleges turned up on the occasion.  

	 In honour of Sir C.V. Raman, for his legacy and discovery of the Raman Effect on February 28, 1928, 
the National Science Day 2012 was celebrated on 28th Feb, 2012. Prof. Kehar Singh, formerly with IIT 
Delhi, delivered the inaugural lecture entitled “Security Holograms”.  A Poster Presentation Event was also 
organized where the work of all research fellows of CSIR-NPL was exhibited.  Prof. Kehar Singh had a 
lively interaction with the students and to encourage them further distributed five best poster awards. 

2 It was really shocking to learn about the sad and sudden demise of Shri Vilasrao Deshmukh on 13th August, 2012. It was 
unbelievable. We still cherish the sweet memories of his visit to NPL and interaction with staff members. I, on my own behalf and 
on behalf of CSIR- NPL staff, convey our heart felt condolences to the bereaved family. 
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	 Apart from scientific endeavors, we also participated in Pusa Horticulture Show held at IARI, Delhi, 
during February 25-26, 2012. Out of 105 entries that were submitted in 16 categories, we won 103 
prizes which included 33 first prizes, 58 second prizes, 12 third prizes and 7 Challenge Cups/Shields. The 
efforts made by our Horticulture Section were quite impressive.

	 All these achievements could be possible due to the whole hearted support of each and every 
member of CSIR-NPL staff and young researchers. I, earnestly, appreciate the same.  I also take this 
opportunity to acknowledge the valuable help, support and encouragement received from CSIR Head 
Quarters, Research Council and Management Council which assisted us to a large extent in achieving our 
aims.  The regular visits of national and international experts at CSIR-NPL had been highly rewarding and 
valuable. 

	 Last, but not the least, I would also like to acknowledge the contribution of the Publication Committee 
under the leadership of Dr.Virendra Shanker in bringing out this report.  The co-operation and special 
efforts of Dr. Shanker, Sh Raghavendra, Sh. N.K. Wadhwa, Sh Prem Chand, Ms Anita Sharma, Ms Saroj 
Upadhyay and Sh Subhash Chandra are also appreciated. 

(R. C. Budhani)
Director
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Preamble

CSIR-
National Physical 

Laboratory

	 CSIR-National Physical Laboratory is one of 
the first National laboratories set-up under CSIR. Its 
foundation stone was laid by the first Prime Minister 
of India, late Pandit Jawaharlal Nehru on 4th 
January 1947. Late Dr. K.S. Krishnan, FRS, was the 
first Director of the laboratory. The main building 
was opened by the then Deputy Prime Minister, late 
Sardar Vallabhbhai Patel on 21st January 1950.

Charter

	 The main objectives of NPL have been a) 
to establish, maintain and improve National 
Standards of Measurements and to realize the 
Units based on International system, b) to identify 
and conduct research in areas of Physics, which 
are most appropriate to the needs of the Nation 
and for the advancement of the field, c) to assist 
industries, national and other agencies in their 
developmental tasks by precision measurements, 
calibration, development of devices, processes and 
other allied problems related to physics and d) 
to keep itself informed of and study critically the 
status of physics.

Custodian of National Standards of 
Measurement

	 National Physical Laboratory has the 
responsibility of realizing the units of physical 
measurements based on the International System (SI 
units) under the subordinate legislations of Weights 
& Measures Act 1956 (reissued in 1988 under the 

1976 Act). NPL also has the statutory obligation 
to establish, maintain and update the national 
standards of measurement & calibration facilities 
for different parameters. The seven SI base units 
are metre, kilogram, second, Kelvin, Ampere, 
candela, mole and the SI supplementary units are 
radian (rad) & steradian (sr). The other derived 
units for physical measurement, that the laboratory 
currently maintains, are: force, pressure, vacuum, 
luminous flux, sound pressure, ultrasonic power; ac 
voltage; current and power; low frequency voltage; 
impedance and power; high frequency voltage; 
attenuation and noise; microwave power and 
frequency.

National Apex Body for Calibration

	 The laboratory provides apex level 
calibration services in the country, offering National 
Accreditation Board for Testing and Calibration 
(NABL), the national accreditation body in the 
country, (i) its qualified assessors as needed for 
establishing best measurement capability of 
the applicant laboratory; (ii) its technical input 
to enable NABL to decide the suitability of the 
applicant laboratory for accreditation, and (iii) its 
faculty to train testing laboratories for estimation 
of uncertainty in their measurements.

	 Besides, the laboratory is engaged in 
development of Certified Reference Materials to 
ensure high quality measurement and traceability of 
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analytical measurements to national/international 
measurement system (SI unit) in order to fulfill the 
mandatory requirement of quality systems (ISO/
IEC-17025) and of the NABL.

Major Achievements

	 National Physical Laboratory has to its credit 
innumerable number of achievements, a few major 
achievements are: a) Introduction of Metric system of 
measurements in India, b) Development of Indelible 
ink-the indelible contribution to Indian democracy, 
c) Estimation of methane gas emission from 
India-a nationwide measurement campaign giving 
countrywide advantage in environment protection, 
d) Setting up a pilot plant for development of 
Electronic Components (ferrites), which led to setting 
up a public sector Unit called Central Electronics Ltd. 
(CEL) in 1973, e) Development of know-how of the 
Electrostatic Photocopying machine using indigenous 
materials and f) Indian Standard Time.

The major thrust areas of R & D

(A)	 Metrology
	 	 Calibration & Testing Services to 

Industries
	 	 Electrical & Electronic Standards
	 	 Physico - Mechanical Standards
	 	 Metrology in Chemistry
	 	 Nano Metrology
	 	 Primary Standards
	 	 Realization of SI units

(B)	 Materials
	 	 Light weight, high strength metallic 

materials
	 	 Bulk Nanometallic and Nanocomposite 

materials
	 	 Carbon & Carbon composites

	 	 Plasma Processed Materials
	 	 Organic and Inorganic Photovoltaics
	 	 Luminescent Materials
	 	 Organic Light Emitting Diodes
	 	 Conduction Polymers & Composites
	 	 Superconducting materials and 

Superconductivity
	 	 Fuel cells
	 	 Sensors (based on Bio, Gas, Chemicals, 

MEMS)
	 	 Advanced Characterization Techniques

(C)	 Radio and Atmospheric Sciences
	 	 Ionosphere & Troposphere
	 	 Atomospheric Environment
	 	 Global Climate Change
	 	 Antarctica and Arctic studies
	 	 Radio-Propagation
	 	 Communications (Fixed, mobile and 

marine)

Organization and Management

	 The laboratory has structured its total 
activities under seven scientific decision units. These 
are: (i) Physics of Energy Harvesting, (ii) Materials 
Physics and Engineering, (iii) Radio and Atmospheric 
Sciences, (iv) Time and Frequency Standards,  
(v) Apex Level Standards and Industrial Metrology, 
(vi) Quantum Phenomena and Applications  
(vii) Sophisticated and Analytical Instruments.

	 In addition, it has set-up eight support units 
for its organization and management. These are (i) 
Administration (ii) Finance & Accounts, (iii) Stores & 
Purchase, (iv) Works and Services, (v) Workshop 
and Cryogenics, (vi) Computation & Network 
Facility, (vii) Directorate, (viii) Intellectual Property 
and Human Resource.
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Organizational Structure

C S I R – N P L

Research & Development 
Divisions

Scientific & Administrative 
Support Divisions

Physics of Energy  
Harvesting
Division - 01

Administration
SASD - 01

Finance & Accounts
SASD - 02

Stores & Purchase
SASD - 03

Works & Services
SASD - 04

Workshop & Cryogenics
SASD - 05

Computation &  
Network Facility

SASD - 06

Directorate
(Sophisticated & Analytical  

Instruments, PME, QS)
SASD - 07

Intellectual Property & 
Human Resource

(HRD, ISTAG, ILG, IPR, CFCT, Library)
SASD - 08

Materials Physics & 
Engineering
Division - 02

Radio & Atmospheric  
Sciences

Division - 03

Time & Frequency  
Standards
Division - 04

Apex Level Standards & 
Industrial Metrology

Division - 05

Quantum Phenomena  
& Applications

Division - 06



Performance 
Indicators
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Calibration and Testing at NPL

Earnings
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Inception of  
AcSIR
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The Academy of Scientific and Innovative Research (AcSIR) has been notified through an Act of 
Parliament published in Gazette notification dated February 7, 2012 and enacted through a 
Gazette notification dated April 2, 2012 .

Ph.D. Programme
	� As on date, 35 students are registered for Ph.D. under AcSIR in Physical & Chemical 

Sciences
	� For the January 2012 Semester, 68 Ph.D. students have been shortlisted for interviews, under 

AcSIR, which will be held on June 26-27, 2012
	� In order to induct more engineers, NPL has advertised for the positions of JRF-GATE, under 

which we plan to induct 10 students for Ph.D in different engineering disciplines
	� 60 Ph.D. students are currently registered at other universities (IITs, DU, DTU, JNU, etc.) jointly 

with CSIR-NPL.

PGRPE (M.Tech.) Programme
	 8 students  of PGRPE will complete the IInd Semester (Jan-May 2012)
	 The IIIrd Semester commences on 16th August 2012
	 During the IInd semester 4 courses were offered :
	 	Research Methodology, Technical Writing & Communication Skills
	 	Superconducting & Magnetic Materials
	 	Advanced Measurement Techniques & Metrology
	 	Advanced Computational Physics
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XII Five Year Plan - Proposed Projects

NETWORK PROJECTS

Technologies and Products for Solar Energy  
Utilization through Network 

(TAPSUN PROJECTS)

	 Measurements for Innovation, in Science 
& Technology, and for improvement of 
Quality & Economy of Life�

� (MISTQUE )
	 Advanced Quantum Research and 

Innovation with Ultra Small Systems �
� (AQuaRIUS)
	 Development of Advanced Materials 

for Next-Generation Energy-Efficient 
Devices�

� (D-NEED)
	 Probing the Changing Atmosphere  and 

its Impacts in the Indo-Gangetic Plains 
(IGP) and Himalayan Regions�

� (AIM-IGPHim)

SUPRA INSTITUTIONAL PROJECT

	 Research and Development of Single 
Trapped Ion based Optical Frequency 
Standard

� (STIOS)

R&D on thin film solar cells 
(Dr Shushil Kumar)  

(Rs. 4906.60 Lakhs) 
(GAP 113532)

Funding Agency: MNRE

Novel approaches for solar energy conversion  
(Dr Suresh Chand)  

(Rs. 3446.25 Lakhs)  
(NWP-54)

Efficient silicon photovoltaics with smart 
electronics and lighting systems  

(Dr P K Singh)  
(Rs. 4130.45 Lakhs)  

(NWP-55)

Innovative solutions for solar energy storage  
(Dr R B Mathur / Dr S K Dhawan)  

(Rs. 647.50 Lakhs)  
(NWP-56)

Funding Agency: CSIR



Significant 
Achievements
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Establishing New Standards

Force
Force Standards - Hardness Standardizing machine

The New Primary Hardness Machines are Established for Realization of  hardness scale

Great Demand of the Nation - Testing of Concrete and Hard materials (wide utilization 
in Defense, Space, Highway,  Metro, Over Bridge, Tunnel etc.) with traceability to 
International standards

Acoustics
Acoustics, Vibration and Ultrasonic Standards

•		 �Establishment of Primary Standard of Vibration using Laser Interferometer for 
calibration of reference standard accelerometer with an uncertainty of 0.3 % (at 
160 Hz) at par with PTB Germany.

•		 �Establishment of Secondary Sound Standard for providing calibration services for 
microphones and other sonic devices

Standard Rockwell 
Hardness machine

 Secondary Sound Standard Primary Vibration Standard

Standard Vickers  
Hardness Machine

Standard Brinell  
Hardness Machine
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Establishing New Standards Continued ...

Time
First Cold Atom Cesium Fountain (CsF1) primary frequency standard.

India-CsF1 has become operational.

•		 �C-field mapping, frequency locking with H maser and stability analysis being 
performed.

•		 �State selection is being implemented and accuracy evaluation is under progress.

First Ramsey Fringes 
observed from Cesium 
Cold Atom Fountain
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Establishing New Standards Continued ...

Dimension
Long Gauge Blocks Measurement
using He-Ne Laser Interferometer

AC High Voltage & High Current
(Standards for Power Sector)

Nominal Range :
 0-4000 mm 
Working Range:
 0-3700 mm 
Resolution:
 0.01 µm
Maximum Error:
 1.5 µm
Repeatability:
 0.1 µm

Set up for 200 kV HV Divider

An innovative  
idea of the measurement  
of HV Divider up to 200kV  
almost double of our  
present 100kV capacity has  
been generated. A 200kV HV 
Divider from M/s. KVTEK  
Gurgaon has been  
calibrated.
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Materials & Products
CVD reactor for multiwalled CNTs

Very high yield – Key facility of  fuel cell program

CSIR-NPL ECG Machine
(Compact, low cost, PC-Plug-in  
12-lead ECG device)

Carbon–carbon composite fuel tubes
(for Compact High Temperature Nuclear Reactors at BARC)
•	 �Carbon-carbon composite tubes were successfully developed and handed over to Scientists 

from BARC for the high temperature nuclear reactor.

•	 �The technology involves weaving 3-D carbon fibre preform followed by repeated cycles of 
coal tar pitch impregnation, high pressure carbonization and graphitization to achieve a 
density of 1.8 g/cc

•	 �These tubes will encounter temperature of 800-9000C and are designed to carry molten lead 
as heat exchanger and also to store nuclear fuel.

Dimensions : 500 mm x 75 mm OD x 35 mm with 12 
holes of 10 mm dia. Each up to 400/450 mm depth 
on 55 mm PCD.

DST-Lockheed Martin  
Gold Medal 2012

ECG Machine

•	 �Low temperature growth of graphene by PECVD
•	 �UHV sublimation of Si from SiC
•	 �Electric arc facility for single wall CNT
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Materials & Products Continued ...

Conducting polymer paints and coatings for  
corrosion protection

An outcome of  joint efforts under NWP-12 (CSIR-NPL; CSIR-CECRI & CSIR-NCL)
NDA signed with M/s Krishna Conchem Products Pvt. Ltd., Navi Mumbai

Conventional Epoxy Coatings Conducting Polymers Based Coatings

Composites bipolar plate
	� Separate the individual fuel cells from 

Each other
	 Distribute fuel and oxidant.
	 Carry current away from the cell.
	 Support for MEA.

Porous carbon paper
	 �Provide reactant gases access from flow 

filed channels to catalyst layer
	 �Provide passage for removal of product 

water from catalyst layer
	 �Mechanical support to MEA
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Facilities Created

Focused Ion Beam (FIB) system

Pulsed Laser Deposition (PLD) set up
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Facilities Created Continued ...

SQUID based Magnetometer facility 
(T=1.8 – 400 K, B=0 – 7 Tesla)

7 Tesla SQUID 
Magnetometer with options 

for anisotropy, transport 
and photoexcitation 

measurements
*Standards of nanoparticles

*Photomagnetism
*Superconductivity



xxxvAnnual Report 2011-12CSIR-National Physical Laboratory

Facilities made Operational

X and Q band EPR Spectrometer
(With 3.5 K and UV illumination facility)

Riber Molecular Beam Epitaxy (MBE) system
•	 GaN-GaAlN and GaN-GaInN 2D electron gas
•	 Quantum wells for Light Emitting Diodes and high mobility devices
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Spark Plasma Sintering (SPS) system

Facilities made Operational Continued ...
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Radio & Atmospheric Sciences
Antarctica
Efforts are on to setup Space Physics Laboratory at New Indian Research station ‘Bharati’ 
(69o 24’S, 76o 11’ E) at Larsemann Hills, Antarctica. The new station is 3000 kilometre away 
from the present Maitri station). Ionospheric total electron content and polar ionosphere 
scintillation related to its dependence on space weather events will be studied.

Dr. Rupesh M. Dass from CSIR-NPL participated in 31st Indian Antarctica Expedition 
as its first leader at new station Bharati.

Fourier transform High Resolution Far Infrared
Spectrometer (to monitor atmospheric gases above Delhi)

New station “BHARATI” at Larsemann Hills, Antarctica.

Real Time Ambient Air Monitoring & Data 
Acquisition System
(Established at CSIR-NPL)
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J)ktafy

26 ebZ 1945&14 vxLr 2012



Glimpses of 
Important Events
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Honorable Minister of Science and Technology & 
Vice-President CSIR visits CSIR-NPL

September 22, 2011
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Minister's Visit Continued...
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Minister's Visit Continued...
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Minister's Visit Continued...
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Research Council Meeting 
June 01, 2011
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Research Council Meeting 
December 26, 2011
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ÅtkZ lap;u HkkSfrdh 

ÅtkZ lap;u HkkSfrdh izHkkx }kjk dkcZfud izdk'k oksYVh; rFkk izdk'k mRlthZ midj.kksa] vdkcZfud izdk'k mRlthZ 

Mk;ksMksa] vfØLVyh; rFkk fØLVy;qDr flfydu lkSj lsyksa ls lacaf/kr fØ;kdykiksa rFkk rki oS|qr ;qfDr;ksa gsrq inkFkksZa 

,oa izdk'kh; ruq fQYeksa ls lacaf/kr fØ;kdykiksa dk fu"iknu fd;k tk jgk gSA flfydu vkSj vfØLVyh; flfydu lkSj 

lsyksa ¼,l vkbZ ih 17½ rFkk izdk'k mRlthZ ;qfDr;ksa ¼,u MCY;w ih 25½ ls lacaf/kr lh ,l vkbZ vkj usVodZ ifj;kstukvksa 

ds varxZr fØ;kdyki bl izHkkx }kjk fd, tkus okys eq[; fØ;kdyki gSaA o"kZ ds nkSjku] dkcZfud bysDVªkWfud ;qfDr;ksa 

fo"k; ij bl izHkkx }kjk fd, x, mRd`"V vuqla/kku dk;ksZa ls lacaf/kr vusd 'kks/k i= vR;f/kd izfrf"Br i=&if=dkvksa 

esa izdkf'kr gq, gSaA ckjgoha iapo"khZ; ;kstuk ds nkSjku] Lkh ,l vkbZ vkj&Vh , ih ,l ;w ,u (CSIR-TAPSUN) dk;ZØe ds 

varxZr usVodZ ifj;kstuk,a ,u MCY;w ih 54 vkSj 55] ruq fQYe lkSj lsyksa ls lacaf/kr ,e ,u vkj bZ ifj;kstuk th , ih 

113532 rFkk Hkkjr&;wukbVsM fdaxMe ¼;w ds½ lg;ksxkRed dk;ZØe , ih bZ ,Dl izeq[k fØ;kdykiksa ds {ks= gSaA

orZeku o"kZ ds nkSjku foKku rFkk izkS|ksfxdh ds {ks= esa vusd egÙoiw.kZ ;ksxnku fd, x,A uohu izfr ijkorZu rFkk ,dy 

fØLVyh; ,oa cgq fØLVyh; lkSj lsyksa ds fy, i`"Bh; fuf"Ø;.k izØe dks fodflr djus ds ekeys esa mYys[kuh; izxfr 

dh xbZ gSA ih bZ lh oh Mh rFkk ,Q lh oh , izØeksa dk iz;ksx djds Si:H, DLC rFkk a:C ruq fQYeksa dks rS;kj djus ds 

{ks= esa vusd la'kks/ku fd, x, gSaA bu la'kks/ kuksa dk mi;ksx djds Vªkbcksyksftdy vkoj.kksa rFkk ruq ijr lkSj lsyksa ds 

fy, mUur izØe fodflr fd;k x;k gSA mUur dkcZfud izdk'koksYVh; ;qfDr;ksa ds fy, nhIr xzSQhu DokaVe fcanqvksa rFkk 

foy;'khy vfHky{kf.kr Qqyjhu ds iz;ksx dh laHkkouk Kkr dh xbZ rFkk blls lacaf/kr ifj.kkeksa dks vR;f/kd izfrf"Br 

i=&if=dkvksa esa izdkf'kr fd;k x;kA vlayXuh&fofue; izØe }kjk dkcZfud&vdkcZfud uSuks dEiksftVksa gsrq vkos'k 

varj.k ra= dks mUur cukus dh fn'kk esa dk;Z fd, x, gSA mUur rki oS|qr ;qfDr;ksa ds fy, fuEufoeh; fcLeFk VsY;qjkbM 

feJ/kkrqvksa dks fodflr djus dh fn'kk esa izxfr gkfly dh xbZ gSA dkcZfud izdk'k mRlthZ Mk;ksMksa esa izdk'k fu"d"kZ.k 

esa o`f) djus ds fy, uSuks&lafojfpr ijrksa dks iz;ksx esa yk;k x;k gSA GaN vk/kkfjr izdk'k mRlthZ Mk;ksM ;qfDr;ksa ds 

fy, vf/kjksgh ijrksa ds fodkl dk dk;Z Hkh vkjaHk fd;k x;k gSA mUur izdk'kh; ruq ijrksa ds :i esa iz;ksx esa yk, tkus 

dh laHkkouk dks /;ku esa j[krs gq, uSuks&lafojfpr ftad rFkk fVVSfu;e vkWDlkbM ijrksa dk vkfo"dkj fd;k x;k gSA 

lelkef;d oSKkfud {ks= esa fd, x, bu vkfo"dkjksa ls lacaf/kr vusd vuqla/kku ys[k vR;f/ kd izfrf"Br i=&if=dkvksa 

esa izdkf'kr fd, x, gSaA vusd izeq[k lqfo/kk,a ftuesa ls ,d lkSj lsyksa ds vfHky{k.ku gsrq] ,d vU; vYika'k okgd vk;q 

ds ekiu gsrq rFkk ,d vU; v/kZ&pkyd inkFkksZa ds xgu Lrj vYiLFkk;h LisDVªfedh gsrq laLFkkfir dh xbZ gSA
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Physics of Energy Harvesting

The division, Physics of energy harvesting comprises activities on organic photovoltaics and light 
emitting devices, inorganic light emitting diodes, amorphous and crystalline silicon solar cells, 
materials for thermoelectric devices and optical thin films. The activities under the CSIR  network 
projects on silicon and amorphous silicon solar cells (SIP17) and light emitting devices (NWP25) 
form the core of the division. During the year, drawing on the excellent research in organic 
electronic devices, several papers have been published in journals with very high impact factor. 
During the XII plan, Network Projects NWP54 and 55 under the TAPSUN program, the MNRE 
project on thin film solar cells GAP113532 and the INDO-UK collaborative program APEX are 
the major thrust activities.

Many important contributions to science and technology  were achieved during the current year. 
There has been significant progress on the development of novel anti reflection and surface 
passivation processes for  single crystal and multi-crystalline solar cells. Many improvements have 
been realized in the preparation of a-Si:H, DLC and a:C thin films using the PECVD and FCVA 
processes. These improvements have been converted into improved processes for tribological 
coatings and thin film solar cells. Use of luminous graphene quantum dots and soluble functionalized  
fullerenes for advanced organic photovoltaic devices has been investigated resulting in  publication 
in journals with very high impact factor. Enhancement in Charge Transfer Mechanism by Non-
Ligand-Exchange Process for organic-inorganic nano-composites  has been investigated. Progress 
has been achieved in the development of low dimensional bismuth telluride alloys for  advanced 
thermoelectric devices. Nano-structured films have been employed to enhance light extraction 
in organic light emitting diodes. Growth of epitaxial films for GaN  based LED devices has also 
been initiated. Nano-structured zinc and titanium oxide films have been investigated for possible 
use as advanced optical thin films. These results in contemporary scientific areas has resulted in a 
significant number of research publications in journals with high impact factors. Major facilities, 
one for the characterization of solar cells, one for measurement of minority carrier life times  and  
another for deep level transient spectroscopy of semiconducting materials have been setup.
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Silicon Solar Cells Group

Owing to its superior optical 
and structural properties 
titanium dioxide (TiO2) thin 
films have potential application 
as antireflection coatings on 
crystalline silicon solar cells. Sol–
gel method is an attractive route 
for the synthesis of such layers 
as they offer the advantage 
of producing metal oxides at 
fairly low temperatures with 
good reproducible optical 
and structural properties. 
Titanium di-isopropoxidebis 
(acetylacetonate), an organo-
metallic precursor, was 
synthesized which being less 
hygroscopic compared to other 
metal alkoxides is easy to 
use under ambient conditions. 
TiO2 layers were obtained 
after sintering at elevated 
temperatures. The effect of 
titanium content in the precursor, 
spin rate, sintering duration and 
temperature has been studied 
and their effect on coating 
thickness and optical properties 
was investigated in order to 
optimize process conditions.  
TiO2 coatings were applied to 

silicon solar cells that showed 
more than 20% enhancement 
in short circuit current density in 
comparison to a cell devoid of 
the TiO2 coating.

The surface passivation 
of crystalline silicon solar 
cell improves efficiency by 
suppressing the surface 
recombination losses that can 
be reduced either by chemical 
passivation or by field effect 
passivation. We have observed 
surface passivation (i.e., 
enhanced lifetime) by application 
of hydrogen annealed aluminum 
rich zinc oxide (AZO) films on 
p-Si. The feasibility of these 
films as passivation layer on the 
p-back surface of n+-p silicon 
solar cells and its usefulness as 
an antireflection coating on n+ 
front surface has been studied. 

Monocrystalline (c-Si) and 
multicrystalline (mc-Si) bifacial 
solar cells are made. AZO films 
of 20% Al/Zn ratio are applied 
on the front and back surface 
of the cells and annealed at 
500oC in hydrogen ambient. I-V 
and spectral response in both 
conditions are measured. The 
current densities in front and 
back illuminated conditions are 
enhanced due to antireflection 
properties of the AZO films. The 
observed improvement in open 
circuit voltage (Voc) was more than 
expected from the enhancement 
in Isc and the unaccounted 
excessive improvement in Voc 
could be attributed to surface 
passivation.

Dr S T Lakshmikumar
Chief Scientist
Email : lakshmikumar@nplindia.org

D 01.01  Silicon Solar Cells Group
Dr Parakram Kumar Singh
Dr Abdul Mobin
Dr Jeya Kumar Ramanujam
Ms Vandana
Sh Sanjay Kumar Srivastava
Dr P Prathap
Sh Mukul Sharma

D 01.02  a-Si:H and 
Microcrystalline Silicon Solar Cells
Dr Omvir Singh Panwar
Sh C M S Rauthan
Dr Sushil Kumar
Sh Chockalingam Sreekumar
Sh Kamlesh Patel
Dr S Sudhakar
Sh Jagdish Chand

D 01.03  Organic and Hybrid Solar 
Cells
Dr Suresh Chand
Dr (Ms) Kiran Jain
Sh Sudhanshu Dwivedi
Dr Shailesh Narayan Sharma
Dr Vinay Gupta
Sh Pankaj Kumar
Dr Chandra Kant Suman
Dr Rajiv Kr. Singh
Dr Gauri Datt Sharma

D 01.04  Thermoelectrics-Bulk, 
Nano and Thin Films
Dr T D Senguttuvan
Dr Praveen Kumar Siwach
Dr V K Hans

D 01.05  Organic and Inorganic 
LEDs
Dr S T Lakshmikumar
Dr S M Shivaprasad
Dr Amish G Joshi
Dr  Govind
Dr(Ms) Ritu Srivastava
Dr Senthil Kumar
Dr Mahesh Kumar
Dr Prabir Pal
Dr Sunil Singh Kushvaha
Dr Ajay Kumar Shukla
Sh Murari Lal Sharma

D 01.06  Optical Thin Films
Dr K M K Srivatsa
Dr Preetam Singh
Sh Tarun Kumar Chakraborty

 

Fig. 1.1 Reflectivity variation as a function 
of wavelength for different concentrations 
of titanium
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The effectiveness of surface 
passivation can be determined by 
the minority carrier lifetime which 
indeed is important to determine 
the bulk lifetime and is also used as 
a measure of process conditions. 
We have developed process 
protocols using ethanolic iodine 
(I-E) and bromine (B-E) solutions 
to reduce surface recombination 
velocity. Minority carrier lifetime 
was measured using microwave 
photoconductive decay method. 
A strong dependence of surface 
pre-conditioning had seen after 
I-E and B-E treatment. It was 
observed that, without native 
oxide samples show higher 
effective lifetime in case of I-E 
passivation as compared to with 
native oxide, which is just opposite 
of B-E passivation results. X-ray 
photoelectron spectroscopic 
measurements were carried out 
to understand its origin. XPS 
results of I-E passivated samples 
show twice Si-I bonding in Si 
core level spectra for the case of 
without native oxide compared 
to with native oxide, whereas B-E 
passivated samples show twice 
Si-Br bonding in Si core level 
spectra for with native oxide 
compared to without native 

oxide. It may be the cause of the 
observed minority carrier lifetime 
behaviour. Higher O-Br bonding 
in O core level spectra of B-E 
passivated samples with native 
oxide compared to without native 
oxide, confirms better surface 
passivation in with native oxide 
samples.

thin film has recently been paid 
much attention for the next 
generation of stable, large area 
and high-efficiency thin film 
solar cells. Although the material 
and the deposition process are 
compatible with the conventional 
hydrogenated amorphous silicon 
(a-Si:H) technology, there are 
still some issues unresolved 
regarding the optimization of 
the quality and growth rate 
combination of these films. The 
material properties around 
the a-Si:H / μc-Si:H growth 
transition is ideally known to 
be best for active layer of 
thin-film solar cell. The process 
parameters (pressure, power, 
flow rate, temperature and 
frequency) play an important 
role in achieving the better film 
properties in plasma enhanced 
chemical vapour deposition 
(PECVD) process. The advantage 
of very high frequency (VHF) 
PECVD is deposition of good 
quality films due to the reduction 
in ion energy bombardment 
during the growth at high rate.

Silicon thin films were deposited 
by variation of pressure, 
power, silane flow rate and 
argon dilution using VHF (60 
MHz) PECVD technique. These 
films were characterized by 
Raman spectroscopy, low angle 
X-ray diffraction (XRD), Fourier 
transform infrared (FTIR) 
spectroscopy, atomic force 
microscopy (AFM) and UV-visible 
(UV-Vis) spectroscopy  to see the 
effects of process parameters 

 

  

 

Fig. 1.2 IQE of front illuminated bifacial 
mc-Si solar cell at 25oC.

 

  Fig. 1.3 IQE of back illuminated bifacial 
mc-Si solar cell at 25oC

Fig. 1.4  XPS results

Amorphous & Micro-
crystalline Silicon Solar 
Cells Group

Silicon thin films by Very High 
Frequency-PECVD Process

Hydrogenated nano/micro-
crystalline silicon (nc/µc-Si:H) 
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DLC and modified DLC films as 
window layer for amorphous 
silicon (a-Si:H) based p-i-n solar 
cell has also been explored 
using theoretical simulation.  

In addition, efforts have also 
been made to prepare DLC and 
modified DLC based hard and 
super-hard coatings. The super-
hard and hard coatings realized 
by employing combination of 
various layers such as titanium/
DLC bilayer and multilayer 
structure, nitrogenated DLC, 
oxygen modified DLC, copper/
DLC bilayer structure and 
copper incorporated DLC films. 
The DLC deposition followed 
by oxygen plasma treatment 
performed for the improvement 
of the properties of DLC coating 
deposited on large area 
(size ~15 cm x 13 cm) glass 
substrate.

In case of plasma deposition, 
plasma parameters greatly 
influence the property of material. 
Hence, in order to use optimum 
parameters for growth of DLC 
and modified DLC films, plasma 
diagnostic by VI probe was also 
conducted. By this several plasma 
parameters are evaluated 
and further correlated with the 
properties of the material.

Carbon and silicon based 
thin films using filtered 
cathodic vacuum arc (FCVA) 
process  : R&D on undoped 
and doped amorphous carbon 
thin films having embedded 
nanocrystallites

size (~ 2nm) of these nc-Si:H 
thin films. Due to non-uniform 
distribution of grains and lower 
crystalline volume fraction of 
the films, Raman spectra shows 
broad peak centered around 
480 cm-1. A transition region from 
amorphous to nanocrystalline 
structure has been found by 
the variation of silane flow rate 
(5-30 sccm). Different crystalline 
volume fraction (22 % to 60 %, 
estimated from Raman spectra) 
and band gap (1.58 eV to 
1.96 eV) were achieved by the 
variation of silane concentration. 
The films deposited by the 
variation of argon concentration 
shows transition from amorphous 
to nanocrystalline in the argon 
concentration range of 82-87%. 
Films deposited below 82% of 
argon concentration showed 
lower dark conductivity values 
(10-10-10-9 Ω-1 cm-1) and high 
photosensitivity (>105).

Diamond like carbon thin films 
by RF PECVD process 

Electrical, optical and mechanical 
properties of diamond-
like carbon (DLC, a-C:H) 
and modified DLC (nitrogen 
incorporated DLC, a-C:N:H) thin 
films were deposited using radio 
frequency-plasma enhanced 
chemical vapour deposition (RF-
PECVD) have been explored.  
a-C:N:H/Si and a-C:H/Si 
hetrojunction diodes (rectifying 
circuits), metal (Ti and Cu)/Si/a-
C:H based multijunction devices 
etc. have also been explored. 
The possible application of 

on deposition rate, crystalline 
volume fraction, hydrogen 
bonding and morphology of Si:H  
thin films. Films were grown at 
different power from 5 W to 60 
W. The highest deposition rate 
~ 6 A0/Sec has been achieved 
for the film deposited at 20 
W power. All the films contain 
low crystalline volume fraction 
~20-30%. Further, mixed-
phase structures consisting of 
amorphous and nano-crystalline 
silicon were deposited in low 
pressure regime (0.10-0.62 
Torr) at high growth rate (at VHF 
power of 20 W). Growth rate 
8.3 A0/sec was achieved at a 
deposition pressure of 0.47 Torr. 
These films showed high dark 
conductivity values (>10-6 Ω-1 

cm-1). Stress of these nc/µc-Si:H 
films decreases as the deposition 
pressure increases which results 
micro-structural changes in the 
films that can be observed by 
the change in the microstructure 
parameter deduced from FTIR 
analysis. Deposition pressure 
strongly changed the shape of 
IR spectrum in the range 1900–
2200 cm–1. Samples deposited 
at 0.10 Torr and 0.17 Torr 
pressure, SiH stretching was 
predominant, while with further 
increase in pressure, the intensity 
of SiH2 stretching increases. The 
increase in SiH2 stretching may 
arise due to the small particle 
size of nc-Si:H thin films at 
these pressure which attribute 
to the greater extent of grain 
boundary region. HRTEM result 
confirms the lower crystallites 
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(i)	 The hydrogen and nitrogen 
incorporated amorphous 
carbon films having 
embedded nanocrystallites 
have been deposited 
using cathodic jet carbon 
arc (CJCA) techniques. 
The films deposited have 
been characterized by 
various measurements. XRD 
dominantly confirms the 
amorphous nature of the 
films deposited. Ultrafine 
nanocrystallites of 4-6 nm 
size may be of diamond 
are seen in HRTEM in a-C: N 
films which are surrounded 
by extensive amorphous 
region. In a-C: H films, the 
films microstructure was 
uniform with ultrafine grains 
distributed throughout the 
film. The grain size was 
measured between 8-25 
nm with the separation of 
diffused grain boundaries 
among each other. The effect 
of substrate bias on the 
microstructure, conductivity, 
activation energy, optical 
band gap, optical constants, 
residual stress, hardness, 
elastic modulus, plastic index 
parameter, percentage 
elastic recovery and density 
of states of a-C: N and 
a-C:H have been studied 
and the properties obtained 
are found to depend on the 
applied substrate bias. All 
the properties evaluated 
show a point of inflexion 
(maxima and minima) in the 
films deposited at -60 V 

substrate bias in both a-C: 
N and a-C: H films.

(ii) Undoped and nitrogen 
incorporated amorphous 
carbon films having 
embedded nanocrystallites 
have been deposited using 
filtered anodic jet carbon 
arc (FAJCA) techniques. 
The films deposited have 
been characterized by 
XRD, HRTEM, SEM, AFM, 
XPS, Raman, electrical 
conductivity, optical band 
gap, nanoindentation and 
field emission measurements 
and  the results obtained 
are being analyzed. 
XRD dominantly confirms 
the amorphous nature 
of the films deposited. 
HRTEM exhibits initially an 
amorphous structure but on 
closer examinations of the 
films the film was constituted 
of amorphous phase with 
the nanoparticle embedded 
in the amorphous matrix.

Filtered cathodic vacuum 
arc (FCVA) technique for 
the deposition of nitrogen 
incorporated amorphous/
microcrystalline silicon films  

An alternative technique of 
filtered cathodic vacuum arc 
(FCVA) has been used to deposit 
nitrogen doped amorphous / 
microcrystalline silicon films using 
nitrogen doped silicon ingot 
as cathode material. Various 
process parameters such as 
arc current, magnetic field and 
substrate temperature and 

effect of hydrogen incorporation 
have been attempted. The main 
advantage of this process is that 
no hazardous and toxic gases 
like phosphine and silane have 
been used in this process and this 
is a high deposition rate process.  
A growth rate of 10A°/s has 
been achieved using 100 A 
arc current. The films deposited 
have been characterized by the 
electrical conductivity, activation 
energy, optical band gap, 
XRD, EDAX, and SEM. The dark 
conductivity in the range 10-4-1 
ohm-1cm-1, activation energy from 
0.06-0.31 eV and band gap 
in the range 1.4-2.1 eV have 
been obtained  by varying the 
deposition temperature of the 
substrate in the range 30 - 375oC. 
Effort is being made (i) to make 
heterostructure by depositing 
n-type a-Si films on p- type  
Si wafer to judge the quality of 
the silicon films deposited and (ii) 
to deposit boron-doped a-Si/ 
/µ-Si silicon films using B-doped 
silicon ingot.

Organic and Hybrid 
Solar Cell group

R&D work was carried out on 
different aspect in organic and 
hybrid solar cell during 2011-
12. Fundamental and applied 
investigations were made in 
conjugated polymer, hybrid-
polymer inorganic nano-structure 
/ quantum dots, and tertiary 
(po lymer- fu l le rene-carbon 
nanotube) bulk hetrojunction 
solar cells, degradation, etc. 
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were obtained for 10 wt % 
ANI-GSs in P3HT.

Soluble functionalised 
fullerenes for photovoltaics

Two mono-adducts of fullerene 
C60 were synthesised using 
new aryl azides in good yields. 
These were characterized 
with spectroscopic techniques 
and then used to fabricate 
bulk heterojunction solar cells 
with P3HT. A photocurrent 
density of 3.89 mA/cm2, open 
circuit voltage of 0.53V and 
PCE of 0.89% for adduct I 
and photocurrent density of 
2.93mA/cm2, open-circuit 
voltage of 0.53V and PCE of 
0.71% for adduct II have been 
achieved as shown in Figure 1.6.

(2- ethylhexyloxy) -1, 4 
phenylenevinylene polymer 
results  in a significant 
improvement in the OPV 
characteristics as compared 
to GSs blended conjugated 
polymers. This work has 
implications for inexpensive and 
efficient solar cells as well as 
organic light emitting diodes. 
P3HT/ANI-GQD-based hybrid 
solar cells were fabricated by 
spin-casting a solution of 15 mg 
mL-1 P3HT in dichlorobenzene 
(DCB) with ANI-GQDs contents 
of 0.5, 1, 3, and 5 wt % (ratio 
to P3HT) onto indium tin oxide 
(ITO), coated with poly(ethylene 
dioxythiophene)-polystyrene 
sulfonic acid (PEDOT:PSS) 
conductive polymer, which acted 
as the bottom electrode. LiF and 
Al were then vacuum deposited 
as the top contact to form an 
OPV device have the structure 
ITO/PEDOT:PSS/P3HT:ANI-
GQDs/LiF/Al. For comparison, 
the solar cells of P3HT/ANI-GSs 
with ANI-GSs contents of 0.5, 1, 
3, 5, 10, and 15 wt % (ratio 
to P3HT) were also fabricated. 
The solar cell characteristics 
were measured under 100 mW 
AM 1.5G illumination. As shown 
in Figure 1.5. Maximum values 
of power conversion efficiency 
(PCE) = 1.14%, Voc= 0.61V, 
Jsc= 3.51m Acm-2 and FF = 0.53 
were obtained for 1 wt % ANI-
GQD in P3HT. In comparison, 
maximum values of PCE = 
0.65%, Voc = 0.88 V, Jsc = 2.65 
m A cm-2 , and a low FF = 0.28 

The focus of these investigations 
during the year was to  study 
the device physics and device 
development in existing fullerene 
based electron acceptors  as well 
as modified or new alternate 
acceptors in combination with 
conjugated polymers. Some 
important and significant 
contributions were made during 
the year as  mentioned below  in 
brief.

Luminescent Graphene 
Quantum Dots for Organic 
Photovoltaic Devices

Recent research in organic 
photovoltaics (OPV) is largely 
focused on developing low cost 
OPV materials such as graphene. 
However, graphene sheets (GSs) 
blended conjugated polymers 
are known to show inferior OPV 
characteristics as compared to 
fullerene adduct blended with 
conjugated polymer. We have 
found  that graphene quantum 
dots blended with regioregular 
poly (3-hexylthiophene -2, 
5-diyl) or poly (2-methoxy-5- 

 

 

Fig. 1.5 J-V characteristics of the 
photovoltaic devices based on ANI¬GQDs 
with different GQDs content and ANI-GS 
(under optimized condition) annealed at 
160 °C for 10 min, in AM 1.5G 100 mW 
illumination.

Fig. 1.6 I–V curve of P3HT:C60 adduct 
(1:1), measured at AM 1.5

Enhancement in Charge 
Transfer Mechanism by Non-
Ligand-Exchange Process 
for Colloidal Hybrid Organic 
(MEH-PPV): Inorganic (CdSe) 
Nanocomposites

In this work, the effect of 
surface modification of as-
synthesized oleylamine-capped 
spherical CdSe QDs of size (5-7 
nm) was investigated. The as 
prepared CdSe QDs are highly 
luminescent, monodispersive and 
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exhibit energy transfer effects 
upon their dispersion in MEH-
PPV polymer matrix. However, 
repetitive washing of CdSe QDs 
upon suitable chemical treatment 
leads to enhancement in charge 
transfer process as observed 
in their corresponding MEH-
PPV:CdSe nanocomposites. Here, 
no evidence of agglomeration 
effects and surface states were 
found. This enhancement in 
charge transfer is mainly due to 
the partial removal of oleylamine 
capping ligand as shown in Fig. 
1.7, which acts as a hindrance in 
the interaction between polymer 
and CdSe QDs. The importance 
of this study is that as-synthesized 
CdSe QDs shows effective 
energy transfer whereas after 
chemical treatment, it shows 
enhanced charge transfer 
mechanism which makes their 
corresponding nanocomposites 
useful for different applications 
in organic devices such as 
efficient electroluminescent 
(OLED) and photovoltaic (OPV) 
devices respectively. 

Effect of in-situ quantum dots, 
CNT’s and degradation studies

Besides this inorganic quantum 
dots such as CdS and CdSe, etc  
were grown in-situ with P3HT 
(rather than being dispersed 
in polymer matrix) and charge 
transport parameters were 
suitably modulated with 
incorporation of these quantum 
dots for improvement in the PCE. 
Also investigations have been 
carried out in exploring the π-π 
interaction between CNTs and 
conjugated network of polymer 
for modifying microstructural 
morphology (crystallinity) as well 
as photophysics (absorption) 
for development of polymer-
fullerene-carbon nanotube) bulk 
hetrojunction solar cells.  Further, 
investigations were carried on 
understanding the degradation 
in organic solar cells. 
Experiments were performed on 
ITO/PEDOT:PSS/P3HT:PCBM/
Al solar cells where photovoltaic 
response was studied with 
time in forward and reverse 
sweeps. The solar cell exhibited 
exponential degradation in 
efficiency and polarization 
effect due to degradation. This 
is an important observation in 
degraded organic solar cells.

Thermoelectric Materials 
Group

Bismuth telluride is a narrow 
band gap (0.15eV) layered 
semiconductor material having 
trigonal structure with high 
melting point (585oC), also it is a 

heaviest stable binary compound. 
These interesting properties 
attracted the researchers for its 
wide range of applications in the 
field of thermoelectric material 
used for power generation and 
refrigeration.

We are working on low 
Dimensional Bismuth telluride 
based alloys. It is of interest to us 
due to enhanced thermoelectric 
properties at room temperature 
as compared to their bulk 
counterparts. The performance 
of thermoelectric materials is 
a function of the dimensionless 
figure of merit, which is defined 
as ZT= a2sT/k, where a, s, k 
and T are the Seebeck coefficient, 
the electrical conductivity, 
the thermal conductivity and 
the absolute temperature 
respectively. The enhancement 
in the performance can be 
achieved by maximizing the 
Seebeck coefficient and electrical 
conductivity and minimizing the 
thermal conductivity. Interest 
in low dimensional material 
such as Quantum wells (2D), 
Quantumwires (1D), Quantum 
dots (0D) are due to 1) High 
surface density of states at the 
nanoscale, 2) Improvement of 
electronic properties via quantum 
effects. 3) Increased phonon 
scattering causing reduced 
lattice thermal conductivity. 

We are using different techniques 
such as Hydrothermal Synthesis 
(HS), Chemical Synthesis (CS), 
Microwave assisted flash 
combustion synthesis (MFCS). 

 

Fig. 1.7. FTIR spectra of CdSe QD’s  
(a) unwashed (as-synthesized) (b) one-
time washed (c) three-times washed.  
(i) & (ii) corresponds to UV photographs of 
unwashed and three-times washed CdSe 
QD’s.
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efficiency is the main limitation 
in the development of high 
efficiency OLEDs. A number of 
techniques have been employed 
to efficiently outcouple the light 
trapped inside the glass and 
ITO. Some of these methods 
have been very successful, such 
as surface roughening and the 
use of microlenses and shaped 
substrates and the incorporation 
of textured surfaces, 
microcavities, surface plasmons, 
ordered structures or photonic 
crystals and a low refractive 
index silica aerogel layer. But 
most of the afore mentioned 
techniques incorporated inside 
the device, such as microcavities, 
surface plasmons and photonic 
crystals, though found to be very 
effective, require expensive 
fabrication techniques. OLEDs are 
meant for large area display and 
illumination. It is very expensive 
to fabricate microstructure and 
photonic crystals for a large 
area. Hence a low cost method 
is required that can outcouple 
the trapped light in ITO/ 
organic and ITO/glass interfaces 
effectively and that is capable of 
producing direction independent 
and uniform light outcoupling. 
We have demonstrated the use 
of a nanostructured film of ITO 
(NSITO) grown by the glancing 
angle deposition technique to 
efficiently outcouple the light 
trapped inside the ITO and 
organic layer.

We have fabricated 
nanostructured films of ITO 

Electrons and holes then traverse 
through the electron transport 
and the hole transport layer, 
respectively, and form a bound 
pair (exciton) in an emissive layer. 
This bound pair then decays 
radiatively to produce a photon. 
The emitted photon has then to 
cross several organic layers, an 
anode, and a glass substrate 
to escape from this structure. 
The external quantum efficiency 
of an OLED is the product of 
internal quantum efficiency and 
outcoupling efficiency. OLEDs 
with phosphorescent emitters are 
now operating with almost 100% 
internal quantum efficiency . 
However, major fraction of light 
generated inside the emissive 
layer is trapped in the organic, 
ITO and glass substrate due to a 
large refractive index difference 
between these layers. According 
to the classical ray optics, 
only 20% of generated light 
escapes from the OLED, while 
the remaining 80% of light is 
trapped inside the structure as 
waveguided modes in organic 
and ITO layers and substrate 
modes and emitted from the 
edges. This low outcoupling 

Figure 1.8 shows the X-ray 
diffraction pattern of MFCS 
samples.

Organic and inorganic 
LEDs Group

Enhancement of light 
extraction efficiency of organic 
light emitting diodes using 
nanostructure indium tin oxide

Organic light emitting diodes 
(OLEDs) have attracted great 
attention due to their potential 
applications in full color displays 
and solid state lighting. Typically 
an OLED consists of a glass 
substrate, a transparent indium 
tin oxide (ITO) anode, organic 
layers, and a reflective cathode. 
In an OLED, electrons and holes 
are injected from a cathode 
and an anode, respectively. 
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Fig. 1.8 X-ray diffraction patters of MFCS 
sample

Fig. 1.9a SEM image of the ITO films grown 
at a glancing angle 85°

Fig. 1.9b Current density-luminescence 
characteristics for OLED with NSITO film 
and reference OLED
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(Fig. 1.9a) by using glancing angle 
deposition technique at an angle 
of 85o from that of substrate 
normal. Conducting ITO films were 
grown on the NSITO films and 
these films were characterized 
for transparency. Transparency 
has been found to increase with 
incorporation of NSITO films in 
between glass and conducting 
ITO films. Sheet resistance of 
conducting ITO films was found 
to be 80±5 Ω/. Hole injection 
properties of the conducting 
ITO films were checked and 
found to be almost unaffected 
with the incorporation of NSITO 
films. OLEDs with the NSITO 
films inserted between glass 
and conducting ITO were found 
to have enhanced outcoupling 
efficiency in comparison to the 
reference OLED. About 1.8 times 

enhancement has been observed 
with the insertion of NSITO films 
between glass and conducting 
ITO (Fig. 1.9b) without introducing 
any detrimental effects to current 
density inside the device and to 
emission spectra of the OLED. 
Electroluminescence spectrum 
at various viewing angles was 
found to be unchanged and 
the technique was found to be 
direction independent unlike the 
other techniques for outcoupling 
efficiency enhancement.

Inorganic LEDs

The growth of Gallium nitride 
has been performed on newly 
established RIBER-Molecular 
Beam Epitaxy machine at CSIR-
National Physical Laboratory. 
The growth of GaN has been 
carried out on a commercially 
purchased MOCVD grown GaN 
epi-layer on a single crystalline 
C-Sapphire (0001) substrate. By 
optimizing the growth parameters 
and under the control flux of 
Gallium metal & nitrogen plasma 
source, high quality GaN material 
was grown on 2-inch substrate. 
The photoluminescence (PL) 
experiments of 1.2μm thick GaN 
film on GaN/c-Sapphire were 
carried out on Nanometrics, RPM. 
A 325.5nm excitation source was 
used to record the PL data. PL 
data shows an emission peak at 
362.2nm corresponding to GaN 
while a broad peak centered 
at 565nm related yellow band 
emission.  Photoluminescence 
mapping on the 2-inch substrate 
confirms the emission at 362.2nm 

(SD 4.607nm, 1.27%) from the 
entire wafer with an average 
peak intensity 10mV and average 
FWHM ~ 4.9nm. The PL mapping 
data shows the uniformity of 
better than ±2%.

Optical Thin Film group

ZnO nanostructures have been 
grown by thermal CVD technique 
by using thermal evaporation of 
Zn powder in oxygen ambient 
on different substrates under 
various growth parameters. 
Various ZnO morphologies have 
been observed by SEM viz. 
self aligned rods in the form 
of cellular network,  branched 
patterns etc. The X-ray diffraction 
has confirmed the crystallinity 
and hexagonally faceted ZnO 
(wurtzite). The PL studies show 
high quality ZnO nanostructures.  
However, it has been observed 
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Fig. 1.10 HR-XRD experiments were 
performed using “PANALYTICAL XRD” with 
CuKα1 on epitaxial GaN grown on 2” 
epi-layer/sapphire confirms the epitaxial 
growth with FWHM 291.5 arc Sec and 
21.96 arc sec as function of omega Ω and 
Ω2θ theta, respectively.

 

 

Fig. 1.11 PL data shows an emission peak  
at 362.2 nm and Photoluminescence 
mapping 
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Fig. 1.12 SEM images of self-assembled ZnO rods network grown on Si (100) substrate 
measured at different magnifications: (a) 200 X, (b) 1 KX, (c) 10 KX and (d) 30 KX.

Fig. 1.14 SEM micrographs of as-deposited anatase titania synthesized by PECVD at room 
temperature and with DC bias of −150 V: (a) clusters of nanocrystals at 30 Pa (0.3 mbar), 
(b) nanorods at 50 Pa (0.5 mbar), (c) nanoparticles at 80 Pa (0.8 mbar), (d) comb-like 
structure at 100 Pa (1 mbar)

Fig. 1.13. SEM images of ZnO nanonails 
(Sample C), grown on sapphire substrate 
at 700°C with 1.0 SLPM O2 gas flow, 
measured at different magnifications (a) 5 
KX, (b) 30 KX, and (c) 100 KX

I-V measurement system

that the admittance temperature 
of oxygen has great effect on 
the quality of nanostructures.  

It is for the first time that various 
titania nanostructures have been 
observed by PECVD technique 

at room temperature, simply by 
changing the substrate bias and 
the deposition pressure.  The 
X-ray diffraction studies has 
confirmed the crystallinity and 
phase as anatase titania.

Major facilities established :

1.	 I-V measurement system: 
Capability of measuring I-V 
characteristics of cell size 
ranging from 2x2 to 20x20 
cm2 under AM1.5 condition.
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2.	 Minority carrier lifetime 
measurement system with 
Suns-Voc stage: Capable 
of measuring minority 
carrier lifetime in micro- to 
millisecond range and I-V 
characteristics of diffused 
wafers (without considering 
series resistance effect).

3.	 Deep Level Transient 
Spectrometer ( DLTS)

	 For the study of deep level 
traps in thin films a Deep 
level Transient spectrometer 
(DLTS), SULA Tech. (USA) 
make, has been procured.   
The system contains all the 
basic modes of  operation 
including Optical DLTS.  
It has MMR (USA) make 
probe station with 4 probe 
manipulators and a cryo 
system (Joule-Thomson 

Minority carrier lifetime measurement system with Suns-Voc stage

Deep Level Transient Spectrometer ( DLTS)

Refrigerator) to carry out 
DLTS measurements in the 
temperature range 80K – 
730K.  Its four correlators 
allow measurements for 8 
differenet rate-windows 
in a complete temperature 

cycle (during waming up 
and cooling cycles).  There 
is also a provision to apply  
fast pulses externally to 
distinguish slow and fast 
traps.

� 
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inkFkZ HkkSfrdh ,oa bathfu;fjax
inkFkZ HkkSfrdh ,oa bathfu;fjax izHkkx dk dk;Z{ks= eq[; :i ls cgqyd ,oa e`nq inkFkksZa] dkcZu dh HkkSfrdh ,oa bathfu;fjax] 
lanhfIr'khy inkFkksZa] cgq&ykSg ,oa pqacdh; inkFkksZa ,oa tSo&vkf.od ;a=hdj.k] izdk'kh; ruq ijrksa ,oa fljSfed ,oa /kkrqvksa 
rFkk feJ/kkrqvksa ls lacaf/kr gSA bl izHkkx dk mís'; mi;qZDr {ks=ksa esa vo;oksa] ;qfDr;ksa] laosndksa vkSj iz.kkfy;ksa gsrq inkFkksZa] 
izØe vkSj izkS|ksfxfd;ksa dks fodflr djuk gSA bl izHkkx }kjk fd, x, izeq[k vuqla/kku ,oa fodkl fØ;kdykiksa esa 
vkS|ksfxd rFkk dk;Zuhfrd egÙo dh ok;q&vkdk'kh; /kkfRod ;qfDr;ksa] u, dkcZu mRiknksa] rFkk vusd izdkj ds lqpkyd 
cgqydksa vkSj tSo&laosndksa dks fodflr djuk 'kkfey gSA bl izHkkx ds izR;sd lewg }kjk fd, x, vuqla/kku dk;ksZa dk 
lkjka'k uhps fn;k x;k gS% 

cgqyd vkSj e`nq inkFkZ

nzo fØLVyksa tSls e`nq inkFkksZa] tSo&ekdZjksa gsrq lw{e pSuyksa ds fy, QksVksfyFkksxzkQh] oSusfM;e vkWDlkbM ds la'ys"k.k gsrq 
lkWy&tsy izØe] rFkk cgqyd&Qsfjd vkWDlkbM lfEeJ rS;kj djus ds fy, xfrd v/;;u fd, tk jgs gSaA fofHkUu 
vuqiz;ksxksa gsrq muds xq.kksa esa lao/kZu ds fy, fofHkUu izdkj ds vfr lw{e d.kksa dk iz;ksx fd;k tk jgk gSA

dkcZu dh HkkSfrdh vkSj bathfu;fjax 

dkcZu dh HkkSfrdh vkSj bathfu;fjax vuqHkkx ÅtkZ rFkk lajpukRed vuqiz;ksxksa gsrq O;kid jsat ds mUur dkcZu inkFkksZa ds 
vuqla/kku vkSj fodkl ls lacaf/kr dk;Z dj jgk gSA ;s gSa% dkcZu uSuks V~;wc] mudk la'ys"k.k rFkk lfEeJksa] dkcZu&dkcZu 
lfEeJksa] dkcZu vkSj cksjksu ukbVªkbM uSuks V~;wcksa esa mudk iz;ksx rFkk /kkrq&eSfVªDl lfEeJksa] xzSQhu vkSj bysDVªksLiu uSuks 
Qkbcjksa] mUur lfEeJ f}&/kqzoh; IysVksa rFkk lja/kz pkyd dkcZu isij dk iksfyej bysDVªksykbV esEczsu ¼ih bZ ,e½ bZa/ku 
lsy esa iz;ksx ds fy, fodkl esa mudk iz;ksxA

lanhfIr'khy inkFkZ vkSj ;qfDr lewg

;g lewg lkSj lsyksa ds fy, laof/kZr vi&duotZu lanhfIr n{krk ;qDr uSuks QkLQj dks fodflr djus ds dk;Z esa layXu 
gSA orZeku esa bl lewg }kjk izn'kZ ;qfDr;ksa gsrq laof/kZr uhy lanhfIr gsrq Mksfir uSuks fØLVyksa vkSj DokUVe MkWVksa] lkSj 
LisDVªe vk'kks/ku gsrq ØksM+&dop uSuks QkLQj izdk'k mRlthZ Mk;ksMksa ds fy, uo uSuks QkLQj] tSo&lac) vuqiz;ksxksa gsrq 
lanhfIr'khy vkSj pqacdh; [kks[kys ØksM+ ;qDr uSuks QkLQj ds la'ys"k.k ij fo'ks"k :i ls /;ku fn;k tk jgk gSA

tSo&vkf.od ;a=hdj.k

tSo&vkf.od bysDVªkWfuDl ls lac) Mh ,l Vh dsanz ,sls vusd tSo&laosndksa dks fodflr djus dh fn'kk esa lfØ; :i ls 
dk;Z dj jgk gS] ftudk iz;ksx bfPNr ijh{k.k izn'kksZa esa dkWysLVsjksy] fuEu ?kuRo ;qDr ykbiks izksVhu] Vªkb XykblsjkbM~l] 
Xywdksl] ;wfj;k] jksxtudksa ¼bZ&dksykbZ] ,e V~;wcjdqyksfll] ukbfljh;k xuksfj;k½] [kk| inkFkksZa esa ekStwn fo"kkDr inkFkksZa 
vkSj uk'khtho ekjd jlk;uksa tSls fofHkUu la?kVdksa dk vkdyu djus ds fy, fd;k tk ldrk gSA

/kkrq ,oa feJ/kkrq lewg

bl o"kZ tujy eksVlZ }kjk ÞeSfXuf'k;e&nqyZHk e`nk feJ/kkrq ds mR[kuu ds nkSjku iqu% fØLVyhdj.k rFkk d.k ifj'kks/
ku ra= ls voxr gksukß fo"k; ij izk;ksftr ;kstuk dks lQyrkiwoZd iwjk dj fy;k x;k rFkk blds lHkh bfPNr mís';ksa 
dh miyfC/k gqbZA nks pkyw usVodZ ifj;kstukvksa ij dk;Z tkjh jgk rFkk fof'k"V ifj.kkeksa dks izkIr djus dh fn'kk esa 
mYys[kuh; izxfr gqbZA o"kZ ds nkSjku vfr lw{e la?kVu ;qDr rki bysfDVªd inkFkksZa vkSj ;qfDr;ksa ds fodkl rFkk vfr 
lw{e la?kVu ;qDr LFkk;h pqacdh; inkFkksZa ds fodkl fo"k; ij bl lewg }kjk nks u, vuqla/kku fØ;kdyki 'kq: fd, x,A 
usVodZ ifj;kstuk ds varxZr LikdZ IykTek flUVju uked ,d u;k midj.k laLFkkfir fd;k x;kA
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Materials Physics and Engineering

Materials Physics and Engineering
The Division of Materials Physics and Engineering mainly comprises of Polymer and Soft Materials, 
Physics and Engineering of Carbon, Luminescent Materials, Multiferrites and Magnetics, Biomolecular 
Instrumentation, Optical Thin Films & Ceramics and Metals & Alloys Groups. The objective of this division 
is to develop materials, processes and technologies for components, devices, sensors and systems in the 
above mentioned areas. The R&D output of this division includes the development of aerospace metallic 
devices, new carbon products which hold industrial and strategic importance, and a variety of conducting 
polymers & biosensors. The summary of the research work carried out by each group is as follows:

Polymer and Soft Materials

The dynamic studies of soft materials like liquid crystals, photolithography for micro-channels for bio-
makers, sol-gel process for synthesis of vanadium oxide and conducting polymer-Fe2O3 composite 
is being carried out. Various kinds of nanoparticles are being used to enhance their properties for 
different applications.

Physics and Engineering of Carbon

The Physics and Engineering of Carbon section is engaged in the research & development of a 
wide range of advanced carbon materials for energy and structural applications. These are carbon 
nonotubes, their synthesis and application in composites, carbon-carbon composites, carbon and boron 
nitride nanotubes and their application in the development of metal-matrix composites, graphene and 
electrospun nanofibers, advanced composite bipolar plates and porous conducting carbon paper for 
application in Polymer Electrolyte Membrane (PEM) fuel cell.

Luminescent Materials and Devices Group

This group is engaged in the development of nanophosphors with enhanced up-conversion luminescence 
efficiency for solar cells. Synthesis of doped nanocrystals and quantum dots for enhanced blue 
luminescence for display devices, core-shell nanophosphors for solar spectrum modification, novel 
nanophosphors for LEDs, luminescent and magnetic hollow core nanophosphors for bio-related 
applications are the current thrust of the group.

Biomolecular Instrumentation

The DST Centre on Biomolecular Electronics has been actively engaged towards the development of 
various biosensors that can be utilized for estimation of various analytes like cholesterol, low density 
lipo protein, triglyceride, glucose, urea, pathogens (E.Coli, M.tuberculosis, Neisseria ghonorhea), food 
toxins and pesticides in desired test specimens.

Metals & Alloys Group

This year the General Motors sponsored project, entitled "Understanding the mechanism of 
recrystallization and grain refinement during extrusion of Magnesium-Rare Earth alloys" was 
successfully completed achieving all the desired objectives. Work was continued on the two on-going 
Network projects and significant progress made in achieving the specified deliverables. Two new 
research activities were initiated in the group during the year on the development of nanocomposite 
thermoelectric materials & devices and development of nanocomposite permanent magnet material. A 
new equipment, namely, Spark Plasma Sintering was installed under the network project.
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electric field which could lead to 
polar surface interactions and 
thus anchoring energy and driving 
voltage could be changed. These 
ions may cause grey-level shift, 
image sticking and slow response 
time of the LC device. We at 
CSIR-NPL planned to minimize 
the ionic effects in liquid crystals 
for the first time by employing 
porous alumina nanoparticles. 
The suppression of ionic effects 
of FLC materials doped with 
alumina nanoparticles (AL-NPs) 
has been carried out at NPL. The 
effect of AL-NPs doping has been 
analyzed by means of dielectric 
spectroscopy and resistivity/
conductivity measurements. 
We found that the defect sites 
existing over the surfaces of AL-
NPs have adsorbed the undesired 
ionic impurities present in FLCs. 
Dielectric loss spectra of AL-NPs 

Polymeric and Soft 
Materials

Liquid Crystals

Display devices based on liquid 
crystal (LC) materials have been 
in great demand for last few 
decades due to their advantages 
over other display devices. 
The LC materials have been 
employed in various switchable 
electro-optic devices due to their 
essential anisotropic (optical and 
dielectric) behaviour. The majority 
of the display and non-display 
devices realized have been 
based on nematic LCs. Recently, 
various interesting electro-optical 
properties such as good optical 
contrast, low threshold voltage, 
memory effect, fast response of 
ferroelectric liquid crystals (FLCs) 
have attracted a great deal 
of attention of the researchers 
in the world. The incorporation 
of nanomaterials such as 
carbon nanotubes, zinc oxide 
nanoparticles and gold nano-
particles in FLCs have further 
improved their electro-optical 
properties in the form of faster 
response, low threshold and 
non-volatile memory. However, 
the presence of undesired ionic 
impurities in LC materials is still a 
major challenge to be taken care 
of as these impurities can cause 
the degradation of the display 
devices based on these materials. 
These impurities enter within LCs 
either through the atmosphere or 
alignment layer or during their 
synthesis. Ions within LCs generate 

Fig. 2.1: Polarizing micrographs showing 
the bright and dark states of 1 wt % AL-
NPs of different size (a), (b) for 4-7 nm; 
(c), (d) for 20-30 nm and (e), (f) for 30-
50 nm doped KCFLC 7S material at room 
temperature (RT).
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doped FLC cells clearly reflected 
the suppression of ionic effects in 
the form of disappearance of low 
frequency relaxation, generally 
caused by ions. The FLC material, 
KCFLC 7S, has been used in the 
present study. Highly conducting 
ITO coated glass plates were 
used to fabricate the LC sample 
cells. The FLC material was then 
filled into the sample cell by 
means of capillary action at 
above the isotropic temperature 
to ensure the proper filling. The 
cells then cooled gradually to 
room temperature.

The effect of AL-NPs of various 
sizes on the alignment of FLCs 
was analyzed by observing 
the optical micrographs of the 
pure and AL-NPs doped KCFLC 
7S cells. Figure 2.1  shows the 
optical micrographs of the bright 
and dark states of 1 wt % AL-
NPs (of different sizes) doped 
KCFLC 7S material. The presence 
of AL-NPs in the FLC material 
can be clearly seen from the 
micrographs of dark states in the 
form of light scattering centers 
[Fig. 2.1 (b), (d) and (f)]. We 
found that the doping of 1 wt % 
of AL-NPs in the size range 4-30 
nm did not perturb the alignment 
of FLC material much. However, 
on increasing the size (> 30 nm) 
of AL-NPs, the alignment of FLC 
material was degraded which 
can be seen in the form of large 
aggregates [Fig. 2.1 (e) and (f)]. 
As AL-NPs in the size range 20-
30 nm did not perturb the FLC 
alignment remarkably, we carried 

out further studies on KCFLC 7S/
AL-NPs composites by doping 
1 wt % AL-NPs of size 20-30 
nm. The effect of AL-NPs on the 
dielectric relaxation processes 
was analyzed by observing 
the behaviour of pure and AL-
NPs doped KCFLC 7S cells. The 
effect of doping concentration 
of AL-NPs on their adsorption 
capability have been observed 
by varying the concentration of  
20-30 nm AL-NPs into KCFLC 7S 
material from 0.5 to 3 wt %. We 

found that 1 wt % AL-NPs with 
20-30 nm size range is suitable 
to effectively suppress the ionic 
contributions of FLC material. It 
is noticeable that the presence 
of AL-NPs did not affect the 
behaviour of GM and SmC*-
SmA* transition temperature of 
KCFLC 7S material. The effect of 
dc bias field on the low frequency 
mode was also observed by 
applying different dc biases 
across the cells [Fig. 2.2]. The low 
frequency peak has been shifted 
towards low frequency side by 
applying dc bias.

We calculated and plotted the 
electrical conductivity of pure 
and 1 wt % AL-NPs doped 
KCFLC 7S materials [Fig.2.3]. It 
is clear from the figure that the 
value of s was increased with 
increase in temperature for both 
pure and doped materials. In 
case of AL-NPs doped KCFLC 7S 
material [Fig. 2.3 (b)], the value 
of s was significantly reduced. 
For instance, at 50°C and 60 Hz 
frequency, its value was 46 S/m 
for pure KCFLC 7S [Fig. 2.3 (a)] 
while for AL-NPs doped KCFLC 7S 
material it reduced to 19.6 S/m 
[Fig. 2.3 (b)]. It can be concluded 
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Fig. 2.2: Behaviour of low frequency 
relaxation peak of (a) pure and (b) 1 wt 
% AL-NPs of size 20-30 nm doped KCFLC 
7S material on the application of different 
dc biases at room temperature.

Fig. 2.3: Behaviour of electrical conductivity (s) with frequency of pure (a) and 1 wt % AL-
NPs (b) of size 20-30 nm doped KCFLC 7S  material respectively.
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atomic force microscopy (AFM) 
and electrochemical techniques. 
The modified film showed good 
biocompatibility with efficient 
binding to protein antibody 
(aCRP-Ab) molecules through 
ZnS nanocrystals, exhibited 
an attractive platform for 
immunosensor fabrication. The 
modified electrode, as prepared, 
was tested as an impedance 
immunosensor with different 
concentration of protein antigen, 
aCRP-Ag in aqueous solution. 
It was found that with each 
successive addition of the aliquots 
of different concentration of 
aCRP-Ag in a sample solution 
increases the diameter of Nyquist 
circle, indicating increased 
electron transfer resistance of 
immunosensor [Figure 2.4(a)]. 
This is due to the protein 
antibody-antigen coupling at 
the immunosensor surface, which 
acts as a kinetic barrier for the 
electron transfer. This is more 
pronounced in the Bode diagram 
[inset of Fig. 2.4(a)], which shows 
an increasing trend in both 

infarction (AMI). It is classified 
as a characteristic acute phase 
reactant in human serum and a 
classic marker of inflammation. 
CRP level of more than 3.0 mg L-1 
in blood is an indication of a high 
risk of cardiovascular disease 
(CVD). We have recently reported 
a simple and direct one step 
procedure for the electrochemical 
synthesis of 3-Mercaptopropionic 
acid (MPA) capped ZnS modified 
PPy nanocomposite film on to the 
surface of Indium tin oxide (ITO) 
coated glass plate (ZnS(MPA)-
PPy/ITO-glass plate). The small-
sized ZnS nanocrystals with free 
carboxyl groups from MPA on its 
surface provided more binding 
sites for covalent immobilization 
of protein antibody in the polymer 
nanocomposite film, making this 
an excellent choice as transducer 
material, for the design of 
electrochemical impedimetric 
immunosensor for the detection 
of C-reactive protein (CRP). 
The ZnS-PPy composite film was 
characterized by transmission 
electron microscopy (TEM), 

that doping of 1 wt % AL-NPs of 
20-30 nm size range is suitable 
to effectively suppress the ionic 
contributions of FLC material. 
The study will certainly provide 
an effective tool to remove the 
undesired ionic impurities present 
in the FLC mixtures.

Recognition

•	 Article, "Enhancing the 
photoluminescence of 
ferroelectric liquid crystal 
by doping with ZnS quantum 
dots," published in Applied 
Physics Letters vol. 100, p.p. 
134101 (2012), has been 
selected for the April 9, 
2012 vol. 25, issue 15 of 
Virtual Journal of Nanoscale 
Science & Technology.

•	 Article, “Alumina 
nanoparticles find an 
application to reduce the 
ionic effects of ferroelectric 
liquid crystal”, published in 
J. Phys. D: Appl. Phys. vol. 44 
p.p. 315404-1-315404-7 
(2011) has been selected as 
Research Highlight entitled 
“Smarter Liquid-Crystal 
Display” in Nature India, 23 
August 2011.

Electrochemical impidimetric 
technique for the detection of 
cardiac biomarkers

Cardiac biomarkers are the 
molecules that are released into 
the blood when there is some 
damage to the heart. C-reactive 
protein (CRP) is a 118 kD protein 
that is produced in the liver during 
episodes of acute myocardial 

 

Fig. 2.4: (a) Nyquist diagrams for CRP-Ab/ZnS(MPA)-PPy/ITO-glass prepared at 250 mC 
cm-1 injected charge density with different concentration of CRP-Ag in aqueous solution, 
inset: Bode plots of the corresponding immunoreaction; (b) Concentration dependence 
calibration curve for CRP-Ab/ZnS(MPA)/PPy/ITO-glass immunosensor towards CRP-Ag 
detection.
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impedance module and phase 
angle on increasing antibody-
antigen coupling at the electrode 
surface. Figure 2.4(b) showed a 
linear relationship between the 
electron-transfer resistance and 
logarithmic value of aCRP-Ag 
concentration in the range of 
10 ng mL-1 to 10 µg mL-1 with 
correlation coefficients of 0.993 
and 0.998 for immunosensor 
with polymer composite films 
prepared at injected charge 
densities of 250 and 1000 mC 
cm-2, respectively. The above 
linear range of CRP detection is 
wide enough to cover the whole 
range of relative risk categories: 
low risk (<1 µg mL-1), average 
risk (1–3 µg mL-1) and high risk 
(>3 µg mL-1) for patients with an 
intermediate 10-year CVD risk.

Conducting Polymers Group

Reduced graphene oxide/y-
Fe2O3/carbon fiber sandwich 
for excellent electromagnetic 
interference shielding in the 
X-band

Composite sheet consisting of 
a reduced graphene oxide 
(RGO)/y-Fe2O3 carbon fiber 
sandwich has been produced by 
compression molding. Its electrical 
conductivity lies in the range 
0.48–171.21 S/cm. Transmission 
and scanning electron microscopy 
observations confirm the presence 
of nano particles of y-Fe2O3 
(~9.8 nm) and carbon fiber 
(~1 mm) which gives flexural 
strength to the RGO sandwich. 
Thermogravimetric analysis show 

that the thermal stability of the 
RGO sandwich depends upon 
the amount of RGO and phenol 
resin in the sandwich. Complex 
parameters, i.e., permittivity 
(e*=e´-ie˝) and permeability 
(μ*=μ´-iμ˝) of RGO/y-Fe2O3/
carbon fiber have been 
calculated from experimental 
scattering parameters (S11 & 
S21) using theoretical calculations 
given in Nicholson–Ross and 
Weir algorithms. The microwave 
absorption properties of the 
paper have been studied in 
the 8.2-12.4GHz (X–Band) 
frequency range. The maximum 
shielding effectiveness observed 
is 45.26 dB, which strongly 
depends on dielectric loss and 
volume fraction of y-Fe2O3 in 
RGO matrix.

RGO has been incorporated 
with varying amount of y-Fe2O3 
to make a sandwich along with 
carbon fiber and its effect on 
mechanical, electrical and the 
EMI shielding properties have 

been investigated. Carbon fibers 
have been used to strengthen 
the sandwich. Also, the effect 
of varying phenol resin on 
the electrical and mechanical 
properties has been studied. The 
vibrating sample magnetometer 
(VSM) study of paper with 
different amounts of y-Fe2O3 
has been carried out to find 
their magnetic induction and 
hence its effect on EMI shielding 
absorption. The sandwich paper 
having thickness 0.2-0.4 mm has 
shown high value of shielding 
effectiveness ranging from 16.98 
to 42.83dB (~99.99%) in the 
microwave range (X-band).

Scanning electron microscopy 
(SEM) was carried out to 
determine the distribution of RGO 
or RGO platelets and carbon 
fibers in the sandwich. The RGO 
particle size is seen up to few 
nanometers as shown in Fig. 2.5 
(b). Determination of thickness 
of RGO platelets is considered 
difficult by SEM. Figure 2.5(c) 

Fig. 2.5: (a) Schematic representation of preparation of RGO sandwich containing different 
wt % of y-Fe2O3 nanoparticles using phenol resin in the organic medium (b) SEM images 
of RGO and (c) RGO/y-Fe2O3 sheet having 1% carbon fiber and 50 wt% of phenol resin 
showing the pullouts of carbon fibers and the fracture surface of sheet.
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shielding effectiveness compared 
to pristine cement. The resulting 
nanocomposites have shown  
Shore hardness of 54 and dc 
conductivity of 10.40 S cm–1. 
SEM reveals the homogeneous 
dispersion of graphene oxide and 
ferrofluid in the cement matrix.

Figure 2.7 shows the variation of 
SEA and SER with frequency in 
the 8.2–12.4 GHz range. From 
the experimental measurements, 
the shielding effectiveness due to 
absorption (SEA) has been found 
to vary from 10 to 40 dB with 
increase in the GO content while 
SER varies from 11 to 2 dB for the 
same increase. Thus, the total SET 
achieved for the cement–GO–
FF composite is 46 dB (cfg30) 
which is much higher than for 
the pristine cement. It has been 

It has been observed that for 
conducting RGO/y-Fe2O3 sheet, 
SE is mainly dominated by 
absorption while the shielding 
effectiveness due to reflection 
(SER) is constant and contributes 
comparatively little. To further 
investigate the reasons behind 
the observed increase in SE, 
the electromagnetic attributes 
(complex permittivity and 
permeability) have also been 
evaluated.

Graphene oxide–ferrofluid–
cement nanocomposites were 
also designed to evaluate the 
electromagnetic interference 
(EMI) shielding effectiveness (SE) 
in the 8.2–12.4 GHz frequency 
range. It has been observed  
that incorporation of graphene 
oxide along with an appropriate 
amount of ferrofluid in the cement 
matrix leads to a shielding 
effectiveness of 46 dB (>99% 
attenuation). The presence of 
graphene oxide and ferrofluid 
in the cement leads to strong 
polarizations and magnetic losses 
that consequently result in higher 

shows the fracture surface of 
paper where pullouts of carbon 
fibers can be easily seen. The 
arrows show the distribution of 
nanoparticles of y-Fe2O3 on the 
upper surface of RGO in the 
sandwich. It is well known that the 
back scattered electrons image 
provides information on the 
composition of the sample. The 
bright areas represent the areas 
of Fe and the dark areas are C 
and hence it can be concluded 
that the Fe2O3 disperse on RGO 
surface having some spacing 
between them.

Figure 2.6 shows the variation 
of the SE with frequency in the 
8.2-12.4 GHz range. From the 
experimental measurement, the 
shielding effectiveness due to 
absorption (SEA) has been found 
to vary from 9.14–33 dB with 
decrease in the y-Fe2O3 content 
while the SER varies from 11 to 
7.66 dB for the same. Thus, the 
total SE achieved for the GF 
sandwich is 42.83dB (GFR31) 
which is much higher than the 
pristine RGO sheet (GFR10). 

 

Fig. 2.6: Variation in EMI SE of sandwich consisting RGO/y-Fe2O3/carbon fiber (a) having 
fixed 50% wt ratio of phenol resin and different weight ratio of carbon fiber GCF1 having 
99:1 % wt ratio of RGO and carbon fiber, respectively, GCF2 98:2, GCF 95:5, GCF 93:7, 
GCF 90:10 accordingly, (b) having fixed 1% wt ratio of carbon fiber and different weight 
ratio of y-Fe2O3: GFR13, GFR12, GFR11, GFR21 and GFR31.

Fig. 2.7: Variation in the EMI shielding 
effectivenesses, SEA and SER, of cement 
composites having different weight ratios 
of graphene oxide, cg10, cg20, cg30 and 
cfg10, cfg20, cfg30, with frequency.
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A.	 Eosin stained samples.
	 Fabric coated with Pure TiO2 nano-particles

	 Fabric coated with Ni-TiO2 nano-particles

B.	 Green Tea stained samples – fabric coated with pure 
TiO2 nano-particles.

observed that for conducting 
cement–GO–FF composite, the 
shielding effectiveness (SE) is 
mainly dominated by absorption 
while the shielding effectiveness 
due to reflection (SER) is nominal 
and contributes very little.

Technology/Process developed 

A process for the preparation 
of graphene oxide- ferrofluid-
cement composite was developed 
which can be used for the shielding 
of electromagnetic radiations in 
X-band and Ku-band.

Know how transfer

CSIR Network Technology was 
developed (An outcome of joint 
efforts under Network Project 
NWP-12 (NPL, New Delhi; CECRI, 
Karaikudi & NCL, Pune)

Non-Disclosure Agreement for 
the technology on Conducting 
Polymer Paints & Coatings was 
signed with M/s Krishna Conchem 
Products Pvt. Ltd., Navi Mumbai 
on April 2010 and consequently 
the technology transfer go 
ahead was given by the Industry 
in August 2011).

Sol-gel Synthesis of Materials 
And Thin Film Fabrication 

High quality titanium oxide 
films doped with Fe, Ni and Co 
metal cations were fabricated 
onto TCO glass substrates. 
Optical, electrical and structural 
properties of these films were 
investigated systematically.  
Effect of dopant and its 
concentration on the film 
crystallization properties were 

studied. We have studied the 
effectiveness of tungsten doped 
titanium oxide films in the 
degradation of environmental 
pollutants so as to purify the 
air we breathe in. TiO2 film 
doped with nickel) coated glass 
substrates were also given 
to CCMB Hydrabad (a CSIR 
laboratory) for development 
of biosensor and bio-functional 
studies. Tungsten doped TiO2 

nanoparticles synthesized at 
NPl by sol-gel route are being 
investigated by RAMAN studies, 
initial results show that W 
doping shifts the phase transition 
temperature of TiO2 to higher 
values, however detailed results 
are awaited. These studies 
have resulted in six papers in 
SCI journals and six papers 
in internationally organized 
symposia/ seminars.

Fig. 2.8: Self cleaning studies of TiO2 nanoparticle coated fabric (camera Pictures) : left side 
sample - before exposure, right side sample after exposure.
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(white paper) on lithium ion 
batteries - depicting the present 
status and future direction in this 
technology.

One research scholar submitted 
his thesis for the award of 
Ph. D degree in physics from 
Kurukshetra University. Title: 
“Study of Doped And Undoped 
TiO2 Films Obtained By Sol-Gel 
Route”

Physics & Engineering of 
Carbon

Multi-layer graphene 
nanoribbons from thermally 
reduced unzipped MWCNTs

An easy and scalable approach 
is reported for the production 
of multi-layer graphene 
nanoribbons (GNRs) from 
thermally treated unzipped 
multi-walled carbon nanotubes 
(MWCNTs) by controlled 
oxidation and intercalation, 
which is followed by heat 
treatment at 1000 and 2500oC. 
After oxidation and intercalation, 
unzipped MWCNTs thickness 
varies depending on the diameter 
of starting MWCNT and the 
variation in width could be due 
to the displacement of graphene 
layers during sonication. The 
sonication process is responsible 
for chemo-mechanical breaking 
and the separation of multi-
layer nanoribbons.

On thermal treatment of 
unzipped MWCNTs at 1000oC, 
some individual GNRs are 

nano-particles.  We have also 
synthesized high quality bismuth 
oxychloride, visible light sensitive 
photocatalyst (highly useful for 
several applications) by solution 
route. XRD and photocatalytic 
activity studies have been carried 
out, while other investigations are 
going on.

We are developing a facility to 
study the photocatalytic hydrogen 
generation by water splitting at 
the surface of photocatalyst film 
or bulk nano-particle.

We are having dialogue with 
two companies (listed below) 
to transfer the technology self 
cleaning glass for architectural 
applications, developed at NPL.

1. C and C Constructions Ltd.

Represented by: Mr. Tarun Singh
Address: Plot No. 70, Sector 32 
Gurgaon – 122001 (Haryana)
Phone: +91-1244536666
Fax: +91-124 4536799
Email: candc@
candcinfrastructure.com

2. Sharda Group

Represented by: Arun Sharma
Address: Sharada Centre, 11/1 
Erandawane, Off Karve Road, 
Pune 411 004.
Tel.No: 020 25466390
Fax No: 020 25467170
Email ID: sharadagroup@vsnl.
com
Website: http://www.
sharadagrp.com

Prepared a technical report 

Good quality uniform films of 
vanadium oxide have been 
successfully fabricated on 
glass substrates by sol-gel dip 
coating process, an inexpensive 
process to apply highly uniform 
films on large area substrates. 
Thin films of this phase change 
material find number of device 
applications e.g. thermal cut 
off switching, energy efficient 
window etc. We are also making 
efforts to tune the transition 
temperature of the material by 
incorporation of dopants and/
or inducing strain.

Investigations on the development 
of self cleaning cloth with 
antibacterial property are 
being carried out by coating 
the fabric with titanium oxide 
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Fig. 2.9 XRD pattern of BiOCl sample 
synthesized by two different routes. [s1 
– from bismuth nitrate; s2 – from bismuth 
oxide]



25Annual Report 2011-12CSIR-National Physical Laboratory

D
ivision 2

Materials Physics and Engineering

observed due to the exfoliation 
which might be caused by the 
sudden evolution of volatiles 
product between the layers. 
However, after heat treatment 
at 2500oC, the GNRs produced 
are of high purity and quality 
with a yield of > 70 %. The high 
temperature (2500oC) treatment 
can able to restore π-conjunction 
in the GNRs which can help in 
improving transport properties. 
In contrast to corresponding 3-D 
graphite, electrons in a multi-
layer GNR may confine along 
one crystallographic direction can 
open up enormous opportunities 
to take advantage of the unique 
properties of GNRs for many 
technological applications. Figure 

2.10 shows the SEM and TEM 
image of nanoribbon.

Development of MWCNTs 
decorated Graphitic Foam

Multi-wall carbon nanotubes 
(MWCNTs) -decorated 
mesophase pitch-based 
graphitic foam (GF) is produced 
by impregnating mesophase 
pitch into a polyurethane foam 
template, and MWCNTs are 
grown on it by chemical vapor 
deposition. The original and 
MWCNTs-decorated foams are 
characterized by scanning electron 
microscopy, Raman spectroscopy 
and X-ray diffraction. Figure 
2.11 shows micrograph of 
graphitic foam(GF), multi-walled 
carbon nanotubes decorated 
graphitic foam (M-GF), M-GF 
at higher magnification and 
MWCNTs grown on GF.   It is 
observed that MWCNTs grow 
on the outer surface, in pores 
and on ligaments of GF. This is 
the reason for the decrease in 

Fig. 2.10: Schematic of preparation of graphene nanoribbons (GNRs), SEM, AFM, and 
TEM of unzipped MWCNTs, TEM of GNRs derived from thermal treatment of unzipped 
MWCNTs.

Fig. 2.11: SEM micrographs of (a) GF, (b) M-GF, (c) M-GF at higher magnification  
(d) Micrograph of MWCNTs grown on GF.

(a)

(c)

(b)

(d)
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The peak power density obtained 
from improved NPL carbon paper 
shows an increase of  24.5% 
(for 0.5 mg/cm2 Pt loading on 
anode and cathode) and 24.3 
% (with 0.3 mg/cm2 Pt loading) 
as compared to the commercially 
available standard Toray carbon 
paper (Japan) tested under 
similar conditions as shown in 
Fig. 2.13 and 2.14 This shows 
the reproducibility of the results 
which are of great significance 
for India’s self reliance in fuel 
cell technology. The performance 
evaluation was done at CSIR-
CECRI, Chennai.

Studies have been carried out 
to find the effect of thickness of 
the carbon electrode support 
on its various properties and 
its performance in a PEM fuel 
cell. The carbon paper samples 
thus prepared had thickness 
of 0.046, 0.04, 0.035, 0.031, 
0.028 and 0.023 cm while 
maintaining a uniform density of 
0.50 g/cc.

The fuel cell polarization curves 
obtained using carbon paper 
samples with varying thickness 
are shown in Fig. 2.15. From the 
curves it is clear that the peak 

from PAN after stabilization 
and carbonization. During 
stabilization and carbonization, 
nanofiber diameter decreases 
due to conversion of polymer 
nanofibers into carbon 
nanofibers, as a consequence 
evolution of volatile by 
product. The fiber diameter 
of PAN polymer nanofiber 
varies between 500-600 nm, 
on stabilization it reduced 
to 500-550 nm whereas on 
carbonization it further reduced 
to 450-500 nm. 

Development of Porous 
Conducting Carbon Paper

Carbon paper have been 
developed by effectively 
employing carbon nano tubes in 
very small amounts in a manner 
so as to utilize its extraordinary 
properties and achieve high fuel 
cell performance without any 
additional set up or cost. 

the pore size and increases in 
the ligament size. The electrical 
and thermal conductivity of 
MWCNT-decorated GF increases 
by 76 and 56 % respectively. 
The increase in electrical and 
thermal properties may be due 
to the positive synergistic effect 
of MWCNTs. The compressive 
strength of the GF increases by 
75 %, as a result of MWCNT 
growth on it. The changes in 
the properties of GF, as a 
result of the  direct growth of 
MWCNTs demonstrates  good 
anchoring and reduced the stress 
concentration centers in GF.

Thus, direct growth of MWCNTs 
on GF is an attractive route for 
improving the properties of 
highly porous graphitic materials, 
which can be used for different 
applications.

Development of Continuous 
Electrospun Carbon nanofibers 
(DST project)

In this project continuous 
electrospun nanofibers different 
polymer is drawn from different 
i.e. PAN, PMMA, PVA, PCL, 
Sodium Alginate etc. These 
nanofibers have different 
applications. Figure 2.10 shows 
the carbon nanofibers derived 

Fig. 2.12 : SEM micrograph of electrospun nanofiber at different stages.
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Fig. 2.13: Comaparative performance of  
PEMFC using NPL and Toray carbon paper 
(0.5 mg/cm2 Pt)

Fig. 2.14: Comaparative performance of  
PEMFC using NPL and Toray carbon paper 
(0.3 mg/cm2 Pt)
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power density obtained for the 
fuel cell increases as the thickness 
of the carbon paper is reduced 
from 0.46 mm to 0.28 mm. Power 
density as high as 805 mW/cm2 
has been obtained for 0.28 mm 
thick sample, i.e. an increase of 
more than 55 % over 0.46 mm 
thick sample (510 mW/cm2). It 
is also observed that decreasing 
thickness of the carbon paper 
increases its current carrying 
capacity resulting in the peak 
shifts of the I-V curve towards 
higher current densities. However 
further reduction in thickness to 
0.23 mm leads to a decrease in 
the fuel cell performance and the 
peak power density drops down 
to 645mW/cm2.

From the above results it was 
concluded that decreasing the 
thickness of the carbon support 
samples enhances the fuel cell 
performance due to reduced 
electrical resistance and gas 
diffusion distance. However 
beyond a certain limit, thin 
samples may create problems 
due to the poor PSD and low 
mechanical strength.

MWCNTs reinforced Low Density 
Polyethylene Composites for 
Electrical and EMI shielding 
applications

High aspect ratio multi-walled 
carbon nanotubes (MWCNTs) 
reinforced low density 
polyethylene (LDPE) composites 
were prepared by solvent casting 
followed by compression molding 
technique. Electromagnetic 
interference (EMI) shielding 
effectiveness (SE) of these 
composites was investigated in 
the frequency range of 12.4–
18 GHz (Ku-band) for the first 
time. The experimental results 
indicate that the EMI-SE of these 
composites is sensitive to the 
MWCNT loading. The average 
value of EMI-SE reaches 22.4 
dB for 10 wt% MWCNT-LDPE 
composites, indicating the 
usefulness of this material for 
EMI shielding in the Ku-band. 

The main reason for improved SE 
has been attributed to significant 
improvement in the electrical 
conductivity of the composites 
by 20 orders of magnitude, i.e., 
from 10-20 for pure LDPE to 0.63 
S/cm for MWCNT-LDPE, which 
is three order of magnitude 
higher than the previous 
reports for MWCNT-LDPE 
composites. Differential scanning 
calorimetry of the MWCNT-
LDPE composites showed 
around 37% improvement in the 
crystalline contents over pure 
LDPE samples which resulted 
into enhanced thermal stability 
of the composites. The thermal 
decomposition temperature 
of LDPE is shifted by 40oC on 
addition of 5 wt% MWCNT. The 
studies therefore show that these 
composite can be used as light 
weight, thermally stable EMI 
shielding and antistatic material.

 Fig. 2.16: Schematic diagram of preparation of high loading MWCNT-epoxy composites 
by filtration followed by compression moulding
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Fig. 2.15: Comparative  performance of 
the fuel cell using carbon paper samples of 
different thickness.
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The samples also showed open 
porosity of 0.5%.

In another batch, high density 
graphite was made from GC 
material mixed with 5% NG 
and 5% SG through ball milling. 
The mixed powder was moulded 
in plates/blocks and carbonized 
at 1000, 1400 oC and finally 
graphitized at 2500 oC in an 
inert atmosphere. These samples 
exhibited bulk density of 1.90 
gcm-3, improved compressive 
strength of 142 MPa, electrical 
resistivity of 2.0 mΩcm, shore 
hardness of 95 and open 
porosity of 0.5%.

The samples of high density 
graphite were also developed 
from nano carbon black 
incorporated in the GC powder. 
After moulding, samples were 
heat treated at different 
temperatures and finally 
graphitized at 2500 oC in 
an inert atmosphere showed 
improved characteristics. The 
addition of 12% CB in the GC 
exhibited bulk density of 1.93 
gcm-3, bending strength of 103 
MPa, high compressive strength 
of 150 MPa, electrical resistivity 
of 1.7 mΩcm and shore hardness 
of 91. The sample also showed 
less open porosity (0.2%) 
compared to the imported 
sample (0.7%).

Samples of high density graphite 
developed at NPL, New 
Delhi were tested for vacuum 
compatibility at CEERI, Pilani. 
The testing was performed by 
heating samples in nitrogen 

This is a part of the XIth plan 
CSIR sponsored network project 
on “Design and fabrication/
capabilities for very high power 
microwave tubes” with CEERI, 
Pilani as the nodal agency. The 
objectives of this project are:  to 
prepare high density graphite 
and copper reinforced graphite 
(carbon- copper composite) 
suitable for multistage depressed 
collector of electron tubes useful 
for space applications. These 
products are not developed in 
India and cost huge amount of 
foreign exchange.  

The objective of this is to 
develop high density graphite 
and carbon-copper composites 
suitable for multistage depressed 
collector of electron tubes useful 
for space applications.

Development of high density 
graphite

Samples of high density graphite 
were prepared from coal tar 
pitch derived green coke (GC) 
material modified (mixed) 
with natural graphite (NG, 
8-10%) through ball milling. 
These modified powders were 
moulded into plates/blocks and 
carbonized to 1000 oC, 1400 
oC and finally to 2500 oC in an 
inert atmosphere to obtain high 
density graphite products. The 
graphitized samples possessed 
bulk density of 1.87-1.97 gcm-3, 
improved compressive strength 
of 138-145 MPa, electrical 
resistivity of 1.9-2.4 mΩcm 
and shore hardness of 82-96. 

A new technique to introduce 
high loading of MWCNT in 
epoxy composites for effective 
electrical and mechanical 
properties

Dispersion of high volume of 
carbon nanotubes (CNTs) in epoxy 
resin is a challenging issue for 
the development of efficient and 
thin electromagnetic interference 
(EMI) shielding material. Upto 
20wt. % of multiwalled carbon 
nanotubes (MWCNTs) loading 
in the composite was achieved 
by forming CNT prepreg in 
the epoxy resin as a first step. 
These prepreg laminates were 
then compression molded to 
form composites which resulted 
into EMI shielding effectiveness 
of -19 dB at 0.35 mm thickness 
and -60dB at 1.75mm thickness 
of the composites in the X band 
(8.2-12.4GHz). One of the 
reasons for such high shielding is 
attributed to the high electrical 
conductivity of the order 
of 9S/cm achieved in these 
composites which is at least an 
order of magnitude higher than 
previously reported results at 
this loading. Additionally these 
composites show an improvement 
of 40% in the tensile strength 
over the net resin value. Thermal 
conductivity of the MWCNTs-
epoxy composite reached to 
2.2 W/mK as compared to only 
0.14 W/mK for cured epoxy. 

Studies on Development of 
carbon based materials suitable 
for multistage depressed 
collection of electron tubes 
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atmosphere at 900 oC followed 
by heating at temperatures 1000 
oC and 1050 oC under a vacuum 
of 10-5 torr. It was observed that 
NPL developed high density 
graphite sample showed much 
better vacuum compatibility test 
as compared to the imported 
POCO graphite (DFP-2).

Development of C-Cu composites 

Carbon-copper composites 
(Cu/C=1.0) reinforced with 
CNT  of different mass fraction 
varying from 0 to 3.0 wt% were 
prepared by mixing CNT with 
copper and green coke powders 
by using powder metallurgy 
method and finally heat treated 
at 1000 oC in inert atmosphere. 
CNT reinforced C-Cu composites 
showed excellent bending 
strength and improved thermal 
conductivity. The lower amount of 
CNTs with 0.25 wt% reinforced  
C-Cu composite showed maximum 
bending strength of 162 MPa 
and compressive strength of 
260 MPa, which are much higher 
than those composites prepared 
without CNTs and with higher 
amount of CNTs. The electrical 
resistivity was observed to be 

gradually decreased by the 
addition of the CNTs in the C-Cu 
matrix. The maximum thermal 
conductivity of 17.57 W/mK 
(perpendicular to the plane) 
was found for 0.50 wt% CNT 
reinforced C-Cu composite. SEM 
images (Fig. 2.17) confirmed that 
the CNTs were homogeneously 
distributed in the C-Cu matrix.

In another experiment, nano 
particles of Cu (Cu/C = 0.57) 

were deposited by chemical 
reduction method (electroless) 
on already Ni coated natural 
graphite (NG) powders. The 
nano particles of Ni in different 
concentrations (Ni/C = 0.01 to 
0.50) were coated on the surface 
of NG by electroless method. 
The Cu-Ni-NG powders were 
consolidated into plates using 
hydraulic press and heat treated 
at 750oC in inert atmosphere of 

Fig.2.17: SEM images of: (A) CNTs, (B) 0.25 wt% CNTs reinforced C-Cu composite and (C) fracture surface of 0.25 wt% CNTs reinforced 
C-Cu composite

A B C

Fig. 2.18: SEM images of: (A) natural graphite (NG), (B) Ni nanoparticles coated on NG 
(Ni/C=0.10) and (C) Cu nanoparticles coated on Ni-NG powder and (D) Cu-Ni-NG after 
consolidation (heat treated at 750oC)
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utilized by existing solar cells 
for conversion into electrical 
energy. Up-conversion (UC) 
nanophosphor coupled to the 
solar cell can convert the long 
wavelength IR photons to visible 
radiation that can be gainfully 
absorbed by solar cell for photo 
voltage generation. Success of this 
process depends on development 
of highly efficient UC NP that 
is excitable by low intensity 
IR radiation. One of the most 
efficient NIR-Visible upconverting 
UC lattices is NaYF4. Synthesis 
of ultra small NaYF4 particles 
require complicated process 
and high reaction temperature 
resulting in toxic fumes of 
harmful fluorides. Moreover, due 
to large number of incompletely 
bonded atoms on the surface 
of NP providing non radiative 
pathways, UC efficiency is usually 
low. A green chemistry approach 
has been taken to synthesize 
monodisperse monophasic core-
shell nanoparticles with the core 
(~20 nm) and shell (~5 nm) 
[Fig.2.19a]. Hydrophobic core/
shell nanoparticles have been 
further made hydrophilic by 
coating a transparent SHMP layer 
without affecting luminescence. 
A distinct enhancement of 
upconversion luminescence from 
core to core-shell (C/S)  structure 
under low flux NIR excitation at 
976 nm has been achieved in 
Lanthanide (Er3+,Yb3+) doped 
NaYF4 core with undoped NaYF4 
shell nanoparticles (NP) as 
shown in Fig.2.19b. Core shell 
(NaYF4:Er,Yb/NaYF4) UCNP 

of pure hexagonal boron nitride 
powder in presence of a number 
of polar solvents. The synthesized 
BN few layer nanosheets were 
also decorated with Au and 
Ag nanoparticles by chemical 
process. By depositing Au or Ag 
nanoparticles on BN nanosheets 
we could tune the wide band gap 
observed between the two walls 
of BN nanosheets. The R&D work 
was carried out in collaboration 
with Ion & Electron microscopy 
group of NPL. 

Luminescent Materials 
and Devices

Development of nanophosphors 
with enhanced down and up-
conversion luminescence efficiency 
for solar cells, synthesis of doped 
nanocrystals and quantum dots 
for enhanced blue luminescence 
for display devices, core-
shell nanophosphors for solar 
spectrum modification, novel 
nanophosphors for LEDs and 
luminomagnetic nanophosphors 
for bio-related applications are 
the current thrust of the group.   

Core-Shell upconversion 
nanophosphor for enhancement 
of solar cell efficiency

A novel approach for harnessing 
the hitherto unutilized part 
of solar IR radiation through 
spectrum modification by 
nanophosphor (NP) for enhancing 
solar cell efficiency is being 
carried out. Terrestrial solar 
energy encompasses the photon 
energy range of 4.24 - 0.41 eV, 
only a fraction of which can be 

nitrogen. SEM images (Fig. 2.18) 
confirmed the deposition of Ni 
on NG and Cu on Ni coated NG. 
Detailed characterization such as 
strength and thermal conductivity 
is under process.

Development of carbon 
nanotubes reinforced metal-
matrix composites

Under this project, R&D work 
was carried out to develop 
Cu composites reinforced with 
multiwalled carbon nanotubes 
(MWCNTs) using the powder 
metallurgy process. In order 
to develop these composites, 
copper nanoparticles were 
synthesized using a molecular-
level-mixing method in which a 
copper salt was reduced using 
a number of reducing agents. 
The composites were fabricated 
by cold pressing followed by 
sintering under a vacuum of 10-2 
torr at temperatures varied from 
600 to 900°C for 2 hours. The 
resultant Cu/CNTs composites 
showed much improvement 
in mechanical properties as 
compared to those observed for 
pure Cu composites fabricated 
under similar conditions. Cu/
CNTs nanocomposite powder 
was also used in the antimicrobial 
study of few bacteria’s as well 
as in reducing the decomposition 
temperature of methanol direct 
in methanol fuel cells.

Synthesis of Boron Nitride (BN) 
Nanosheets

BN nanosheets were successfully 
synthesized by the exfoliation 
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integrated dye sensitized solar 
cell (DSSC) indicated 11.9% 
enhancement in overall conversion 
efficiency under AM 1.5 conditions, 
due to NIR-Visible spectrum 
modification by fluorescent NPs 
[Fig.2.19c]. The results indicate 
the potential of such upconverting 
C/S nanophosphor in solar cell 
applications. 

Tunable photoluminescence 
from hydrophobic silica gel 
nanoparticles for displays:

Luminescent materials have been 
utilized widely in applications 
involving lighting to sensing. The 
photoluminescence (PL) properties 
of silica have also been an 
important topic of research for 
a long time, but the difficulty in 
the incorporation of rare-earth 
(RE) ions attached covalently to 
the silica (SiO2) network is still 
considered a great challenge. 

The weak PL bands with peak 
energies ~1.9-4.3 eV for both 
bulk and thin films of SiO2 have 
been reported so far. It has been 
observed that monodisperse 
silica nanospheres formed by 
hydrolysis and condensation of 
alkoxides using Stober-Fink-Bohn 

(SFB) process gives negligible 
luminescence. Hence, we proposed 
a novel methodology to prepare 
alkoxide-based silica gel 
nanospheres doped with Eu3+ ions 
that show enhanced PL brightness, 
uniform size distribution and 
improved quantum efficiencies. 

Fig. 2.19: (i) TEM image of NaYF4:Er3+,Yb3+ core and core/shell NPs showing uniformity in size and morphology of the particles. HRTEM 
image and lattice fringes of a single NaYF4:Er3+,Yb3+ core particle and NaYF4:Er3+,Yb3+/NaYF4 core/shell NPs clearly show core shell 
formation and shell thickness of 3.5 nm; (ii) UC PL spectra of NaYF4: Er3+, Yb3+ core (solid line), NaYF4: Er3+, Yb3+ /NaYF4 core/shell (dotted  
line) and SHMP coated core /shell (dashed line) NPs under diode laser excitation at 976 nm. Inset (a) Photograph showing green emitting 
NaYF4: Er3+, Yb3+ /NaYF4 core/shell nano powder under 976 nm laser excitation and inset (b) shows schematic drawing of NaYF4:Er,Yb/
NaYF4 core/shell structure and scatter free NIR to green UC luminescence in colloidal NPs; (iii) I-V characteristic of DSSC coupled with 
upconverting core shell nanoparticles of NaYF4:Er3+,Yb3+/NaYF4. The plot clearly depicts increase in VOC due to incorporation of NPs.

Fig. 2.20: Tunable photoluminescence ranging from UV (373 nm) to deep-red (655 nm) 
colours exhibited by SiO2:Eu3+ gels with Eu concentration of a) 0 mol-%, b) 0.02 mol-%, 
c) 0.04 mol-%, d) 0.06 mol-%, e) 0.08 mol-% and f) 0.1 mol-%. Anomalous blue-green 
photoluminescence aroused from 4f65d1–4f7 transition of Eu2+ and deep-red emission from 
5D0–

7F2 transition of Eu3+ ions. In both the cases, SiO2 gel networks act as an effective 
sensitizer.

(i)	 (ii)	 (iii)
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nanophosphor exhibits typical 
paramagnetic behavior with 
high magnetic moment. We have 
investigated the cell viability 
of GdVO4:Eu3+ luminomagnetic 
nanoparticles using Prokaryotic 
algal (Aphanothece sp in the 
class of cyanobacteria/blue-
green algae) for biological 
applications (see Fig. 2.21d). 
We observed that the 
synthesized luminomagnetic 
nanophosphors were not only 
biocompatible with cells but 
also relatively nontoxic over 
reasonable concentrations, which 
is of significance for applications 
in biomedical diagnostics and 
analyses requiring luminescence 
and magnetic tracking.

be produced on a large-scale. 
Probing the luminomagnetic 
nanophosphor using 
photoluminescence, time-resolved 
spectroscopy, magnetization 
measurement and cytotoxicity 
assay reveal its suitability for 
biological applications. The 
photoluminescence emission 
(PL) spectrum recorded at 
308 nm excitation shows a 
sharp intense hypertensive red 
emission peaking at ~618 nm 
at room temperature (Fig. 2.21a 
and c). We have carried out 
magnetization measurements 
using a super conducting quantum 
interference device (SQUID) 
magnetometer (see Fig. 2.21b). 
The synthesized luminomagnetic 

This is a process by which highly 
disordered but doped silica 
gels could be effectively made 
useful for practical applications 
involving luminescence. The 
tunable photoluminescence 
ranging from UV (373 nm) to 
deep-red (655 nm) colours has 
been achieved in SiO2:Eu3+ gels 
with various Eu concentrations as 
shown in Fig. 2.20. Anomalous 
blue-green photoluminescence 
aroused from 4f65d1–4f7 
transition of Eu2+ and deep-red 
emission from 5D0–

7F2 transition 
of Eu3+ ions are attributed to the 
effective sensitizing action of the 
SiO2 gel network.

Probing a Bifunctional 
Luminomagnetic Nanophosphor 
for Biological Applications

In nature, materials that exhibit 
significant magnetism and efficient 
luminescence rarely exist. Such 
materials are highly desirable in 
a number of potential biological 
applications including drug 
and gene delivery, bio-sensing 
and bioimaging with magnetic 
resonance imaging (MRI) contrast. 
LMD group has developed such 
a luminomagnetic material in the 
form of GdVO4:Eu nanoparticles 
used as nanoprobes for 
bioimaging applications. We 
have developed a simple and 
effective method for the high 
quality ultra-fine europium doped 
gadolinium vanadate (Gd1-

xEuxVO4, x=0.35) luminomagnetic 
nanophosphor, with a particle 
size measuring ~ 30 nm, by 
facile sol-gel method, which can 

Fig. 2.21: Colloidal solution of luminomagnetic nanophosphor in de-ionized water(2μgmL-1)
(a) Transparency of suspended luminomagnetic nanophosphor, second photograph 
shows the magnetic tracking through permanent magnet (~ 2000 Oe)  as well as 
shows strong red emission under UV 254 nm wavelength (b) Room temperature M-H 
curves of as-synthesized Gd0.65Eu0.35VO4 nanophosphor; Photographs of luminomagnetic 
nanophosphors in glass vials (i) without and (ii) with external permanent magnet (~ 1000 
Oe) are shown in inset (c) Room temperature PL emission spectrum recorded at 308 
nm excitation. The right inset shows the other emission spectra at 362, 382, 395, 416 
and 465 nm excitation wavelengths and the left inset shows the color coordinates(d) 
High resolution digital micrographs of the Aphanothece sp cells treated with 2 mg/mL 
Gd0.65Eu0.35VO4 nanophosphor after 2 days of incubation both under room light and UV 
light (254 nm).
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Optical Bifunctionality 
of Europium-complexed 
Luminescent Graphene 
Nanosheets

LMD group in joint collaboration 
with Rice University, USA has 
successfully synthesized the 
luminescent graphene which 
offers a new paradigm shift in the 
engineering of graphene analogs 
for tuning optical and electronic 
properties see (Fig.  2.22). The 
synthesis of luminescent graphene 
or europium complexed-
graphene nanosheets is achieved 
through a simple and efficient high 
temperature thermal dissociation 
and reduction process. The 
introduction of Eu(III) ions in the 
graphene lattice was proven by 
XPS analysis and EDS mapping. 
Spectroscopic results convincingly 
show the complexation of 
trivalent europium with graphene 
oxygen functionalities (Fig. 
2.23). More specifically, a shift 

in the photoluminescence red 
emission of the starting material, 
europium oxide, from 611 nm 
to a hypersensitive red emission 
for the europium (III) complexed-
graphene at 618 nm was 
observed (Fig. 2.24 a-c). The 
luminescent graphene had a triple 
decay lifetime with an average 
value of 391.13 μs, which 
contrasts with the single decay 
lifetime (65.68 μs) of europium 

oxide as shown by time-resolved 
spectroscopy (Fig. 2.24 d).

We have successfully 

 

 
Fig.2.22: a) Demonstration of dual 
functionality of graphene by the 
quenching of luminescence of Rhodamine-B 
while displaying its own red emission.  
b) Plausible structural model of europium-
complexed graphene. 

 

Fig.2.23: a) SEM image of europium 
complexed-graphene. b) TEM image of 
the LG. Arrows indicate the presence of 
mono or double layer LG. c) carbon and 
europium elemental mapping of a selected 
region. d) Atomic HRTEM Images of the LG. 
The inset is the FFT pattern of the selected 
region. 

Fig.2.24: a) UV-visible spectrum of the 
LG. b) PL excitation of the LG (emission at 
618 nm) exhibiting a strong peak at 314 
nm. c) Photo-luminescence (PL) emission of 
the LG (excitation at 314 nm) exhibiting 
hypersensitive red emission at 614 and 
618 nm. d) TRPL decay profile of the LG. 
The inset shows the lifetime data. 

Fig.2.25: a) PL spectrum of pristine 
Rhodamine-B, LG and GO in Rhodamine-B 
(excitation at 562 nm) exhibiting Complete 
quenching. b) Self-luminescence of the LG / 
Rhodamine-B solution (excitation at 314nm)
exhibiting the hypersensitive red emission 
at 614 and 618 nm.

demonstrated the concurrent 
fluorescence quenching of 
Rhodamine-B by the luminescent 
graphene as well as its self-
luminescence (Fig. 2.25). The 
importance of such luminescent 
materials is in biological 
application where cells showing 
their own luminescence (e.g. 
MCF-7GFP, Human Breast Cancer 
Cell displays strong green 
luminescence) and are difficult to 
target/label those cells without 
quenching their luminescence. 
We envision that such 
accomplishments will be milestone 
in developing the much-awaited 
high-performance applications 
of graphene and its analogs in 
the fields of optoelectronics and 
nano-biotechnology.
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(ITO) coated glass substrate 
have been carried out (Scheme 
1). The monolayer behaviour has 
been studied at the air–water 
interface under various subphase 
conditions. This nanopatterned 
platform has been explored to 
fabricate an electrochemical 
DNA biosensor for detection 
of Chronic Myelogenous 
Leukemia (CML) by covalently 
immobilizing the thiol–terminated 
oligonucleotide probe sequence 
using displacement reaction. 
The results of electrochemical 
response studies reveal that this 
biosensor can detect target DNA 
in the range of 10–6 to 10–14 M 
within 120 s, has a self life of 
2 months and can be used for 
about 8 times. Besides this, the 
nucleic acid sensor has been 
found to distinguish the CML 
positive and the negative control 
clinical patient samples.

Polyaniline Iron oxide carbon 
nanotube based N. gonorrhea 
sensor

Biotinylated probe DNA 
(BDNA) is immobilized onto 
electrochemically deposited 
polyaniline- iron oxide-carbon 
oxide nanotube (PANI-nFe3O4–
CNT) electrode using avidin-biotin 
interaction. For this purpose, 10 
µl of 1 mg/mL activated avidin 
(activated using 15 mM EDC and 
30 mM NHS for 2 h at 298 K) 
is first immobilized onto PANI-
nFe3O4–CNT/ITO electrode. 
The Avi-PANI-nFe3O4–CNT/
ITO electrode is then washed 
and subject to 300 s incubation 

was further supported by the 
intrinsic fluorescence quenching 
measurement. Unraveling the 
nature of interactions of gold-
chloroquine with BSA would 
pave the way for the design 
of nanotherapeutic agents with 
improved functionality, enriching 
the field of nanomedicine.

The work has been published 
in J. Colloid Interface Sci.355, 
402–409 (2011) and is selected 
as “Article of the Month” by 
Colloid and Nanomedicine 
2012. Further details are 
given at the link: http://www.
colloidsandnanomedicine.com/
conference-supporting-journal.
html

Biomedical              Instrumentation

Nanopatterned Quantum dots 
based Leukemia biosensor

The studies relating to 
preparation of Langmuir–
Blodgett (LB) monolayers of tri–
n–octylphosphine oxide capped 
cadmium selenide quantum dots 
(QCdSe) onto indium–tin–oxide 

Binding of chloroquine–
conjugated gold nanoparticles 
with bovine serum albumin

The thiol functionalized gold 
nanoparticles were conjugated 
to therapeutic drug chloroquine. 
The gold-chloroquine conjugates 
were studied for their interaction 
with a model serum protein 
BSA. The binding of chloroquine 
to gold nanoparticles was 
studied using UV-Vis and FTIR 
spectroscopy. The characteristic 
surface plasmon absorption 
band for GNPs was observed 
at 522 nm and the average 
particle size was found to be 
5-7 nm from transmission electron 
microscopy. The interaction of 
gold-chloroquine with BSA was 
studied using thermodynamic as 
well as spectroscopic methods. 
The interaction was found to be 
driven by enthalpy and entropy, 
accompanied with a minor 
alteration in protein’s structure. 
Competitive drug binding 
assay revealed that the gold-
chloroquine binds at binding site 
I in subdomain IIA of BSA and 

The representative CD spectra of BSA in presence of chloroquine and Au- chloroquine (left); 
binding of Au-chloroquine to BSA (right) and TEM micrograph of Au-chloroquine (upper 
right).
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with 20-mer biotinylated 
oligonucleotide probe (BDNA, 
10 µl and 1.0 µM) in a humid 
chamber at 298 K (Scheme 
2). The incubation of BDNA 
solution on Avi-PANI-nFe3O4–
CNT/ITO bioelectrode results 
in the biotin- avidin interaction 
due to high affinity between 
immobilized avidin and biotin 
attached to DNA.   The BDNA–
Av i -PANI-nFe3O 4–CNT/ ITO 
bioelectrode has been optimized 
for hybridization time and 
was subject to incubation in the 
concentration range (1×10–19 M 
to 1×10–6 M) of complementary 
(compDNA) target DNA for 45 s 
at 298 K. Further, the studies have 
been carried out by incubating 
the bioelectrode with non-
complementary (ncompDNA) and 
one-base mismatch (obmDNA) 
target DNA to prove specificity 
of the electrode. These electrodes 
have also been tested with positive 

and negative PCR amplicons of 
gonorrhoea affected patient 
samples. Subsequently, the DPV 
measurements of BDNA–Avi-
PANI-nFe3O4–CNT/ITO electrode 
have been carried out in 20 µM 
MB, pre-treatment at +0.1 V for 
10 s, at step potential of 3 mV 
and modulation amplitude of 50 
mV, 0.05 M PBS (pH 7.0, 0.9% 
NaCl). The detailed mechanism of 
fabricating the BDNA-Avi-PANI-
nFe3O4–CNT/ITO bioelectrode is 
depicted in Scheme 2. 

Hybridization studies with 
patient samples

The BDNA-Avi–PANI-nFe3O4-
CNT/ITO bacterial sensor has been 
used to detect sequence specific 
DNA based on the DPV current 
change of MB before and after 
hybridization. Fig. 2.26a shows 
DPV response of the fabricated 
bacterial DNA immobilized 
bioelectrode. The performance 

of the BDNA-Avi–PANI-nFe3O4-
CNT/ITO bioelectrode has been 
investigated by incubating it 
with DNA extracted from N. 
gonorrhoeae culture isolated 
sample, pus sample spiked with N. 
gonorrhoeae and N. gonorrhoeae 
positive male patient sample. The 
observed significant decrease in 
the DPV signal shows that the 
complementary DNA present in 
the clinical sample hybridizes 
with the probe DNA (Fig. 2.26a). 
As there is sample-to-sample 
variation in the bacterial DNA 
load that cannot be presently 
quantified perhaps results in 
variation of the observed signal.

Hybridization studies with 
PCR Positive and negative 
amplicons

Figure 2.26b shows performance 
of the bacterial sensor for 
detection of N. gonorrhoeae 
positive and the negative 
amplicons. The exposure of 

Scheme 1: Fabrication of Leukemia biosensor using nanopatterned CdSc quantum dots.

 

Scheme 2. Preparation of PANI–
nFe3O4–CNT nano-composite and 
immobilization process of biotinylated 
DNA using avidin-biotin coupling 
followed by hybridization for bacterial  
(N. gonorrhoeae) detection.
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0.995, respectively. This DNA 
bioelectrode is stable for about 
15 weeks when stored at 4oC.

Self-assembled monolayer 

ZrO2 (particle size of ~ 30-
40 nm) and the ssDNA/ZrO2 
bioelectrode. The hybridization 
of ssDNA/ZrO2 bioelectrode with 
the complementary and genomic 
DNA has been investigated using 
differential pulse voltammetry. 
The results of electrochemical 
studies suggest that highly electro-
active and cationic Nano ZrO2 
provides an effective surface to 
bind with the phosphate group 
of DNA resulting in enhanced 
electron transport.

The ssDNA/Nano ZrO2 
bioelectrode shows detection 
range from 1×10-8 to 10 nM of 
complementary DNA of V. cholerae 
within 60s of hybridization time 
at 25oC using methylene blue as 
an electro-active indicator. This 
O1 gene based metal oxide 
(ZrO2) sensor exhibits sensitivity 
for ssDNA/NanoZrO2/ITO 
bioelectrode as 0.48 µA/nM 
cm-2 for complementary DNA and 
2.34 µA/nM cm-2 for genomic 
DNA (Fig.2.27) with regression 
coefficient (R) as 0.991 and 

BDNA-Avi-PANI–nFe3O4–CNT/
ITO bioelectrode to PCR positive 
amplicons of N. gonorrhoeae 
results in significant decrease 
in the peak height indicating 
hybridization. And the incubation 
of the bioelectrode with the PCR 
negative amplicons results in 
negligible change in the peak 
height indicating specificity of 
the fabricated sensor for the 
detection of N. gonorrhoeae.

Nanostructured zirconium oxide 
based V. cholerae sensor   

Nanostructured ZrO2 film was 
prepared using zirconium (IV) 
propoxide solution (70 wt%) 
as a precursor. The Nano ZrO2 

film fabricated onto indium-
tin-oxide (ITO) coated glass 
plate using dip coating method 
and used for immobilization of 
O1 gene based 24 mer single 
stranded deoxyribonucleic acid 
probe (ssDNA) to detect Vibrio 
cholerae. The X-ray diffraction 
and Atomic Force Microscopy 
techniques have been used to 
characterize the nanostructured 

Fig. 2.26: (a) DPV of (i) BDNA-Avi-PANI–nFe3O4–CNT/ITO bioelectrode after treatment 
with (ii) culture isolated sample, (iii) spiked pus sample and (iv) patient sample (b) DPV of 
(i) BDNA-Avi-PANI–nFe3O4–CNT/ITO bioelectrode after treatment with 4 PCR positive (ii-v) 
and 4 negative amplicons (vi-ix) at step potential of 3 mV and modulation amplitude of 50 
mV,  in 20 µM MB, pre-treatment at +0.1 V for 10 s, 0.05 M PBS (pH 7.0, 0.9% NaCl).
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Fig.2.27: DPV response of dsDNA/
NanoZrO2/ITO bioelectrode after 
hybridization with genomic DNA 
concentration. Inset (i) is linear graph 
between genomic DNA concentration vs 
current variation.
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based Cholesterol biosensor 

Self-assembled monolayer of 
(SAM) of 4-aminothiophenol 
(4-ATP) has been investigated 
for immobilization of multi-
enzymes (ChOx and ChEt) 
towards development of 
enzyme biosensors for detection 
of free and total cholesterol. 
This enzyme immobilized SAM 
surface has been characterized 
by scanning electron microscopy 
and electrochemical studies. 
The results of electrochemical 
response studies reveal fast 
enzymatic reaction in phosphate 
buffer saline solution without 
any artificial mediator. This may 
be attributed to the molecular 
wire type behaviour of short 
4-ATP molecule that provides 
direct electron transfer between 
enzyme and the electrode due 
to its conjugated backbone. 
Interference free estimation of 
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free and total cholesterol has 
been realized at low operating 
potential of 0.33 V with linear 
range from 25 to 400 mg/dl 
(Fig.2.28), sensitivity of 542.3 
nA mM-1 (for ChOx/4-ATP/Au) 
and 886.6 nA mM-1 (for ChEt-
ChOx/4-ATP/Au) with a response 
time of 20 s at pH 7.4. 

Nickel nanoparticles based 
aflatoxin detection 

The self-assembled ring like nickel 
(RnNi ~10-20 nm) nanoparticles 
have been prepared by pulsed 
laser ablation method and 
confirmed by transmission 
electron microscopy. These RnNi 
nanoparticles electrophoretically 
deposited onto the indium-
tin-oxide (ITO) glass substrate 
have been functionalized with 
dimethyl sulfoxide (DMSO) for 
covalent immobilization of anti-
aflatoxin (a-AfB1) monoclonal 
antibodies and bovine serum 
albumin as blocking agent. The 
electrochemical response studies 
of a-AfB1/DMSO/RnNi-film/
ITO bioelectrode reveal linearity 
as 5-100 ngdL-1 (Fig. 2.29), 
detection limit of 32.7 ngdL-1, 

sensitivity of 0.59 lA/ng dL-1, 
and shelf-life of 60 days. The 
low value (1.3 x1014molL-1) of 
association constant (Ka) shows 
high affinity towards aflatoxin.

Major facilities established

Facilities for electrochemical 
measurements, thin film 
preparation and characterization, 
microbial culture growth, 
extraction and isolation of DNA/
enzyme, optical characterizations 
(FTIR and UV), microbiology, 
preparation of SAM, surface 
characterizations (hydrophobic/
hydrophilic nature), microfluidic 
system and device testing 
and fabrication have been 
established. Also facilities for 
preparation of screen printed 
electrodes, synthesis of  metal 
oxides, quantum dots, magnetic 
NPs, nobel metal nanoparticles 
and  composite nanoparticles have 
been established. Laboratory 
with world class facilities has been 
established, with power backup 
upto ~60 min, supply of various 
gases for dedicated experiments, 
dedicated computational facility, 
dust and noise free working 
condition

Technology/Process developed: 
We have developed colorimetric 
unit for detection of cholesterol 
and we have also established 
methodologies to modify existing 
screen printed electrodes with 
novel materials to improve 
stability, immobilization of 
enzyme and to obtain higher 
current response.

Know how transfer: IIIM2011 
was organized as part of project 
to increase the collaborative 
efforts among institutes, industries 
and hospitals, which resulted in 
useful collaborations, MoU, and 
international publications.

Metals & Alloys Group
This year research on two on-
going Network Projects, NWP-
51 & NWP-28, was continued 
and these projects were 
successfully completed, meeting 
all the objectives and targeted 
deliverables, envisaged in 
these two projects.  A new CSIR 
Network Project - Technologies 
and Products for Solar energy 
utilization through Networks 
(TAP-SUN) on “Development of 
novel thermoelectric materials 
and devices for harnessing 
solar energy and waste heat” 
(Network Project – NWP 54) 
was initiated this year and work 
was carried out to develop novel 
thermoelectric materials with 
enhanced figure-of-merit. Under 
this project a well-equipped 
thermoelectric laboratory was 
established in the group.  This 
year the work was mainly 

Fig.2.28:  Linear calibration plots of 
current obtained for ChEt-ChOx/4-ATP/
Au bioelectrode as a function of cholesteryl 
oleate concentrations

0 100 200 300 400

0.002

0.003

0.004

0.005

0.006

C
ur

re
nt

 (m
A

)

Cholesterol Oleate Concentration (mg/dl)

 

Fig. 2.29: Electrochemical response 
studies of BSA/a-AfB1/DMSO/RnNi-film/
ITO bioelectrode with respect to AfB1 
concentration (5–100 ngdL-1).
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h of milling and SPS resulted 
in compressive strength of 824 
MPa, whereas the compressive 
strength of un-milled Al 5083 
alloy was found to be 305 
MPa. Percentage elongation 
was observed to be 2.5% for Al 
5083/SiCp nanocomposite and 
13.8% for un-milled Al 5083 
alloy. 

Fig. 2.32 shows the enhancement 
in hardness and elastic modulus 
of the nanocomposite with 
the variation of SiCp content. 
Measured hardness and elastic 
modulus values for un-milled Al 
5083 alloy were found to be 
98 HV and 68 GPa, respectively 
and after ball milling of Al 5083 
alloy for 15 h, these values were 
enhanced to 148HV and 78 
GPa.  In these nanocomposites, 
an addition of 10 wt.% SiCp to Al 
5083 alloy exhibited significant 
improvement in hardness of 280 
HV and elastic modulus of 126 
GPa. Significant enhancement 
in the compressive strength of 
nanocomposite Al5083/10 wt.% 
SiCp, due to dislocation pile-ups 

project was further continued 
this year. Al5083 alloy was ball-
milled with SiCp nanoparticulates 
under argon atmosphere for 
15 h and subsequently these 
powders were consolidated 
and sintered employing spark 
plasma sintering technique 
(SPS). Detailed characterization 
employing HR-TEM of SPS 
nanocomposites elucidated some 
important features at nano and 
lattice scale. Apart from the 
reinforcement, neither voids 
nor cracks were detected and 
nanoparticles of SiCp surrounded 
with the nanostructured Al 
5083 grains have been clearly 
observed (Fig.2.30a). The high 
magnification micrographs 
revealed a fine grained 
microstructure with networked 
dislocations (Fig. 2.30b).

Fig. 2.31 shows the compressive 
testing results of sintered Al 
5083/10wt.% SiCp nano-
composite compared to that of 
milled and un-milled Al 5083 
alloy. Nanocomposite after 15 

focused on the design, synthesis, 
nanostructural characterization 
and thermoelectric property 
evaluation of several bulk 
nanostructured thermoelectric 
materials such as SiGe, Mg2Si, 
half-Heusler and other novel 
thermoelectric materials. Research 
work was also initiated on the 
development of rare-earth free 
permanent magnet materials. The 
magnetic t-phase of MnAl was 
synthesized employing powder 
metallurgy and subsequent 
heat-treatments and this work is 
presently underway to increase 
its magnetization. 

[A]	 NETWORK PROJECTS

(1)	 Development of bulk 
nanocomposites of 
aluminium alloys 
reinforced with ceramic 
particulates employing 
high energy ball-milling 
and spark plasma sintering 
(CSIR Network Project 
NWP-051)

The work under this on-going 

Fig. 2.30: HRTEM images of spark plasma sintered Al 5083/6 wt.% SiCp nanocomposites 
(a) Interface between Al 5083 and SiCp (b) Retained nanostructured grains after SPS

Fig. 2.31: Typical stress - strain curves from 
the compression test for un-milled Al5083 
alloy, nanostructured Al 5083 alloy and 
Al 5083/SiCp nanocomposite (SPSed at 
similar conditions)
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related to Orowan strengthening 
at grain boundaries and the 
homogeneous dispersion of SiCp.

(2)	 Development of light-
weight Al and Mg wrought 
products employing 
secondary processing such 
as extrusion technique 
(CSIR Network Project No. 
NWP28)

The objectives of this network 
project were (i) optimization 
of process parameters for 
hot extrusion of Mg-Al-Zn 
alloys, (ii) development of 
indigenous technology for 
lightweight magnesium alloy 
products using the optimized 
extrusion parameters and (iii) 
microstructural and mechanical 
characterization of the extruded 
materials to enable development 
of high strength and high ductility 
alloys. The project has been 
successfully completed achieving 
the envisaged objectives. Under 
this project, two different  
Mg-Al-Zn alloys, such as AZ91C 
and AZ31 were procured 
indigenously and technology for 
their hot extrusion into defect-
free circular rods was successfully 

developed. In this network 
project, several experiments  
were conducted to optimize 
the process parameters for 
hot extrusion for these alloys 
into different shapes, such as, 
circular solid rods, square section 
rods and hollow circular tubes.  
Microstructural characteristics 
and mechanical properties were 
investigated under different 
processing conditions (Fig.2.33). 
Compared to as-cast condition, 
substantial improvement in 
the mechanical properties 
was observed in the extruded 
condition. Extruded single-
phase microstructure for AZ31 
alloy was obtained, whereas 
for AZ91C alloy, a two-phase 
microstructure comprising of 
b-Mg17Al12 precipitates in a-Mg 
was produced. The distribution of 
the two phases in microstructure 
varied depending upon the 
extrusion conditions. Transmission 
electron microscopy (TEM) of the 
extruded AZ91C alloy showed 
presence of continuous b-Mg17Al12 

precipitates in different 
morphologies, such as, lathes/
globules/cuboids, etc. These 
precipitates are responsible for 
strength improvement in Mg-Al-
Zn alloys in addition to the grain 
refinement.

[B]	 CSIR TAP-SUN PROJECT

Technologies and Products 
for Solar energy utilization 
through Networks (TAP-
SUN): “Development of novel 
thermoelectric materials and 
devices for harnessing solar 
energy and waste heat” (CSIR 
Network Project  NWP 54)

Thermoelectric phenomena, 
which involve the conversion 
between thermal and electrical 
energy, are expected to play 
an increasingly important role 
in meeting the energy challenge 
of the future.  Thermoelectric 
devices may help to overcome this 
challenge by supplying means to 
produce energy by scavenging 
of waste heat with thermoelectric 
generators using thermoelectric 

Fig. 2.33:  Photograph of as-extruded circular rod of (a) AZ31 alloy and (b) AZ91C 
alloy; Optical micrographs of (c) as-extruded rod of AZ31 alloy and (d) as-extruded 
rod of AZ91C alloy. Both the micrographs show refined and equiaxed grain structure; (e) 
mechanical properties of AZ31 and AZ91C alloy in as-cast and as-extruded conditions.

Fig. 2.32: Hardness and Elastic Modulus 
of Al5083/SiCp nanocomposite with 
increasing SiCp content
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was mainly due to the retained 
nano-grained network after SPS 
with a crystallite size of ~15 nm 
and larger density of interfaces 
as shown in Fig.2.34b. Figure-of-
merit (ZT) of Si-Ge thermoelectric 
nanostructured alloy exhibited a 
significant improvement, which 
is above the value reported 
so far at this temperature. This 
enhancement in ZT is directly 
proportional to the efficiency of 
the thermoelectric device.

(2)	 Development of 
Magnesium Silicide 
and related alloys with 
enhanced figure-of-merit

Cost-effective and high-
performance Mg2Si based 
materials are of prime interest 
in thermoelectric conversion 
primarily due to their low density 
resulting in high conversion 
efficiency per unit mass as 
compared to other thermoelectric 
materials. Single-phase Mg2Si 
was synthesized using powder 
metallurgy route and employing 
high-energy ball-milling of 
elemental powders of Mg & Si 
in stoichiometric proportions, 
followed spark plasma sintering 
of the resulting powders, by 
optimizing various processing 
parameters.  The X-ray diffraction 
(Fig 2.35a) shows the complete 
formation of single-phase Mg2Si 
after spark plasma sintering at 
temperature 873 K, pressure 50 
MPa, sintering time of 10 minutes. 
The temperature dependence 
of thermal conductivity  
(Fig. 2.35b), Seebeck coefficient 

(1)	 Development of Si-Ge 
nanocomposites as an 
efficient thermoelectric 
material

The nanostructured n-type and 
p-type Si-Ge thermoelectric 
alloys were synthesized using 
high energy ball milling of 
elemental powders of Si & Ge 
with phosphorous and boron, 
respectively, as dopants followed 
by spark plasma sintering (SPS). 
The ball-milling and spark plasma 
sintering process parameters 
were optimized to obtain 
nanostructured SiGe alloys. After 
90 h of ball milling, a complete 
dissolution of germanium (Ge) in 
silicon (Si) matrix was observed 
forming the nanostructures Si-
Ge alloys.  X-ray diffraction 
analysis of Si-Ge nanostructured 
alloys indicated the crystallite 
size to be ~8 nm with a strain 
of 0.68 and this was confirmed 
by HRTEM analysis (Fig.2.34a).  
HR-TEM observations on spark 
plasma sintered Si-Ge alloys 
further confirmed that the 
reduction in thermal conductivity 

materials.  Therefore, currently 
there is an increasing emphasis 
on the development of advanced 
thermoelectric materials and 
their devices for generation of 
“clean” energy.  Thermoelectrics 
have long been too inefficient 
to be cost-effective in most 
applications, because most 
of the existing conventional 
thermoelectric materials have 
figure-of-merit ~ 1. Thus, the 
main technological challenge 
worldwide is in developing 
thermoelectric materials with 
higher figure-of-merit in order to 
make their devices more efficient 
and thus commercially viable 
and this is the main objective of 
this project.

During this year, the focus 
was on the design, synthesis, 
nanostructural characterization 
and thermoelectric property 
evaluation of several bulk 
nanostructured thermoelectric 
materials such as SiGe, Mg2Si, 
half-Heusler and other novel 
materials. 

Fig. 2.34: HR-TEM images of n-type Si-Ge alloy (a) milled for 90 h, showing large number 
of fine grains aligned in different directions (b) Retained nano-grained microstructure after 
SPS at 11000C-10min
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(Fig.2.35c) and electrical 
conductivity (Fig.2.35d) of spark 
plasma sintered Mg2Si are similar 
to that of the reported literature 
values. The improvement in 
figure-of-merit by doping third 
element in Mg2Si is presently 
under investigation.

(3)	 Development of 
nanostructured half-
Heusler Zr0.25Hf0.75NiSn as 
potential thermoelectric 
materials

Among promising thermo-electric 
materials for power generation, 
half-Heusler (HH) phases with 
general compositions (Hf,Zr)-NiSn 
and (Hf,Zr)CoSb have attracted 
tremendous attention because 
they involve cheap, abundant, 
lightweight and environmental 
friendly elements. However, it 
is well known that the ability to 
synthesize half-Heusler based 
materials with appreciable 

thermoelectric figures of merit, 
is hindered by their very 
large thermal conductivities in 
comparison to the other state-
of-the-art TE materials. The main 
aim of this work was to enhance 
thermoelectric figure of merit 
via simultaneous increase in the 
power factor and reduction in 
total thermal conductivity resulting 
due to nanostructuring followed 
by ball milling and spark plasma 
sintering (SPS) techniques in a 
simple n-type composition of HH 
Zr0.25Hf0.75NiSn compound without 
doping of Sb (Fig.2.36 & Fig 
2.37) which is a unique result in 
achieving significantly increased 
ZT at 773 K than earlier reports.  
The thermoelectric figure of 
merit has been observed to 
be drastically increased by 
nanostructuring in a simple 
n-type composition of HH 
Zr0.25Hf0.75NiSn compound without 

doping of Sb. A peak ZT value 
of 1.09 achieved at 773 K in 
nanostructured Zr0.25Hf0.75NiSn 
alloy (Fig. 2.38). The increase in 
the Seebeck coefficient, which 
is electronic in origin, is shown 
to be due to the increase in the 
expansion of unit cell volume, 
resulting in the localization of 
the upper valence transition 
metal d-states. On the other 
hand, the observed reduction 
in the thermal conductivity is 
attributed to be associated with 
the dense interfaces scattering 
the phonons. The transport 
parameters calculated using 
the Boltzmann’s equation within 
the constant relaxation time 
approximation match well 
with the experimental results  
(Fig. 2.39).

[C]	 IN-HOUSE PROJECTS

(1)	 Synthesis of Rare Earth 
free Permanent Magnetic 
Materials

The main objective of this project 
is to synthesis rare-earth free 
permanent magnetic material 
Mn-Al employing powder 
metallurgy. Elemental Mn and Al 
powders were ball milled for few 
hours under argon atmosphere in 
a high energy ball mill at 400 
rpm using stainless steel bowl 
together with 10 mm SS balls with 
ball to powder ratio of 15:1. The 
ball milled powder was then cold 
pressed for further treatment. 
The magnetic t-phase of MnAl, 
which is a metastable phase, was 
obtained by high temperature 
(1050-1150oC) solutionizing in 

Fig. 2.35: Properties of thermoelectric Mg2Si (a) XRD showing formation of single  
phase
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430mm, OD = 43mm & ID = 
40mm), having superconducting 
properties with minimum losses at 
the superconducting joints, which 
can carry more than 1000A at 
77K, has been developed and 
is presently under optimization. 
A joint HTS tube assembly made 
from such a process can be cost-
effective as it reduces the total 
loss to 1/10th when used as a 
current lead particularly in SC 
magnet systems.

To understand the nature of 
pairing and pinning in search of 
effective pinning centers, some 
basic studies (XRD, SEM/EDAX, 
R vs T, cac vs T, Ic and ESR) were 
carried out on (Bi,Pb)-2223 
samples doped with various rare 
earth (Dy, Pr, Tb, Yb, Sm, Eu) 
ions (0-0.10 mole%) employing 
solid state route (Tc decreases 
from 110K for pristine sample 
to 108~70K for RE doped 
samples) and MgB2. These studies 
revealed that Jc (at 60K, 0.05T) 
from 912 A/cm2 for pristine 
sample increases and reaches to 
a maximum of 1368-1720A/cm2 
for the lower RE concentration 

optimizing the synthesis technique 
and their process parameters.

(2)	 High Temperature 
Superconducting Materials 
& Devices

For the development of joint 
tubes of BPSCCO based HTS, 
a post-sintering process for 
making a long-length tube 
assembly of (Bi,Pb)-2223 (L = 

e-phase (hcp structure) followed 
by water quenching. Subsequent 
to that Mn-Al alloy was annealed 
at around 450-600oC for 
synthesis of t phase. The samples 
were characterized by XRD and 
SEM and magnetic properties 
were measured using a vibrating 
sample magnetometer. Efforts are 
presently underway to increase 
the magnetization of this alloy by 

Fig. 2.36:  X-ray diffraction patterns of HH samples at several stages of processing

Fig. 2.37 TEM images of SPS nanostructured Zr0.25Hf0.75NiSn HH samples; (a) Bright field TEM 
image, (b) SAED patterns showing the single crystalline nature of the individual grains, (c) 
high magnification image showing lattice distortion and highly dense grains (d) a nanoscale 
precipitates coherently embedded in the matrix.

Fig.2.38: Temperature-dependent thermoelectric properties and figure of merit (ZT) of bulk 
and nanostructured Zr0.25Hf0.75NiSn HH samples 

Fig. 2.39: (a) The fully relativistic band structure of Zr0.25Hf0.75NiSn half-Heusler calculated 
at equilibrium cell volume. The atom resolved band character of Zr0.25Hf0.75NiSn, along 
certain high symmetry points in the Brillouin zone with energy scale (y-axis) in units of eV. 
The flat bands highlight the band character of (top-left) Hf bands, (bottom-left) Zr bands, 
(top-right) Ni bands and (bottom-right) the Sn derived band characters. The horizontal 
dotted line along E=0 eV (Y-axis) refers to the Fermi energy. (b) Variation in the Seebeck 
coefficient as a function of temperature, calculated using the Boltzmann transport equation. 
The curves are for different cell volumes, as indicated by the legends.

 

Fig.2.40 VSM of high energy ball milled 
MnAl alloy after solutionizing at 1150oC 
for 5h followed by annealing at 500oC
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Materials Laboratory was set-up 
which is equipped with a Thermal 
Analyzer (Linseis, Germany model 
LFA 1000), Seebeck & Electrical 
Conductivity measuring unit 
(Ulvac-Riko, Japan, model ZEM-3),  
Vario-Planetary High Energy Ball 
Mills (Fritsch, Germany, model 
P-4 & P-5), X-ray Diffraction unit 
(Rigaku, Japan, model miniflex 
II), Spark Plasma Sintering Unit 
(SPS Syntex, Japan, model 
725), controlled atmosphere 
rapid-sintering Muffle furnace 
(Nabertherm, Germany, model 
P330) and thermoelectric sample 
preparation equipments.

BOOKS

(1)	 G.K.Padam, “Non Resonant 
Microwave Absorption 
(NRMA) Anomalies 
in High Temperature 
S u p e r c o n d u c t o r s 
(HTS) - Relevance of 
Electromagnetic Interactions 
(EMI) and Energy Stabilized 
Josephson (ESJ) Fluxons”  
in Superconductors - 
Properties, Technology, 
and Applications, Ed. by 
Y.Grigorashvili, Chapter, 5, 
pp 83-104, March 2012.

� 

is assigned to CESR. The 
disappearance of CESR indicates 
the pairing of electrons/holes on 
the formation of total ground 
state at Ef. Interestingly, the 
broad signal (CESR) has humps 
(as shown in Fig.2.41b),  which 
shows movement around on CESR 
on sample orientation through 0 
to 360° are due to Platzmann-
Wolf spin waves. Appearance of 
CESR along with Platzmann-Wolf 
SW is suggestive of enhanced 
exchange interactions in 
conduction band which can play 
a crucial role in electron/hole 
pairing and superconductivity. 

Major Facilities developed/
created/established during the 
academic year 2011-12 

Under the TAP-SUN project 
(NWP-54), Thermoelectric 

(0.005-0.01). A detailed study 
suggested this effect may be 
due to the occurrence of possibly 
virtual bound states (VBS) formed 
as a result of RE dopings, which 
serve as effective pinning centers 
for magnetic flux lines hence 
contributing to enhancement  
of Jc.

Studies of ESR in MgB2 at 
different temperatures and for 
different orientations (0-360°) 
were carried and are typically 
shown in Fig.2.41.  In the normal 
state, it shows two signals: sharp 
and broad. The sharp signal (g~ 
2.00) increases (by several folds) 
on cooling (as shown in Fig.2.41a) 
is the typical behaviour of a 
paramagnetic impurity. The 
broad signal on which the sharp 
signal is overlapped, disappears 
in the superconducting state 

Fig. 2.41a Fig. 2.41b
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jk"Vªh; HkkSfrd iz;ksx'kkyk dk jsfM;ks ,oa ok;qeaMyh; foKku izHkkx ¼vkj,,lMh½ jsfM;ks HkkSfrdh vkSj vuqiz;ksx] varfj{k 
ekSle vkSj vk;ueaMy] i`Foh ds ok;qeaMy dk jlk;fud vkSj HkkSfrd laxBu] ok;qeaMyh; iznw"k.k vkSj tyok;oh ifjorZu 
vkfn ds {ks=ksa esa jk"Vª dh oSKkfud vko';drkvksa dh iwfrZ djrk gSA bl izHkkx esa fd, tk jgs fofHkUu vuqla/kku ,oa 
fodkl dk;ks± dks pkj O;kid fØ;kdykiksa dh Js.kh esa foHkkftr fd;k x;k gS % (i) jsfM;ks foKku] (ii) ok;qeaMyh; j;k;u] 
(iii) ok;qeaMy dk LisDVªe foKku] vkSj (iv) ok;qeaMyh; HkkSfrdh gsrq vuqdkj vkSj ekWMfyaxA

jsfM;ks foKku % bl fØ;kdyki ds varxZr eq[;r% Hkkjrh; vkSj /kzqoh; {ks=ksa ds Åij vk;fur vkSj vuk;fur ok;qeaMyh; 
iz{ks= ds vfHky{k.kksa dks Kkr djus rFkk jsfM;ks lapkj] ukSogu vkSj vU; mUur vuqiz;ksxksa esa lq/kkj ykus dh n`f"V ls jsfM;ks 
lapj.k dk v/;;u laca/kh dk;Z vkrs gSaA blesa 150] 320] 440] 900 vkSj 1800 esxk gV~tZ ds lfUudV fofHkUu ÝhDosalh 
cSaMksa esa ladh.kZ cSaM flXuy Lrjksa dk ekiu] thih,l] VkseksxzkfQd fjlhojksa] vk;u lksan vkfn lfgr mixzg vkSj Hkw&vk/
kkfjr fuxjkuh iz.kkfy;ksa dk mi;ksx djds vk;ueaMyh;@LFkyeaMuh; iSjkehVjksa ls lacaf/kr fuxjkuh vkSj ekWMfyax ls 
lacaf/kr fØ;kdyki 'kkfey gSaA ge vius varfj{k&ekSle {ks=h; psrkouh dsanz ¼vkjMCY;wlh] ,uih,y] Hkkjr½ ds ek/;e 
ls vius fo'o Hkj ds iz;ksDrkvksa ds fy, vk;ueaMy laca/kh iwokZuqeku@lekpkj iz;kj.k ls lacaf/ kr dk;Z Hkh djrs gSa rFkk 
geus varjkZ"Vªh; lanHkZ vk;ueaMy ¼vkbZvkjvkbZ½ ekWMy esa fujarj lq/kkj Hkh fd;k gSA

ok;qeaMyh; jlk;u foKku % bl foHkkx dk ,d oSKkfud lewg fofHkUu lzksrksa ls xzhu gkml xSlksa ds mRltZu ds laca/k esa 
tkudkjh gkfly djus] ns'k ds xzkeh.k {ks=ksa esa iz;ksx esa yk, tk jgs ck;ksekl b±/kuksa ls fudyus okys df.kdke; inkFkks± 
vkSj lw{eekf=d xSlksa ¼lYQj MkbZ vkWDlkbM] ukbVªkstu vkWDlkbM vkSj ukbVªkstu MkbZ vkWDlkbM½ rFkk ySaMfQyksa vkSj 
[ksrksa esa yxh xsagw ,oa /kku dh Qlyksa ls gksus okys mRltZuksa dh ek=k dk vkdyu djrk gSA blds lkFk gh ge vR;k/
kqfud rduhdksa dk iz;ksx djrs gq, rFkk lzksr ij gh tkudkjh gkfly djds] ns'k ds fofHkUu {ks=ksa rFkk blds ifjos'kh 
egklkxjksa] fgeky; vkSj /kzqoh; {ks=ksa esa fLFkr df.kdke; inkFkks± vkSj buls iwoZ mRlftZr inkFkks± dk jk;k;fud vfHky{k.k 
Kkr djus ls lacaf/kr fØ;kdykiksa esa layXu gSaA ;g lewg fofHkUu ekWMyksa dk iz;ksx djds vkSj fuxjkuh ds tfj, 
ok;qeaMyh; vkstksu] blds jklk;fud laxBu vkSj bldh xfrdh dk v/;;u ¼blds dkj.k ekuo ds LokLF; ij iM+us 
okys ykHkdkjh@izfrdwy izHkkoksa dk v/;;u½ Hkh djrk gSA

ok;qeaMyh; LisDVªe foKku % bl izHkkx esa ijkcSaxuh] n`'; vkSj vojDr LisDVªe jsat esa ok;qeaMy lEca/ kh LisDVªksLdksih 
djds ok;qeaMyh; ,sjkslksy] lw{e ekf=d xSlksa] lkSj fofdj.k vkSj muds izHkkoksa ds laca/k esa O;kid lwpuk lax`ghr dh tkrh 
gSA buls ok;qeaMyh; ,sjkslkWy ds izdk'kh; vkSj HkkSfrd vfHky{k.kksa dks Kkr djus rFkk xSl lSEiyksa ;k ok;qeaMyh; LraHk 
esa mifLFkr lw{e ekf=d jlk;uksa dh jk;k;fud lajpuk dks Kkr djus esa lgk;rk izkIr gksrh gSA bl izHkkx }kjk gky 
gh esa mPp foHksnu fooDr&iFk ,QVhvkbZvkj] fyMkj tSls vk/kqfud midj.k vf/kizkIr fd, x, gSa ftuls ,sjkslkWy dh 
izdk'kh; xgjkbZ] ,sjkslkWy dk Å/okZ/kj izksQkby] ,sjkslkWy ds veki forj.k] ,sjkslkWy ds izdh.kZu vkSj vo'kks"k.k xq.kkadksa] 
,dy izdh.kZu ,sfYcMks ¼,l,l,½] izdk'kh; xq.kksa] jk;k;fud xq.k&/keZ vkfn ij ,sjkslkWy dh vkd`fr vkSj blds veki ds 
izHkko dk v/;;u djus esa lgk;rk izkIr gksrh gSA

ok;qeaMyh; HkkSfrdh gsrq vuqdkj vkSj ekWMfyax % gkykafd xf.krh; ekWMfyax bl izHkkx ds lexz fØ;kdykiksa dk ,d 
lesfdr fØ;kdyki gS] rFkkfi bl fof'k"V lewg dk mís'; ok;qeaMyh; izØeksa dk vuqdkj vkSj vocks/ku izkIr djus ds 
fy, LisDVªe foKku] jk;k;fud vkSj HkkSfrd xq.k&/keZ fu/kkZj.k vkfn ds tfj, izHkkx esa lax`ghr fofHkUu vkadM+ksa dks lesfdr 
djuk gSA orZeku esa iz;ksx esa yk, tk jgs dqN ekWMyksa esa] tyok;q ifjorZu] ifjn`'; fodkl ekWMy] ,e,thvkbZlhlh] 
eh dksM dk iz;ksx djds ,sjkslkWy izdk'khy ekWMy] fMLØhV Mkbiksy ,ijksfDles'ku ¼MhMh,½ vkSj Vh&esfVªDl] jsfM,fVo 
VªkalQj ekWMy] ,lchMh,vkjVh vkSj e/;e {kerk okys ok;qeaMyh; Vªkalfe'ku ekWMy ¼ekWMVªku½ rFkk ok;qeaMyh; izØeksa 
gsrq izfrØkeh izdk'k jk;k;fud vkSj xfrdh; ekWMy ds uke mYys[kuh; gSaA

jsfM;ks ,oa ok;qeaMyh; foKku
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The Radio and Atmospheric Sciences Division (RASD) of NPL caters to the scientific needs of the 
nation in the area of radio physics and applications, space weather and ionosphere, chemistry 
and physics of the earth atmosphere, atmospheric pollution and climate change etc. Different R&D 
works being done in this division have been categorized into four broad activities as follows :

Radio Science : Here we are mainly involved in the characterization of the ionized and non-ionized 
atmospheric media over  the Indian and Polar Regions and studying radio propagation for the 
purpose of betterment of radio communication, navigation and other advance applications. This 
involves narow band signal level measurements in various frequency bands near 150, 320, 440, 
900 and 1800 MHz, monitoring and modeling related to ionospheric/tropospheric parameters 
using satellites and ground based monitoring systems, including GPS, Tomographic Receivers, 
Ionosonde, etc. We also provide ionospheric forecasting/nowcasting to users worldwide through 
our space weather Regional Warning centre (RWC, NPL-India) and have consistently improved 
the International Reference Ionosphere (IRI) model.

Atmospheric Chemistry : Our vibrant atmospheric chemistry group is engaged in developing 
the Greenhouse gas (GHG) inventory from different sources, emission estimates of particulate 
matter (PM) and trace gases (SO2, NO and NO2) from biomass fuels consumed in rural sector 
of our country, emissions from land fills and wheat and rice crop fields etc. At the same time we 
also do chemical characterisation using state-of-the-art techniques and source apportionment of 
particulate matter (PM) and precursors at different regions in the country, including the surounding 
oceans, Himalayas and poles. This group also studies the atmospheric ozone (good as well as 
bad), its chemistry and dynamics using various models and observations.

Spectroscopy of Atmosphere : A wide range of information about the atmospheric aerosols, trace 
gases, solar radiation and their interactions are obtained in the division by doing spectroscopy of 
the atmosphere in the UV, Visible and NIR-IR spectral range. It enables the optical fand physical 
characterisation of the atmospheric aerosols and help in identifying the trace chemical constituents in 
the gas samples or in the atmospheric column. The high resolution Open-Path FTIR, micro-pulse LIDAR are 
the recent modern equipments that supplement the study of aerosol optical depth, vertical profile of 
aerosols, aerosol size distribution, scattering and absorption coefficients of aerosols, single scattering 
albedo (SSA), effect of aerosol shape and size on optical properties, chemical characterization, etc.

Simulation and Modeling for Atmospheric Physics : Although, mathematical modeling is an 
integral part of all the groups in the division, the purpose of this particular group is to assismilate the 
various data generated in the division through spectroscopy, chemical and physical characterisation 
etc. to simulate and understand the atmospheric processes. Some of the models that are currently 
in use include Climate Change scenario development model MAGICC; Aerosol optical model 
using Mie-code, Discrete Dipole Approximation (DDA) and T-matrix; Radiative Transfer models 
SBDART, and moderate resolution atmospheric transmission model (MODTRAN); and Regressive 
Photochemical and Dynamical model for atmospheric processes. 

Radio and Atmospheric Sciences
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code and ITU-R methods 
reported good agreement 
and lower standard deviations 
compared with other methods. 
The advantage of using AWAS 
electromagnetic code is that it 
does not require any building 
information and was able to 
compete with other empirical 
methods and followed the trend 
of observed data in most of the 
cases. High path losses and large 
path loss variance observed at 
closer distances to the transmitter 
were not explained by the 
prediction methods. It seems till 
the break point the dominant 
propagation mechanism is in 
horizontal mode and beyond this 
it changes into vertical one. At 
close to the transmitter high path 
loss exponents were observed 
and after a certain distance 
at the end of the near field or 
beginning of far field zone path 
loss exponents settled to a value 
of 3 and remained for rest of 
the distances. High path loss 
exponents observed can make 
the operators to rethink on the 
margins provided by them and 
this study is useful for the design 
of upcoming 3G and wimax 
systems in these regions and 
similar regions.

Radio Science

Comparison  of 1.8 GHz cellular 
outdoor measurements with 
AWAS electromagnetic code 
and conventional models over 
urban and suburban regions 
of northern India

An attempt is made to 
investigate the suitability of 
various prediction models using 
the 1.8 GHz cellular frequency 
narrowband measurements   
conducted in urban and suburban 
areas of Delhi in northern India. 
In total  11 base stations were 
utilized in the study out of which 
3 stations fall in the urban 
category, 6 in dense urban 
category and 2 in suburban 
category. The observed signal 
levels converted into path loss 
values were compared with 
different  models. Apart from 
this the major contribution of this 
study is the comparison of the 
above results with the predicted 
ones of AWAS electromagnetic 
code in the near field and far 
field zones. The deviations of 
all the methods and standard 
deviations are presented. Path 
loss exponents and break point 
distances have been deduced. 
A typical figure showing the 
comparison of observed path 
losses with that of AWAS, COST 
231 Hata, ITU-R, Walfisch-
Ikegami, Dmitry models is shown 
in figure 3.1.

An analysis of prediction errors 
and standard deviations showed 
that AWAS electromagnetic 

 

Fig. 3.1 Comparison of observed path 
losses
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Fig 3.3. Shows the variation of F2 layer critical frequency foF2 and ΔfoF2 at Okinawa, 
Yamagawa and Kokubunji (Japanese stations) .

 

Fig. 3.2 A typical diagram showing the 
comparison of path loss for Ajay Amar 
cooperative housing society (AAC)

Experimental investigation 
of GSM 900 MHz results over 
northern India with AWAS 
electromagnetic code and other 
prediction models 

In the above study using 10 
base stations of GSM 900 MHz 
signals measurements conducted 
in Delhi and surrounding areas 
were validated with AWAS 
electromagnetic code and other 
prediction models. The results 
have been explained in terms 
of transitions in the near and far 
field zones. Path loss exponents 
and break point distances have 
been deduced. In most of the 
cases path loss exponent falls 
rapidly at distances close to 
transmitter and settled at values 
around 3 for rest of the distances. 
The data validated many of the 
Sommerfeld’s propositions.

Analysis of WiMAX radio 
measurements and comparison 
with some models over dense 
urban western India at 2.3 GHz

An experimental campaign 
was conducted in the dense 
urban region of Mumbai using 
WiMAX transmissions at 2.3 
GHz, for seven base stations. 
The observed signal levels 
converted into path losses were 
compared with the various 
prediction methods, namely, 
COST-231 Hata, ECC, SUI, 
ITU-R (NLOS) as well as with the 
least square regression method.  
A typical diagram showing 
the comparison for Ajay Amar 
Cooperative housing society 
(AAC) is shown in figure 3.2. The 
path loss exponents, the ME and 

the SD of all the methods have 
been deduced and compared to 
measured values. The cdf values 
of prediction errors have also 
been compared. The different 
statistical parameters have 
been deduced and the best fit 
distribution for the cdf curves has 
been found. The prediction errors 
of the SUI and the ITU-R NLOS 
models are considerably higher 
than those of the COST-231Hata 
and the ECC models. The Poisson 
distribution is the one that best 
represents the statistics of the 
prediction error for regression 
analysis and for the COST-231 

Hata model, whereas the other 
models follow the negative 
binomial distribution. The COST-
231 Hata and the ECC methods 
give a good agreement with the 
measured data than the other 
methods. 

Ionospheric F2 –region 
variability and sudden 
stratospheric warmings

The low latitude ionospheric F2 
–region is known to show a large 
day to day and hour to hour 
variability. Some of this variability 
has been related to sudden 
stratospheric warmings (SSWs). 
We therefore investigated the 
extent of  ionospheric response 
to a number of stratospheric 
warming events using ionosonde 
data from six different stations  
in the Asian zone thus covering 
a broad latitudinal range 
(Fig 3.3). In nearly all cases, 
we find that ionospheric F2-
region responds to stratospheric 
warming within a week or two 
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from the day of the event, with 
an increase in foF2 around 10 hr 
L.T. and a decrease around 16 
hr LT at the low latitude stations. 
These results are in conformity 
with those observed with the 
GPS TEC data for the 2008 and 
2009 SSW events and attributed 
to the semidiurnal changes in 
the vertical ion drifts. Further, 
it seems to us that it is difficult 
to quantify the changes in foF2 
as well as in the response times 
involved in these events. While 
the physical mechanisms for 
the ionospheric variability are 
known, the variability observed 
in the ionospheric data cannot 
be predicted with precision. 

Daytime additional F-layer 
stratification seen over Delhi 
under geomagnetic disturbed 
conditions:

F-layer stratification is seen at 
Delhi a region which is situated 

at the outer edge of equatorial 
ionization anomaly (EIA) zone. 
The digital ionosonde data 
observed over Delhi (28.6° N, 
77.2° E, dip 42.44° N) during 
March-April, 2011 has been used 
to carry out the present work on 
F-layer stratification over Delhi 
(Fig. 3.4). The observational 
period was geomagnetically 
disturbed and represents the high 
solar activity phase of 23rd solar 
cycle. The additional transient 
cusp is frequently observed in 
the considered months before 
the noon hours; however, in this 
report only five prominent cases 
are presented. From the analysis 
of ionograms, it is observed that 
the transient additional cusp is 
formed between the pre-existing 
F1 and F2 layer; hence, named 
as the cusp of F1.5. Study reveals 
that the Traveling Atmospheric 
Disturbances (TADs) along with 
the vertical expansion of F-layer 

provides the necessary condition 
for the existence of this transient 
feature.

Atmospheric Chemistry

Uncertainty reduction in 
methane emission estimation 
from landfills in Delhi

In developing countries such as 
India, inventory estimates of 
methane (CH4) emission from 
landfills have large uncertainties 
due to inadequate data 
availability on Municipal Solid 
Waste (MSW) management and 
CH4 emissions factors. During the 
cradle to grave process, MSW 
passes through various stages 
such as sorting of recyclable 
and compostable materials 
before final disposal to landfills. 
These stages may change the 
quantity and properties of waste 
ultimately reaching the landfill 
sites, thereby influencing GHG 
(i.e. CH4) emissions. An effort has 
been made to carry out in-situ 
measurements of GHG emission 
fluxes in Delhi’s three landfills, 
namely (a) Ghazipur (GL), (b) 
Bhalswa (BL) and (c) Okhla (OL), 
for generation of representative 
CH4 emission factors (EF) for 
reduction of uncertainties in the 
inventory estimates. The CH4 
emission estimations for Delhi’s 
landfills, based on site specific 
CH4 emission factors (EFs), are 
also compared with the CH4 
emission estimates developed 
using other available methods 
like the IPCC Default  Method 
(DM), IPCC First Order Decay 
(FOD) and Modified Triangular 
Method  (MTM) for each of the 

 

Fig. 3.4: Sequential Ionograms on April 06, 2001 shows the presence of additional cusp 
which is marked by the circle.
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three landfill sites. The time series 
estimations revealed that, the in-
situ measurement methodology, 
capturing the actual CH4 
emissions, results in the lowest 
CH4 emission estimates thereby 
indicating that the other three 
methodologies may be over 
estimating the CH4 emissions 
(Fig 3.5). It is also observed 
that, the in-situ method yields 
CH4 emission values close to 
FOD values in most of the cases 
except for the OL where organic 
matter as well as Degradable 
Organic Carbon (DOC) contents 
are less compared to the other 
two landfills. It shows that the 
FOD method would results in 
comparable values for CH4 
emission estimates with that of 
in-situ method if good quality 
MSW composition data is 
available.

The annual CH4 emissions have 
been found to be increasing 
during the last decade in all the 
three landfills of Delhi except in 
OL where the recycling activities 
are quite strong. Methane 
generation trend during the 
first phase (i.e. from 1 to 6 
years) of MTM is almost similar 
with the FOD but differed in 

second phase (i.e. from 7 to 
15 years) when MTM showed 
higher values than the FOD 
values with average difference 
in CH4 emissions in MTM & FOD 
methods is about 3 Gg in the 
three landfills. The estimation 
using in-situ methodology 
showed that only 10.2 Gg CH4 is 
emitted from the three landfills 
in Delhi during 2008-09 period. 
The total CH4 emission estimation 
for the Delhi’s landfills by other 
methods yielded the values of 
31.1 Gg by FOD, 41.1 Gg by 
MTM and 45.7 by DM for 2008-
09 period.

Chemistry and sources of trace 
metals in PM10 aerosols over 
Delhi region

Figures 3.6A and B show % 
contribution of various metals in 
PM10 aerosols during Diwali days 
and normal days spread over 
three months respectively. Figure 
1A clearly indicates a very sharp 
peak of all the metals except 
Cd on Diwali day. The highest 
contribution was observed for K 
followed by Mg, Cu, Mn, Fe, Zn 
and Cd respectively. This is due 
the reason that different salts of 
metals are used in the crackers 
and fireworks for colouring 

effects. These results clearly 
establish the role of crackers 
and fireworks for high levels of 
metal emissions and accumulation 
in the atmosphere during Diwali 
festival days. During normal 
days, spread over a period of 
three months, the levels are much 
lower as indicated by Figure 1B. 
As other sources also contribute 
to emissions of metals in the 
atmosphere like dust, industries, 
vehicular traffic etc., these levels 
are expected. Low levels of 
metals in September may be due 
to relatively clean atmosphere 
after monsoon. The levels of 
metals during October before 
Diwali are on little higher side 
which may be expected due to 
festival season. Mostly, people 
use their personal vehicles for 
shopping purpose. The study of 
these metals in the atmosphere 
is of serious concern as excess 
levels may be cause serious 
health effects.

Role of ambient ammonia in 
the formation of inorganic 
aerosol over Indo Gangetic 
Plain (IGP) of India

Mixing ratio of ambient NH3, NO 
and NO2 were measured along 
with particulates at urban sites 
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Fig. 3.5: Methane emission estimation by 
different methods for (a) Ghazipur (GL), 
(b) Bhalswa (BL) and (c) Okhla (OL). Fig. 3.6: % contribution of various metals in PM10 aerosols at Delhi

(Fig-1A) (Fig-1B)
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of Chandigarh, Delhi, Varanasi 
and Kolkata of IGP of India to 
study their variability and role 
of ambient NH3 in the formation 
of aerosol. During winter (2011-
12) the day time average 
mixing ratio of ambient NH3 was 
recorded as 11.95 ± 1.36 ppb 
and night time as 12.11 ± 0.48 
ppb at Delhi. The day night ratio 
of ambient NH3 was computed 
as 0.79 (night time value: 48.3 
± 8.1 ppb) at Kolkata whereas 
0.80 at Chandigarh (night time 
value: 8.1±1.1 ppb). During 
winter the mixing ratio of ambient 
NH3 at Kolkata was recorded 3 
times higher than the Delhi and 
Chandigarh. The higher mixing 
ratio of ambient NH3 at Kolkata 
may be due to source strength and 
meteorological conditions of the 
observational site. Similarly, NO 
and NO2 mixing ratios were also 
recorded higher at Kolkata than 
Delhi and Chandigarh. Figure 
3.7 shows the monthly variation 
of NH3, NO and NO2 at Delhi. 
A good correlation of SO4

2- and 
NO3- with NH4+ (NH4+ vs. SO4

2-, 
r2 = 0.91; NH4+ vs. NO3-, r

2 = 
0.96) and NH3 (NH3 vs. SO4

2-, r2 
= 0.90; NH3 vs. NO3-, r

2 = 0.91) 
indicates the formation of aerosol 
over Delhi. More or less similar, 
correlations were also recorded 
over Chandigarh and Kolkata.

Spectroscopy of Atmosphere
First solar occultation spectra 
recorded at NPL using OP-
FTIR, Delhi 

Solar occultation spectra (total 
22) of good quality have been 
recorded in Delhi (NPL) on 

March 28, 2012 with the Filter 6 
(2500-3280 cm-1) using Bruker 
125 HR at NPL. The signal to 
noise ratio (SNR) and spectral 
resolution seem adequate for 
the use of these spectra to 
retrieve atmospheric trace gases 
profiles. The signatures of C2H6 
and N2O (troposphere) and HCl 
(stratosphere) are detected. The 
signatures of C2H2 (around 3250 
cm-1) and HCN (around 3287 
cm-1) are not detected probably 
because they are at the upper 
end of the filter 6 spectral 
domain. The quality of spectra 
is being checked in the other 
spectral domains. The priority 
is being given to tropospheric 
gases such as O3 (filter 3: 900-
1300 cm-1), CO (filter 5: 2020-
2500 cm-1), C2H2 and HCN (filter 
7: 3500-4150 cm-1).

The first preliminary retrievals 
performed for the above spectra 
are encouraging. We have 
successfully retrieved realistic 
profiles of N2O and C2H6 in 
the troposphere. Concerning 
HCl, the narrow absorption line 
located at 2985.9 cm-1 seems to 
have the right shape and width 
indicating a correct alignment 
of the spectrometer. Retrievals 
of HCl (stratospheric) and other 

trace gases are ongoing. The 
typical solar spectrum (with filter 
# 6) is shown in Figure 3.8. 

Calibration of aerosolized 
NH4 and SO4 using FTIR 
spectroscopy

FTIR spectroscopy has been 
recognised as a potential tool 
for molecular fingerprinting 
of several key constituents of 
atmospheric particles. However, 
quantifications using this rapid 
and non-destructive analytical 
tool is highly dependent on quality 
of primary calibrations using 
engineered aerosols of known 
chemical composition. (NH4)2SO4 
particles were generated from a 
standard (known concentration) 
and collected on PTFE filters at 
varying time intervals in order 
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Fig. 3.7. Monthly variation of ambient NH3, 
NO and NO2 over Delhi.

Fig. 3.8: The typical solar spectrum (with 
filter # 6) at Delhi

to examine the IR absorbance 
variations against varying 
amount of analyte as shown in 
the Figure 3.9. IR absorbance 
appear to show good linearity 
at 1420 cm-1 (for NH4

+) and 
1115 cm-1 (for SO4

-2). 

Daily broadband global and 
UV radiant fluxes at Delhi

Figure 3.10 shows the day-time 
(07: 00 to 19 : 00 h) daily average 
variation of solar broadband 
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global radiation flux (G) along 
with the UV radiation flux (GUV) 
as observed on a horizontal 
plane during the period of 
measurements over Delhi. The 
data were recorded at every 2 
min of interval and hourly values 
of radiation were derived by 
integrating the data every hour. 
The G and GUV radiation fluxes 
show similar pattern throughout 
the observation. The day-time 
daily-averaged GUV flux varied 

following table.

Parameter Range Measurement 
uncertainty at coverage 

factor (k=2; level of 
confidence 95%)

Ozone (0-500) 
ppb

U(x) =
[(1.0)2+(0.020x)2]1/2

x = ozone concentration
U(x) = Q[1.0, 0.020x]; 
where Q[a,b]=[a2+b2]1/2

 

 

 

Fig. 3.9: IR absorbance variations against 
varying amount of analyte.

Fig. 3.10: Day-time (07:00 to 19:00 h) daily 
average variation of G and GUV at Delhi.

Fig. 3.11: Monthly mean pattern of 
spectral AOD and Angstrom parameters 
(a): the contour map showing the spectral 
variation of AOD (b) time-series of α and β

between 0.15 and 1.23 MJ m–2 
with an average annual value of 
0.67 ± 0.24 MJ m–2. Similarly, 
the daily-averaged G varied in 
the range 3.36–27.02 MJ m–2.

Long term spectral variation of 
Aerosol Optical Depth (AOD) and 
Angstrom parameters at Delhi

With a view to examining the 
seasonal, annual and inter-
annual variations, the monthly 
mean values of spectral AODs 
and Angstrom parameters were 
estimated from the time series of 
the daily mean data. The contour 
map showing the spectral AOD 
variations for the entire period 
of study is shown in top panel 
of Figure 3.11a. The monthly 
mean values are in the range of 

~0.25- 1.5 at 500 nm with strong 
seasonal/annual variations in 
both spectral AOD as well as 
in spectral gradient along with 
a weak but significant inter-
annual variability. The seasonal 
changes in the spectral variation 
of AOD is clear from the figure 
with comparatively steeper 
spectra during winter/post 
monsoon season and the spectra 
is found to be exceptionally flat 
during summer followed closely 
by the monsoon season as the 
AOD at longer wavelengths are 
comparable to that of AOD at 
shorter wavelengths 500 nm. It 
is interesting to observe a weak 
decreasing trend in the spectral 
AODs as the year progresses 
from 2001 to 2011. Among the 
Angstrom parameters (Figure. 
3.11b), the highest value of a 
(~1.1) is observed during January 
2008 and the least value (~0.1) 
during July 2002. The turbidity 
parameter b shows similar 
variations as that of AOD.

Ozone standard at NPL, Delhi 

The CMC for Ozone standard 
(SRP43) has been filed. The 
expanded uncertainty and 
the range of measurement for 
Ozone have been shown in the 

Simulation and modeling for 
atmospheric physics :

Modeling clearness index over 
Delhi

The clearness index (KT) is 
defined as a ratio of the global 
solar radiation measured at the 
surface to the extraterrestrial 
radiation. The extraterrestrial 
radiation was modelled for Delhi 
using the various parameters. 
Variation of hourly KT values 
during April 2010 to March 
2011 is displayed in Figure 
3.12. The day 1 in the x-axis 
corresponds to 1 April 2010. The 
contour clearly shows enhanced 
values during mid-day and 
highest values during the month 
of April 2011. The low KT values 
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during the monsoon may also be 
noticed. From this study we have 
found that at Delhi during highly 
cloudy or overcast conditions 0 ≤ 
KT ≤ 0.15, during partial cloudy 
or hazy conditions 0.15 ≤ KT ≤ 
0.21 and for clear sky conditions 
KT > 0.21. Further, during foggy 
days in winter the KT values were 
found lying in the range 0.12–
0.18. A strong anti-correlation 
with correlation coefficient 
–0.75 is observed between AOD 
at 340 nm and KT indicating a 
decrease in KT with increasing 
AOD. For every unit increase 
in AOD, KT decreases by 0.06.

Figure 3.13 shows the frequency 
distribution (frequency of 
occurrence) and cumulative 
frequency for every 0.03 interval 
of the daily clearness index 
obtained during 1 April 2010 to 
31 March 2011 at Delhi. It shows 
that during most of the year 
(about 50%) daily KT values lies 
between 0.18 and 0.24 for the 
annual distribution with marked 
peak value in the interval 0.21–
0.24. About 40% of the days in 
the year, the daily KT values are 
below 0.18 and only during the 
remaining 10% of the days it 
goes beyond 0.24.

F2 region response to 
geomagnetic disturbances 
across low latitude ionosphere:

The morphology of ionospheric 
storm has been investigated 
across equatorial and low 
latitude of Indian region. 
The deviation in F2 region 
parameters at equatorial stations 
Thiruvananthapuram (8.5oN, 
76.8oE) and Delhi (28.6oN, 
77.2oE) have been studied 
during five geomagnetic storm 
periods. The southward polarity 
reversal of the z component of 
the interplanetary magnetic 
field, Bz, is found to be highly 
correlated with the storm sudden 
commencement (SSC). Both 
positive and negative phases 
have been noticed during the 
study and it is observed that in 
spite of local time variation in Dst, 

most of the cases have been 
noticed at low latitude station of 
varying amplitude of deviations 
from the mean quiet day value. 
Due to disturbed electric field 
the simultaneous height rises 
have been noticed at these 
stations, with higher amplitude 
at Delhi in between 0000 to 
0600 EMT. Positive deviation 
in foF2 is also observed across 
low latitude station during the 
storm which is attributed to 
daytime eastward electric field 
penetrating promptly from high 
to low latitudes. It may also be 
concluded that the reaction as 
seen at different ionospheric 
stations may be quiet different 
during the same storm depending 
in the station coordinates, local 
time of the magnetic disturbance 
beginning.

Phased array acoustic wind 
profiler

Both hardware and software  
modifications  of  the indigenously 
developed Phased Array 
Acoustic Wind Profiler  have  
been initiated  with  NI LabVIEW 
based design with a view to 
upgrade the existing system to 
enable  continuous measurement 
of  boundary layer winds with 
high resolution.   Data acquisition 
and signal processing  software 
development in LabVIEW has 
been completed and tested for 
vertical mode and  remaining  
work is progressing.  With 
the ongoing modification, the 
wind profiler  can be used to 
generate Integrated boundary 

 

 

Fig. 3.12. Contour plot of clearness index 
(KT) during 1 April 2010 to 31 March 
2011 at Delhi

Fig. 3.13. Frequency of occurrence 
along with cumulative frequency of daily 
clearness index from April 2010 to March 
2011 over Delhi.

the corresponding deviation in F 
layer parameter vary with the 
intensity of the storm as well as 
latitude of the observing stations 
(Fig 3.14). The positive storm 
phase over equatorial stations 
are found to be more frequent 
while the drop in ionization in 
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layer winds (IBLW) and make it 
possible to study  the occurrence 
of nocturnal low level jets (LLJ).  
LLJs occur over the mixing layer 
of the nighttime boundary 
layer and conditions for the 
occurrence of  LLJs exist over 
the vast planes around Delhi, 
especially during post-monsoon 
and winter months, and the role 
of LLJs in long range transport 
of RSPM from far off  polluting 
sources is something that can be 
investigated.  Other boundary 
layer parameters, such as, 
stability class, mixing height, 
obukhov length, and friction 
velocity can also be generated.

Major facilities installed 
Recently we have installed the 
GRIMM Wide Range Aerosol 
Spectrometer (Scanning Mobility 
Particle Sizer + Optical Particle 

Counter) at the NPL Terrace 
and the instrument has been 
operational since October 2011. 
The system measures the size 
distribution of the near surface 
aerosols varying from 5.5 nm to 
32 µm in 71 size channels. The 
system is a unique combination of 
optical (optical particle counter) 
and electrical mobility particle 
sizing technologies (Scanning 
Mobility Particle Sizer (SMPS)). 
The SMPS measures the particles 
mostly in the nano size regime 
(5.5 to 250 nm) and the optical 
particle counter provides the size 
distribution of coarser particles 
of the order of micrometers (250 
nm to 32 µm). This is a stand-
alone system with an automatic 
sample air dehumidification and 
moisture extraction system along 
with separate air conditioning 
facility. In addition, the system 
includes meteorological sensors.

� 

 
 Fig.3.14 Variation of hourly values of Dst index, Bz intensity, and actual deviations of foF2, 

h`F from mean value of five quite days of the month during the geomagnetic storm event of 
01-04/10/01 and 24-26/11/01.
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The major activities of this division are:

1	 Maintenance of time standard

2	 Dissemination of time standard via ultra stable time links

3	 Development of ultra stable atomic frequency standard 

4	 Calibration services

5	 Improvements in Power Backup System

This division is mainly responsible for the maintenance of Indian Standard Time, its traceability and 
its dissemination. The division also provides calibration services for atomic clocks and frequency 
sources. Major R&D activity of the division is development of primary frequency standard namely 
cesium atomic fountain.

Time & Frequency Standards
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Precise Timing Systems
Maintenance of Time Standard

National Physical laboratory, 
India is a custodian of Indian 
Standard Time (IST). There  are 
five commercially available Cs 
Clocks for recording of time data 
and one of them is designated 
as the reference clock NPLI. This 
clock is continuously traceable to 
BIPM through GPS network by 
common view GPS technique. The 
reference clock has been recently 
upgraded with a Hydrogen maser. 
A complete automation system for 
the generation of Time Scale UTC 
(NPLI) has been put in place and 
is being continually improved. The 
block diagram of this automatic 
Time scale development system 
is shown in figure 4.1 and actual 
implementation of the system 
at NPLI is shown in figure 4.2. 
Hydrogen maser is shown in figure 
4.3. The plan is to generate UTC 
(NPLI) from several atomic clocks 
which are together treated 
as an ensemble. The phase 
differences of all pairs of clocks 
are recorded at regular intervals 
of time using automatic switching 
system (shown in figure 4.4). 

These readings are combined 
through an algorithm designed to 
generate a smoother time scale 
rather than taking data of an 
individual clock. This algorithm 
aims at maintaining UTC (NPLI) 
as close as UTC in phase and also 
decides the amount of phase or 
frequency jump to be given to 
a particular clock to maintain 
better stability and accuracy. A 
micro-phase stepper is generally 

Fig. 4.1 Block Diagrammatic representation 
of TIME SCALE UTC(NPLI), India

Fig. 4.2 Time scale UTC (NPLI) system

Fig. 4.3 Hydrogen Maser
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used to give these jumps (refer 
figure 4.5). Behaviour of various 
clocks is shown in figure 4.6

With introduction of Hydrogen 
maser the NPLI time scale has 
been improved by taking the 
reference output from Hydrogen 
maser instead of a Cs clock and 
distributing the standard output 
through a HROG 5 micro phase 
stepper to adjust the phase or 
freq. offset of the reference 
output

Clock intercomparison system 
is totally automatic and all the 

comparison data are recorded 
in an industrial PC. Automatic 
switching system (refer figure 4.4) 
has been indigenously developed 
at NPL. This system compares a 
pair of clock at routine intervals 
of time and records the data into 
a PC automatically which was 
very crucial (as a first step to) the 
automatic development of time 
scale.

Dissemination of Time Standard 
via Ultra Stable Time Links

NPLI is contributing to BIPM, 
Paris using GPS network by 
common view method. This link 
of time transfer is very stable. 
A new system of ultra stable 
time transfer known as Two 
Way Satellite Time & frequency 
Transfer (TWSTFT) system is now 
introduced at NPLI. The set up at 
NPLI is shown in figure 4.7.

1.	� Time Transfer via GPS 
Network:

The reference clock of NPLI  
i.e. UTC (NPLI) is continuously 
traceable to BIPM through GPS 
network using common view 
technique. We already have two 
single frequency 8 channel GPS 
receivers, TTS2-A & TTS2-B. This 
being a multichannel receiver, 
one gets more than one solution 
depending upon the number of 
satellite tracked by the set and 
hence improvement in the Time 
Scale. The recent addition to our 
receiver set is from Septentrio 
which is not only a multichannel 
(24 channels) but also a dual 
frequency receiver.

In TTS2 receiver the ionospheric 
path delay is evaluated on the 
basis of Klobuchar model while 
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This link is established via 
geostationary satellite visible 
from both the locations of the 
clocks. Through TWSTFT one can 
compare clocks within an accuracy 

the new (Septentrio) receiver 
actually calculates the delay by 
measuring the phase difference 
between two frequencies L1 
& L2. This can be understood 
better using figure 4.8 below 
which shows the performance of 
dual frequency (Septentrio) and 
single frequency (TTS2A) GPS 
Receivers

As can be seen from above 
graph duel frequency GPS 
receiver has markedly improved 
the time scale by reducing the 
jitter. Antenna Unit of Receiver 
mounted on rooftop is shown in 
figure 4.9.

2.	� TWSTFT experiment to 
establish precise time link 
with Japan, Germany, 
China & Korea

Two Way Satellite Time & 
Frequency Transfer (TWSTFT) 
is a most precise technique to 
compare the time & frequency 
of two remotely located clocks. 

of one or two nanosecond 
with a resolution capability of 
sub-nanosecond. TWSTFT is 
operational in European and 
American continents. There is one 
operational link in APMP region 
also. A new proposal has been 
attempted to link PTB Germany 
and NICT Japan through AS-4 
satellite which is not available 
now for such purpose since current 
year 2010.

A new scheme been worked out to 
link NICT and PTB through AM-2 
satellite (parked at 80.2oE). NPL, 
India (NPLI) in has planned to 
enter into this network to establish 
a link with NICT, PTB, NIM (china), 
KRISS (Korea), TL(Thailand) and 
SU(Sudan) .

 

Fig. 4.9 GPS Antenna Unit of TTS2 Rcvr and Saptentrio Rcvr System installed

Fig. 4.10 Principal of Two Way Satellite Time & Frequency transfer System
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1	� SATRE TWSTFT Modem, dual receiver 
channel

Spread Spectrum Capabilities

1.1 Number of PN Codes : 16 predefined (20 and 
10 MChip), 32 predefined (5 MChip and below)

1.2 Signal Input :

Signal input : BNC (option: TNC, N)

Reference Frequency : BNC, 5/10 MHz, + 3.. 
+10 dBm

Pulse reference : 1 pps, rising slope, trigger 
level 0.. 4V programmable

Impedance : 50Ω/2kΩ selectable

Time reference : NTP (RJ45, 10 Mbit/s), serial 
line (RS232, ASCII codes)

1.3 Signal Output

Signal output : BNC (option: TNC, N)

Time pulses : 0..4V unloaded, impedance 
50Ω

Tx : PPS, Frame Rate, PN sequence

1.4 Data interface

Physical : RS232 (19200 bps) or network (TCP, 
UDP)

Contents : Delay measurements, first, second, 
third order regression, real time estimate, system 
health status, …

2	 Ku-Band VSAT Transceiver with SSPA and LNA

2.1 Transmit characteristics

Output frequency : 13.75 to 14.5 GHz, in 1.0 
MHz steps

Input frequency : 70 ± 18 MHz (compatible to 
SATRE Modem output)

Input power level : -25 to -45 dBm operational

Gain : 20 to 40 dB adjustable in the step of 1 dB

Oscillator stability : 2×10-9/day or better

2.2 Receive Characteristics

Input Frequency : 10.95 to 12.75 GHz in 1.0 
MHz steps

Output Frequency & Power : Compatible to 
SATRE Modem input

Output Power adjustment : 20 dB adjustable

Remote monitoring and Control of trans-receiver 
(gain & frequency)

2.3 LNA

Noise Temperature : 85o K or less

Gain option : 50 dB or more

2.4 General Characteristics

Temperature : -5 to 50oC, Humidity : 90% RH

2.5 General SSPA Characteristics for 20 W or more

Frequency Range : 13.75 to 14.5 GHz

Power output : 20W

3	 Ku-BAND Antenna

3.1 Electrical Specifications

Antenna Size : 2.4m diameter

Operating Frequency : Receive: 10.95 – 12.75 
GHz, Transmit: 13.75– 14.50 GHz

Mid-band Gain : Receive: ≥47.0 dBi, Transmit: 
≥49 dBi

Polarization : Linear orientable

Trans/Receive Isolation : 80 dB with TRF

Cross polarization discrimination : > 30 dB

Minimum EIRP : 60 dBW

3.2 Mechanical Specifications

Reflector Material : Glass Fiber Reinforced 
Polyster

Antenna Optics : Prime Focus,/ One-Piece 
Offset Feed

Elevation Adjustment Range : 5o to 90o, 
Continuous Adjustment

Azimuth Adjustment Range : ± 45o continuous, 
360o in sectors

Mount Type : Elevation over Azimuth

Wind Loading : Operational : 80 km/h, Survival: 
200 km/h

Operational : -5°C to 50°C

Antenna Drive :

Motorized controller for moving Azimuth, 
elevation and polarizer with display of elevation 
and Azimuth (0.1°) & polarization angle

Specifications of the TWSTFT Facility added at NPLI:
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integrated filter and absorption 
cell. The optical resonance 
radiation from the rubidium bulb 
is transmitted through the glass 
absorption cell containing Rb87 
isotope in vapour state and a 
buffer gas at low pressure. The 
action of the optical resonance 
radiation from the rubidium bulb 
produces a population inversion 
between the hyperfine levels 
in ground state of Rb atoms 
filled in the absorption cell. NPL 
has taken up the development 
of these Rubidium Bulbs and 
Cells to be finally integrated to 
produce an indigenous Rubidium 
Atomic Clock.  For this purpose, a 
rubidium filling station consisting 
of UHV pumps, high purity buffer 
gas cylinders, different kinds of 
gauges and glass manifold have 

Ultrastable Atomic 
Frequency Sources

Development of Ultra Stable 
Atomic Frequency Standard :

1.	 Atomic Clock for Space.

For Indian Satellite based 
navigation system, Time 
and Frequency Division in 
collaboration with ISRO is 
developing a Rubidium Atomic 
Clock. The clock is a portable 
frequency standard with 
excellent short term frequency 
stability. The clock frequency 
is locked to the ground state of 
hyperfine transition frequency 
of Rb 87 atoms the two Design 
Verification models of the clock 
have been developed jointly 
by NPL and ISRO. Further joint 
work is in progress to develop 
the Engineering Thermal Model 
of the atomic clock. These clocks 
are being developed in order 
to provide absolute position 
accuracy better than 20 meters 
throughout India and within a 
region extending approximately 
2,000 km around it.

The core of the atomic clock is 
made of a rubidium bulb and an 

been developed, as shown in 
Figure 4.12.

A UHV compatible glass manifold 
consisting of borosilicate glass 
bulbs, which will be filled with 
Rubidium and buffer gas atoms 
under vacuum, is shown in Figure 
4.13. Another system is being 
developed for producing the 
Rubidium absorption cells.

2.	� Development of Cesium 
atomic fountain India-CsF1

Ramsey fringes :

The laser cooled Cesium fountain 
clock named India CsF1, 
designed and developed by T&F 
Division became operational in 
May 2011. Figure 4.14 shows 
the layout and assembly of the 
Physics package of the fountain. 

Fig. 4.11 Antenna unit of TWSTFT system 
installed on terrace of main building of 
NPL

Fig. 4.12 Rubidium filling station

Fig. 4.13 Glass manifold consisting of bulbs
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Fig. 4.14 Planned layout (left) of the physics package of the fountain and assembled 
fountain (right).

This clock, when operated 
continuously, will lose or gain one 
second in several million years. 
It will also serve as a primary 
frequency standard. Such an 
ultra precise measurement device 
has been developed completely 
in India and puts India in the 
elite club of 6 developed nations 
having such a standard.

The fountain is now fully 
operational and is ready for 
complete frequency evaluation 
including all systematic and 
statistical biases. It is now 
possible to trap about 10 
million cesium atoms, cool them 
to about 6 μK temperature, 

launch them to about 70 cm high 
and to detect relatively clean 
return signals after interaction 
of atoms with the microwaves. 
The detected signals are 
collected using a National 
Instruments data acquisition 
card (DAQ). A labview program 
has been developed to collect 
the detected signals via DAQ. 
The signals are then processed 
to calculate the transition 
probability. The same program 
is used to tune the microwave 
synthesizer in order to obtain 
the Ramsey fringes. The 
signal to noise ratio has been 
considerably improved and is 

evident from the clock signals 
as shown in Figure 4.15.

Magnetic field mapping:

One of the most important 
frequency corrections of 
cesium frequency standards 
is the frequency shift due to 
the C-field. C-field is used to 
remove the degeneracy of the 
magnetic substates in cesium 
atoms during their interaction 
with the microwaves. A long 
solenoid coil around the central 
vacuum chamber produces a 
static magnetic field. Several 
compensation coils are used 
at the top and bottom of the 
vacuum chamber to create highly 
homogeneous magnetic field 
in the flight region. It is crucial 
to have high magnetic field 
homogeneity and therefore, it 
becomes important to monitor the 
magnetic field during fountain 
operation. In order to precisely 
measure the magnetic field 
strength, linear Zeeman frequency 
shift of magnetically sensitive 
transitions  , 0fF m ≠ is measured. 
In practice, the position of the 
central fringe of mf = 1 transition 
is monitored by launching the 
atoms to different toss heights (in 

 

Fig. 4.15 The observed Ramsey fringes for 
a toss height of 65.4 cm; Ramsey Time: 325 
ms. Inset: enlarged central fringe.
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frequency noise law and reaches 
the level  ( ) 13 1/29.5 10yσ τ τ− −= × . We 
clearly need to improve the short 
term stability of the fountain. 

3.	� Development of Novel 
Optically-Pumped CEsium 
Founatin (NOVOCEF)

The objective of the project is 
to design and build a second 
Cs fountain at NPL with special 
design features that enable 
us to carefully investigate the 
systematic errors in order to 
enhance the accuracy of our 
frequency standard to a few 
parts in 1016 – which would be 
at the level of the best in the 
world. One special feature of 
the design would be to employ a 
novel method of optical pumping 

steps of ~ 1 cm) and a map of 
v1-1 as a function of toss height 
is obtained. Using Breit-Rabi 
formula  B  is calculated as 
function of toss height. Magnetic 
field profile is then reconstructed 
by deconvolution of the average 
magnetic field and the ballistic 
time of flight as shown in Figure 
4.16. The magnetic field is quite 
homogeneous in the atomic flight 
region and the measured average 
magnetic field strength is 104.5 
nT which is very close to the value 
measured with a magnetometer 
in the drift region before the 
assembly of the fountain.

using two lasers to enhance 
the number of cold atoms 
taking part in the microwave 
interrogation process. It is also 
planned to determine accurately 
the frequency shifts due to (a) 
the so-called “cold collisions” in 
the atom clouds and (b) the so-
called “distributed microwave 
cavity phase shift”. The above 
two are the least accurately 
known source of systematic error 
budget currently.

During the first year (2011-12) 
of the project, the design of 
the optical set-up and physics 
package of the fountain has been 
finalized. Some of the electronic 
subsystems such as current 
sources, microwave synthesizer 
and microwave cavity have also 
been designed.

Calibration Services

The Calibration set up has now 
been modernized and the block 
diagram of the set up is shown in 
figure 4.18.

 

Fig. 4.16 Variation of magnetic field along 
the axis of the NPLI fountain. The arrow 
shows the position of the center of the 
Ramsey cavity.

 

Fig. 4.17 Frequency stability of India-CsF1

Frequency stability analysis:

The interrogated microwave 
frequency is locked to the 
narrow Ramsey resonance by the 
frequency modulation locking 
method, in which the microwave 
is toggled between f0 +∆n/2 
and f0 + ∆n/2 where f0 is the 
microwave central frequency, and 
∆n is the linewidth of the Ramsey 
fringe, at each cycle. Figure 4.17 
shows the Allan deviation of 
the fountain frequency with the 
Hydrogen maser frequency. 

As shown in Figure 4.17, the 
noise averages down as white- Fig. 4.18 Block diagram of calibration set up
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On calibration front we have not 
only calibrated stop watches but 
a total of 19 systems including Cs 
clock, Rubidium Standards, GPS 
set and Master clock for various 
organizations viz ISRO, were 
calibrated.

Up gradation of Power Distribution System during 2011-12

Additional UPS Purchased:

Sr. 
No. 

UPS/ Battery No. Date of 
Installation

1 5KVA ONLINE (1+1) UPS 01 23.03.12

2 Exide Tubular Batteries - 6EL150+ 
for 5KVA UPS (2 sets 12V/150AH)

02 sets 
of 10 

23.03.12

3 2KVA ONLINE UPS 02 23.03.13

4 Exide Sealed maintenance free 
batteries (12V/100AH, 8Nos for 
each UPS)

02 sets 
of 8 

 23.03.14

5 Exide Tubular Batteries - 6EL150+ 
(For 24V DC Supply)

04 23.03.15

6 Exide Tubular Batteries - 6EL150+ 
12VX 12- 6 sets, 2 sets for each 
UPS.)

06 sets 
of 12

3.10.11- 4 sets 
28.11.11- 2 
sets

Fig. 4.19 One section of UPS room power packup with sms alert system

Introduction of SMS alert service 
for our UPS system

To make the power supply system 
more reliable and foolproof we 
have installed a GPRS/GSM 
based SMS alert system for 
monitoring the mains input of 
each UPS.  The unit consists of 
a GPRS Module which uses a 
GPRS/GSM enabled SIM card. 
When mains power to any UPS 
fails and remains off for about 
15 minutes the timer output 
changes state and closes the 
respective switch of GPRS module 
which subsequently sends SMS 
alert messages to five persons. 
Thus in the event of failure of 
mains power to any or all the 
UPS  due to tripping of MCBs, 
burning of change-over switch 
or breakdown of generator 
and  BSES Power, timely possible 
corrective measures can be taken 
up to rectify the faults. Actual 
implemented system is shown in 
figure 4.19.

� 
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'kh"kZ Lrjh; ekud ,oa vkS|ksfxd ekfidh

'kh"kZ Lrj ekud ,oa vkS|ksfxd ekfidh foHkkx esa HkkSfrd] ;kaf=d] bySfDVªdy ,oa bySDVªkWfuDl] izdk'kh; ,oa FkeZy 
ekiu xfrfof/k;ksa lfgr 12 lewg ¼xzqi½ gSaA foHkkx ekiu ds jk"Vªh; ekudksa dks LFkkfir djus] mudk vuqj{k.k vkSj muds 
fujUrj mUu;u ls lacfU/kr dk;Z djrk gSA foHkkx }kjk ns'k ds m|ksxksa vkSj laLFkkuksa dks mPp Lrjh; vUrjkZ"Vªh; LohÑfr 
izkIr va'kkadu lsok,a miyC/k djk;h tkrh gS vkSj bl izdkj mu iSjkehVjksa ds vk/kkj ij fd, x, ekiu ds vuqjs[k.k 
¼VªslhfcfyVh½ dks lqfuf'pr fd;k tkrk gSA foHkkx esa fuEufyf[kr xzqi gSa %&

1-	 nzO;eku ekud

2-	 foek ekud

3-	 rki ,oa vknzZrk ekud

4-	 izdk'kh; fofdj.k ekud

5-	 cy ,oa dBksjrk ekud

6-	 nkc ,oa fuokZr ekud

7-	 /okfud] ijk /okfud] vk?kkr vkSj daiu ekud

8-	 nzzo izokg ekud

9-	 LF & HF Ikzfrck/kk ,oa Mh lh ekud

10-	 LF & HF oksYVst] /kkjk ,oa ekbØksosc ekud

11-	 AC mPp oksYVst ,oa mPp /kkjk ekud

12-	 AC ikoj ,oa ÅtkZ ekud

bl foHkkx ds dbZ xzqi BIPM, APMP tSls vUrjkZ"Vªh; fudk;ksa }kjk vk;ksftr vUrjjk"Vªh; baVj&daiSfjt+u esa dk;Zjr gSaA 
dqN f}i{kh; daiSfjtu Hkh lapkfyr fd, tkrs gSaA ;g foHkkx ns'k dh va'kkadu vkSj ijh{k.k iz;ksx'kkykvksa dks muds ekiu 
izR;kHkwfr (assurance) dk;ZØe ds vuqj{k.k ds fy, fofHkUu iSjkehVjksa esa mudks izf'k{k.k nsdj vkSj n{krk izf'k{k.k dk;ZØe 
lapkfyr djds mudh enn dj jgk gSA
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Apex Level Standards and Industrial Metrology

The division constitutes of Physical, Mechanical, Electrical & Electronics, Optical and Thermal 
measurement activities involving twelve groups. The division is responsible to establish, maintain 
and continually upgrade the National Standards of measurements. Provides the apex level 
internationally accepted calibration services to the industry and institutions of the country and 
thus ensures the traceability to measurements made by these parameters. The groups are:

1	 Mass Standards

2	 Standards of Dimensions

3	 Temperature and humidity Standards

4	 Optical Radiation Standards

5	 Force and Hardness Standards

6	 Pressure and Vacuum Standards

7	 Acoustics, Ultrasonic, Shock and Vibration Standards

8	 Fluid Flow Measurements

9	 LF & HF Impedance & DC Standards

10	 LF & HF Voltage, Current & Microwave Standards

11	 AC High Voltage and AC High Current Standards

12	 AC Power & Energy Standards

Many areas of this division are engaged in international inter-comparisons organized by 
international bodies like BIPM, APMP etc. Some bilateral comparisons are also conducted. This 
group is also helping calibration and testing labs of country to maintain there measurement 
assurance programme by proving training and conducting proficiency testing programme in 
different parameters

The calibration and measurement capabilities of most of the parameters in the division are 
internationally accepted and appear on the BIPM website.
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of multiples and sub-multiple of 
the kilogram (CCM.M-K5) has 
come. Twenty MMIs have been 
nominated to participate in this 
comparison in measuring.

Equivalence among participants 
is as follows :

See, 2 kg in figure 5.1, 200 g 
in figure 5.2, 50 g in figure 5.3, 
1 g in figure 5.4 and 200 mg in 
figure 5.5.

(Results were published in 
Metrologia, 48, Tech. Suppl., 
07008, 2011)

Interim results of inter-comparison 
of 1 kg platinum-iridium mass 
standard as APMP pilot study 
were presented in Asia Pacific 
Symposium on Measurement 
on Mass, Force, Torque (APMF-
2011). NPLI was one of the 
participating laboratories in 
this inter-comparison. This inter-
comparison was carried out 
among 10 laboratories from 
January 2009 to January 
2010.

Mass Standards

Final report of APMP.M.M-K2.1 
- bilateral comparison of four 
stainless steel mass standards 
(500 g, 20 g, 2 g and 100 
mg) between KRISS and NPLI 
had published in Metrologia. 
The results of KRISS and NPLI 
were consistent with each other 
for all four nominal values. The 
NPLI results were also within the 
agreement of KCRV of CCM.M-
K2 within their uncertainties  
(k = 2).

(Results were published in 
Metrologia, 48, Tech. Suppl., 
07007, 2011)

Final report on CCM key 
comparison of the second phase 
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Figure 5. Results of 50 g mass standard for all participants. The zero line represents the median.  

Circle and solid square points represent Jx and Jy standard mass respectively.  
Error bars show the expanded uncertainty  Aeq95 mU  of each point. 
Uncertainties of the median are 0.0025 mg for Jx, 0.0021 mg for Jy.  
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Figure 7. Results of 200 mg mass standard for all participants. The zero line represents the median.  

Circle and solid square points represent Jx and Jy standard mass respectively.  
Error bars show the expanded uncertainty  Aeq95 mU  of each point. 
Uncertainties of the median are 0.00045 mg for Jx, 0.00051 mg for Jy.  
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Figure 4. Results of 200 g mass standard for all participants. The zero line represents the median.  

Circle and solid square points represent Jx and Jy standard mass respectively.  
Error bars show the expanded uncertainty  Aeq95 mU  of each point. 
Uncertainties of the median are 0.0050 mg for Jx, 0.0039 mg for Jy.  
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Figure 6. Results of 1 g mass standard for all participants. The zero line represents the median.  

Circle and solid square points represent Jx and Jy standard mass respectively.  
Error bars show the expanded uncertainty  Aeq95 mU  of each point. 
Uncertainties of the median are 0.00065 mg for Jx, 0.00050 mg for Jy.  

Fig. 5.3 – 50 g Fig. 5.5 – 200 mg

Fig. 5.2 – 200 g Fig. 5.4 – 1 g

Fig. 5.1 – 2 kg
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located at fluid flow laboratory. 
Carried out characterization of 
225 liters, 525 litres and 2000 
liters vessels on this balance.

Completed the Proficiency 
Testing (PT) Program on Mass 
measurement (No. NPL-NABL/
M/1/2010) among twenty seven 
NABL accredited laboratories 
in two loops. Results are in 
progress.

This section has provided apex 
level calibration facilities 
for the mass, density, volume 
and viscosity to number of 
organization belong to Govt. 
and private sectors. We are 
specializing in catering for 
pharmaceutical industries.

The Mass Standards group is 
strongly supporting SAARC 
countries (Pakistan, Bangladesh, 
Nepal, Sri Lanka, Bhutan, 
Maldives and Afghanistan) 
under PTB program for the 
activities like inter-comparison, 
training, traceability etc.

Well in advance, we have 
submitted our National Prototype 
Kilogram (copy No. 57) at BIPM 
for re-calibration after successful 
planning.

Major facilities established :

AX 206 mass comparator was 
established in the group. This 
comparator is provided by M/s 
Mettler Toledo. Its technical 
features are as follows:

Maximum load	 :	 211 g 
Readability	 :	 1 µg

Repeatability	 :	 4 µg
Linearity	 :	 ±8 µg

NPLI is one of the selected MMI 
who participated key comparison 
of 1 kg stainless steel weight 
(CCM.M-K4) organized by the 
working group of mass standard 
of the consultative committee 
for mass and related quantities 
(CCM).

Mass standard has unique 
facility of 2500 kg balance 

Fig. 5.6 & 5.7 : Artifacts for CCM.M-K4 
inter-comparison

Fig. 5.9 : 525 L volumetric vessel

Fig. 5.11 : International status of mass 
measurement at 1 kg level

Fig. 5.10 : 200 g Mass comparator

Fig. 5.8 : 2000 L volumetric vessel

It will enhance our technical 
capability with more precision.

Extraordinary research 
highlights:

Our 27 CMCs entered in 
Appendix ‘C’ of BIPM database 
on 24th May 2011. Previously 
we had six CMCs in Appendix 
‘C’. First time, viscosity with six 
CMCs came in Appendix ‘C’. We 
got CMC of ±28 µg; k=2 in 1 
kg, comparable to other NMIs.

First time, NPL Mass Standards 
took consultancy project for 
characterization of the weighing 
balances up 20 t at M/s ABB, 
Faridabad and completed 
successfully the same. M/s ABB 
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D 05.07  Acoustics, Ultrasonic, & 
Vibration Standards
Dr Ashok Kumar
Sh Mahavir Singh
Sh Naveen Garg
Sh Gurbir Singh
Ms Reeta Gupta
Dr Yudhisther Kumar Yadav

D 05.08  Fluid Flow Measurements
Sh Shiv Kumar Jaiswal
Sh Taak, Ishwar Singh

D 05.09  LF & HF Impedance & DC 
Standards
Sh Anil Kishore Saxena
Dr Sher Singh Rajput
Sh Ajeet Singh
Sh Rajbeer Singh
Sh M A Ansari
Sh Satish
Sh Kul Bhushan Ravat
Sh Mohammad Saleem 
Sh Avdhesh Kumar Goel

D 05.10  LF & HF Voltage, Current 
& Microwave Standards
Sh Anil Kumar Govil
Sh Pramendra Singh Negi
Sh Saood Ahmed
Sh Bijendra Pal

D 05.11  AC High Voltage and AC 
High Current Standards
Sh H R  Singh
Sh Sridhar Lingam

D 05.12  AC Power & Energy 
Standards
Sh Mukesh Kumar Mittal
Sh Joges Chandra Biswas
Sh Anoop Singh Yadav

Standards of Dimensions 

1)	 New technique developed:

In Dimension Standard, a 
new method is developed to 
calibrate flick standard using 
laser interferometer. A Laser 
retro-reflector is fitted with a 
linear displacement probe. A 
Moore’s indexing table and laser 
interferometer are arranged 
on a three dimensional Length 
Measuring Machine. The flick 
standard is aligned at the 
centre of index table. The flick 
depth is measured using laser 
interferometer to establish 
traceability through laser 
wavelengths. The uncertainty of 
measurement is improved from 
170 to 60 nm .This technique 
will leads to obtain patent/
copyright.

is one of the leading flow meters 
manufacturing industries.

Fig. 5.12 : 300 kg weighing balance

Fig. 5.13 : 3 t weighing balance

Fig. 5.14 : 20 t weighing balance
Fig. 5.16 : Newly developed Flick 
Standard calibration facility using Laser 
interferometer electronic probe and UMM

 

Fig. 5.17 : Measurement result of Flick 
Standard

Fig. 5.15 : Characterization of 3 t weighing 
balance using NPL mass standards
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2.	 High precision roundness 
measuring machine:

Purchase order has been placed 
to establish the Form and 
Roundness Measurement Facility 
and this machine is expected 
to be commissioned in August 
2012.

3.	 SAARC - PTB Project:

International Inter-comparison 
was conducted in gauge blocks 
and its report was submitted 
/presented in SAARC Co-
ordination committee workshop 
at Dhaka, Bangladesh during 
March 2012 with NPL as pilot 
Laboratory and MUSSD, Sri 
Lanka as the participating 
Laboratory. The other SAARC 
countries will also participate 
in the International Inter-
comparison of gauge Blocks 
as and when they will have the 
traceability. The final protocol 
has already been circulated 
to all the member SAARC 
countries.

4.	 Coordination of  the 
proficiency testing program 
(PT - Project) under NABL 
sponsorship:

Coordinated proficiency testing 
in Pressure, Length, Mass and 
Temperature. In Dimension 
Standards, one loop of the 
proficiency testing has been 
completed for the Dial Gauges 
in the ranges 0-25 µm and 0  
to 10 mm. The least count of  
the dial testers is 0.5 µm and 
10 µm.

Temperature and Humidity 
Standards

APMP key comparisons - This 
year our Group has developed 
the experimental facilities to 
participate in two APMP key 
comparisons, one in LIGT (-40 
oC to 250 oC) and the other in 
Pt/Pd thermocouple on Co-C 
eutectic fixed point (1324 oC). 
Set of Pt/Pd thermocouples has 
been received from KRISS Korea 
(Pilot Lab) and measurements are 
under process.

We are establishing the primary 
standard in high temperature by 
realizing the Silver and Copper 
blackbody fixed points by linear 
photoelectric pyrometer (LP4). 
The LP4 pyrometer procured 
from K.E. Technologies, Stuttgart, 
Germany has been received and 
will be installed very shortly. 
Presently two of our tungsten strip 
lamps are the standards for high 
temperature and both of these 
standard lamps were calibrated 
in PTB Germany during Feb-
March 2012. 

For the XIIth Five Year plan, we 
have formulated an innovative 
project entitled “Determination of 
Boltzmann constant and realization 
of thermodynamic temperature by 
acoustic gas thermometry”. We 
are working on the preliminary 
experimental requirements for 
this project.

National collaboration with 
NABL

Our group was associated with 
NABL activities by organizing 

2)	 New facility established:

A new facility for measurement 
of Long Gauge Blocks up to 4 
meter has been established using 
Laser Interferometer. This newly 
established facility will not only 
serve Indian Industries but SAARC 
countries also.

Specification of facility:

Nominal Range	 :	 0-4000 mm 

Working Range	 :	 0-3700 mm 

Resolution	 :	 0.01 µm

Maximum Error	 :	 1.5 µm

Repeatability	 :	 0.1 µm

Temperature	 :	  (20 ±1)oC

Relative Humidity	 :	 (50 ±10) %

Uncertainty of measurement : 
	� ± (0.3 µm + (L/1200)×10-6), 

L in mm

(At k = 2 i.e. at 95% confidence 
level)

Laser used	 :	 He-Ne Laser 
(wavelength 632.8 nm)

Automatic compensation	:	
Temperature
	 Humidity
	 Atmospheric Pressure

Photograph of  facility:

Fig. 5.18 : 4 m Length measuring machine 
using laser interferometer



76

'kh"kZ Lrjh; ekud ,oa vkS|ksfxd ekfidh

lh,lvkbZvkj&jk"Vªh; HkkSfrd iz;ksx'kkyk

izH
kkx

 5

okf"kZd izfrosnu 2011-12

Calibration Procedure No. Sub-
Div.#D5.03/THS/Doc.3/TTP/
CP#TRP-02.

comparison is to be organized by 
our group among the four SAARC 
countries (Bangladesh, Nepal, 
Pakistan and Sri Lanka).

Major facilities

Establishment of high 
temperature blackbody source

We have established the 
high temperature variable 
temperature blackbody source 
(Model M390 of M/s MIKRON 
Infrared Inc. USA) for the 
calibration of infrared total 
radiation pyrometers in the 
range from 600 to 3000  oC. 
The blackbody source has an 
emissivity of 0.997 and the overall 
uncertainty of measurement using 
this source is ±1.5 oC to ±7.8 oC 
for the calibrated range from 660 
to 2700 oC. We have calibrated 
infrared radiation pyrometer, 
MINOLTA/LAND Cyclops 
152, with spectral response 
of 0.8 to 1.1 µm on the above 
blackbody radiation source in 
the temperature range from 660 
to 2700 oC with the estimated 
uncertainties of measurement 
±1.8 oC to ±7.9 oC, as shown 
in Fig 5.19. The facility will be 
useful for comparison calibration 
of IR-total radiation pyrometers 
in the above mentioned range 
to the accredited laboratories, 
user industries and temperature 
metrology community in the 
country. The facility has been 
introduced in the Quality system 
documents as per ISO/IEC: 
17025 (2005) for calibration 
of IR-total radiation pyrometers 

proficiency testing programs 
in LIGT and TC comparison 
among accredited calibration 
laboratories in order to support 
quality assurance in temperature 
metrology. PT Programs in LIGT 
and TC are under process. 
Expertise was provided to NABL 
for laboratory accreditation in 
the field of thermal calibration. 
Expertise was also provided 
by attending the meetings 
of Supplementary and Core 
Accreditation Committees relating 
to thermal calibration area.

International collaboration 
with SAARC-PTB project in 
Temperature Metrology

Under the 2nd Phase of SAARC-
PTB Project in metrology, 
Temperature & Humidity 
Standards is associated as one 
of the teams in the project. A 
preparatory workshop was 
attended during 6-8 June 2011 
held and organized by MUSSD, 
Sri Lanka. The workshop was 
attended by the participants 
from BSTI Bangladesh, NBSM 
Nepal, NPL India, MUSSD Sri 
Lanka, Afghanistan, Bhutan and 
Maldives.

A 1st SAARC-PTB Coordination 
Meeting was held recently at BSTI, 
Dhaka during 13-14 June 2012. 
The meeting was attended by 
the participants from NPL India, 
BSTI Bangladesh, NBSM Nepal, 
MUSSD Sri Lanka and Bhutan. 
Temperature metrology is one of 
the areas of the above project 
in which the inter-laboratory 
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Fig. 5.19 Uncertainty for blackbody source 
and pyrometer.

The fixed point of Silver (961.78 
°C) has been established using 
a new silver cell procured 
from HART Scientific, USA 
and realized by SPRT with 
an uncertainty of 4  mK. The 
fixed point is to be used for 
international comparisons and 
also to provide traceability to 
user industries and accredited 
laboratories.

The humidity standard has been 
upgraded with addition of a new 
humidity generator Model 2500 
of Thunder Scientific, USA based 
on two pressure technique. The 
traceability of temperature and 
pressure transducers has been 
achieved from in-house at NPL, 
India. The measurements have 
been performed in the range of 
humidity from 10 % to 95 % RH 
& in the temperature range from 
15oC to 70oC with uncertainty 
of ±0.3% RH & ±0.02 oC. The 
facility has been introduced in 
the Quality System Documents 
as per ISO/IEC: 17025(2005) 
as reference humidity standard 
for calibration of hygrometers, 
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Optical Radiation Standards

This section is providing world 
class calibration facilities for 
lamp and lighting industries, 
laboratories and institutes. The 
calibration facility is available for 
photometric parameters namely 
luminous intensity, luminous flux, 
luminance, illuminance, illuminance 
responsivity, color coordinates 
and color temperature. A number 
of Polystyrene films are calibrated 
for different pharmaceutical 
industries and R& D organizations 
using Fourier transform infrared 
spectrophotometer (FT-IR). FT-
IR and FT-Raman Spectroscopic 
testing facilities are provided to 
various groups of NPL and outside 
agencies. A significant mount as 
ECF is generated through these 
calibration activities.

The scales for illuminance and 
illuminance responsivity are 
maintained through luminous 

intensity standard and standard 
illuminance meters, (which 
have cosine corrected V(l) 
matched silicon photodiode). 
The illuminance meters are 
also traceable to international 
standards. Absolute scales of 
luminous flux are prepared 
using a Gonio-photometer. The 
traceability of luminance comes 
from the luminous flux scales and 
the scales of colour temperature 
and colour coordinates are 
measured through luminous 
intensity standard lamps.

Spectral switching is now a well-
known phenomenon. Recently, 
its potential applications have 
been explored for information 
encoding and transmission in 
free-space. In our recent work, 
we demonstrated a novel type 
scheme to encode and process 
information at multiple levels 
through spectral switching.  A new 

Calibration procedure No.: Sub-
Div.#D5.03/THS/Doc.3/HS/
CP#02.

Extraordinary research 
highlights

We are developing the in-house 
fixed point realization facility 
for the new Co-C and Fe-C 
metal carbon eutectics using 
vertical three zone heating 
furnace from CARBOLITE, 
TZF 16/610 with bottom end 
closed. We have fabricated 
the graphite cell for Co-C from 
NPL workshop. For accurate 
realization of the fixed point, 
it is desired that the zone of 
the furnace where fixed point 
cell is placed should be highly 
stable and uniform to provide 
homogeneous heating to the 
fixed point cell. Therefore, it was 
required to measure the vertical 
thermal profile measurements 
of the said furnace, using a 
Type-S thermocouple and is 
shown in Fig 5.20. A stability of 
±1o C has been achieved at the 
middle zone of about 200 mm 
(100 mm from center), which is 
adequate to place melting cell 
of 110 mm height.
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 Fig. 5.20. Temperature profile of vertical 
furnace, TZF 16/610 Fig. 5.21. Schematic diagram of the experimental set up for optical switching.
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‘00’ up to 1 MN following the 
latest international standards 
ISO 376-2011. Further, the 
new force standard was used to 
recalibrate all the force transfer 
standards which in turn were 
used to calibrate/determine the 
CMC of the secondary standard 
force machines, so that the users 
get traceability of calibration of 
their force devices against the 
new national standard having 
lower uncertainty (± 0.002% up 
to 100 kN and ± 0.009% up to 
1000 kN).

The existing 50 kN dead weight 
primary standard (Morehouse 
Instruments make) was compared 
with the new force standard 
machine to establish its 
equivalence. It was shown that 
the force values realized by the 
two machines have normalized 
error less than unity. The new 100 
kN force comparator machine, 
designed and fabricated earlier 
to explore the feasibility of 
developing a force calibrator in 
this range, was evaluated for its 
CMC from 10 to 100 kN using 
the NPL force transfer standards. 
Its expanded uncertainty was 
evaluated to be within 0.05% 
(Fig. 5.23). Further work to 
improve its performance for 
stability in force application is in 
progress.

The force calibration facility for 
2000 kN was upgraded using 
a 2.1 MN build-up system in 
the hydraulic force machine. 
The individual force transducers 
of the build-up system were 

in measurement of these 
parameters with lower 
uncertainty and international 
compatibility. The new force 
standard machine (GTM make) 
of capacity 1 MN commissioned 
and established with CMCs 
showing equivalence with PTB, 
Germany, was introduced as the 
national standard of force into 
the quality management system 
for force calibration. With the 
availability of this facility, option 
has been made available to 
the users to get the calibration 
of their lower uncertainty class 
force instruments such as class 

technique was also proposed to 
establish multiple parallel free-
space optical (FSO) links using a 
single critical direction in phase 
singularity domain of diffracted 
polychromatic light. These are 
contrived ideas on the basis of 
theoretical and experimental 
studies carried out so far on 
spectral switching. The study 
might find potential application 
in the field of FSO interconnects 
and FSO communication.  
Fig. 5.21 shows the schematics 
of experimental setup while  
Fig. 5.22 illustrates the logic 
behind the spectral switching 
based FSO link.

Force and Hardness 
Standards

In recent years the group has 
established new force and 
hardness standard facilities 
with a view to provide to the 
users the national traceability 

 

Fig. 5.22. Spectral switching based FSO link
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machine within its claimed 
uncertainty of 0.05% (k=2).

Key comparison in Rockwell 
Hardness A and B

Draft B of the APMP key 
comparison in Rockwell Hardness 
scales HRA and HRB, carried 
out by NPL during 2010-11, 
was received from the pilot 
laboratory, NIMT, Thailand. The 
key comparison measurement 
results of NPL(I) are within the 
claimed CMC values of the HRA 
and HRB scales, which is reflected 
in normalized error between 
the HRA and HRB values of the 
NPL(I) and the key comparison 
reference values as shown in the 
Fig.5.25.

The group is engaged in a 
major way in providing support 
to industry and other user 
organizations in calibration 
of their reference devices, 
providing training, etc. About 
450 calibration reports in force, 
hardness and torque parameters 
were issued to different users 
during the year. The ECF realized 
was approximately Rs 50 lakh. 
Force calibration as per the latest 
international standards ISO 376-
2011 and ASTM E74-2006 have 
also been accepted to meet 
demand from user organizations.

Major facilities established

The hardness calibration 
facility was augmented by 
adding secondary hardness 
standard machines of Brinell, 
Rockwell (including superficial 
Rockwell), Vickers and micro-

Vickers hardness (Fig. 5.26) to 
the existing primary hardness 
standard machines so as maintain 
in-house traceability of hardness 
calibration machines, which shall 
be used to provide  the necessary 
traceability in hardness scale 
to the users. The secondary 
hardness machines conform to the 
requirement of the international 
standard ISO 6507 – 3 for 
calibration of standard hardness 
blocks. The work to establish the 
CMC of the secondary hardness 
machines is in progress.

calibrated in the 1 MN force 
standard (GTM) and the curve fit 
of their calibrated output were 
used to determine the reference 
equation of the build-up system. 
The expanded uncertainty of the 
hydraulic force machine with the 
build-up system was evaluated 
using a class ‘00’ 3 MN force 
transducer as 0.05%.  This facility 
has been put into operation to 
provide to users the calibration of 
their 2000 kN force transducers.

In-house comparison of torque 
standards

A comparison of the NPL primary 
and secondary torque machines, 
as a supported lever machine 
and as an unsupported lever 
torque machine respectively, was 
carried out with a view to study the 
bending effect of the lever in the 
unsupported case. The bending 
effect due to the unsupported 
lever appears as an asymmetric 
deviation in the transducer output 
when mounted at different 
angular positions around its axis  
(Fig. 5.24). Taking into account 
the bending effect, the secondary 
torque machine was shown to 
agree in the realized torque 
values with the primary standard 
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machine.
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Fig. 5.26. Secondary hardness 
standardizing machines for Rockwell, 
Vickers and Brinell scales

Pressure and Vacuum 
Standards

The pneumatic pressure standards 
lab provides traceability in 
pneumatic pressure range 
from 0.4 to 400 bar. The 
measurements made are world 
class and traceable to the 
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primary standards of mass and 
length that offer the potential for 
reduced uncertainties. The system 
is basically consisting of three 
parts: (i) a pressure generation 
device, (ii) an automatic weight 
loading / unloading unit, and 
(iii) a controlled clearance 
piston cylinder assembly having 
nominal diameter of 3.5 mm. The 
diameter of the piston measured 
with the help of NPLI Reference 
Standard Reference Gauge 
Blocks within the measurement 
uncertainty of + 0.07 mm (k = 
2), is 3.56777 mm. The inner 
and outer diameters of the 
cylinder measured by Precision 
3D Coordinate Measuring 
Machine within the uncertainty 
limit + (0.5 + L / 900) mm (k 
= 2), are 3.7668 mm and 
26.0222 mm, respectively. The 
piston is in floating position 
when it is located 3.4 mm above 
its rest position in the cylinder. 
The total engagement length is 
18.9 mm. We have carried out 

also studied under high pressures. 
The detailed analysis of results is 
underway.

PrO2 which is found to be 
cubic at ambient, was seen to 
undergo a phase transition to 
the orthorhombic type, and the 
phase transition was observed at 
33.9 GPa at room temperature 
(Fig. 5.27).

In addition, finite element 
simulations were also carried out 
on our 20 MPa piston cylinder 
assembly using ANSYS package 
as a part of an M.Tech. project 
and excellent agreement 
between the experimental and 
simulated results were achieved. 
The effective area, the distortion 
coefficient and the strain profiles 
were simulated and gap profiles 
obtained.

A 500 MPa controlled clearance 
piston gauge (CCPG) type 
primary pressure standard has 
been characterized with its 
parameters traceable to NPLI 

international standards. The 
primary as well as the secondary 
standards dead weight testers 
which are characterized against 
each other as well as are 
traceable through a continuous 
chain of overlapping pressures 
to the ultrasonic interferometer 
manometer. The latter is the 
low pressure primary standard 
of the Vacuum Standards. The 
secondary standards provide 
traceability to Indian industries 
through calibration services. 

In addition to the above 
mentioned activities, the group 
is also engaged in research 
into the behaviour of rare earth 
sesquioxides under high pressures 
and a number of papers have 
been published in international 
reputed journals. The group also 
collaborates with groups within 
and outside NPL for Raman 
characterization of strategic 
materials. This work is being 
carried out as a part of a DST 
sponsored project.

A proficiency testing program in 
pneumatic pressure range up to 
50 bar was also completed in 
which seven labs all over India 
participated. This program was 
started in November 2010 and 
was completed in October 2011

In continuation of our research 
on high pressure behaviour of 
rare earth oxides, data analysis 
was completed for Ho2O3 and 
Yb2O3 and the results have been 
communicated for publication. 
Er2O3, Tb4O7, and PrO2 were 
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Fig. 5.27. Raman spectra of PrO2 at increasing pressures



81

Apex Level Standards and Industrial Metrology

Annual Report 2011-12CSIR-National Physical Laboratory

D
ivision 5

2.	� Participation in APMP. M.P. 
K13

The NPLI is participating in 
this comparison, identified as 
APMP.M.P-K13 by BIPM and 
APMP, is being piloted by NMIJ, 
Japan. The objective of the project 
is to compare the performance 
of hydraulic pressure standards 
in participating institutes, in the 
pressure range 50 to 500 MPa 
in gauge mode to essentially 
support the objective evidence 
for high pressure CMCs of the 
participating institutes. The results 
of this comparison will also be 
linked to the corresponding CCM 
key comparison, CCM.P-K13. The 
number of participating institute 
is 13 including the pilot institute. 
These institutes are NMIJ/
AIST, Japan; NPLI, India; NML/
SIRIM, Malaysia; NMC/A*STAR, 
Singapore; NIM, Thailand; NMIA, 
Australia; NIM, China; CMS/
ITRI,  Chinese Taipei;  KIM-LIPI, 

Indonesia; NIS, Egypt; KazInMetr, 
Kazakhstan; NBSM, Nepal; 
KRISS, Korea. The comparison 
started during November, 2010 
and is expected to be completed 
during December, 2012. In this 
comparison, a piston-cylinder 
assembly of 2 mm2 nominal 
effective area is being circulated 
as the transfer standard (TS). 
It is built in hydraulic pressure 
balance PG7302 equipped 
with a mass loading bell, a 
mass set, all parts having 
been manufactured by Fluke 
Corporation, DH Instruments 
Division, USA. The NPLI has 
completed the measurements 
and submitted their results to 
pilot laboratory during period 
under report. The evaluation 
of measurement results is under 
process. 

3.	� Establishment of new 
Hydraulic Pressure 
Standards 

A new controlled clearance type 
piston-cylinder assembly to 
measure hydraulic pressure up 
to 100 MPa has been procured 
(Fig. 5.29). The system is being 
charaterised which would 
enable us to trace our secondary 
standards to primary pressure 
standard up to 100 MPa within 
improved relative measurement 
uncertainty of 35 x 10-6 at k 
= 2 in pressure measurements. 
Also established a secondary 
reentrant type piston cylinder 
assembly to give services to 
Indian industries up to 20 MPa. 
Two digital reference pressure 

experiments to obtain results of 
piston fall rate measurements 
at different applied loads (50, 
100, 150, 200, 250, 300, 
350, 400, 450 and 500) MPa 
at varied jacket pressures from 
50 % to 100 % (up to 200 % 
for lower pressures) of applied 
pressure. We evaluate the 
uncertainties in the effective 
area and pressure based on 
the Heydemann-Welch model. 
The linear behaviour of piston 
fall rate based on this model 
agrees well with the present 
pressure standard. However, at 
high pressures around 500 MPa 
slight non linearity appears. 
The cube root of the fall rate 
was plotted as a function of 
applied pj and extrapolating 
the linear portion of the curve 
to zero fall rate [Fig. 5.28(a)], 
which provided us the values of 
pz for different loads. From the 
pz at different loads, the zero 
clearance between the piston 
and cylinder was determined 
[Fig. 5.28(b)]. The cylinder 
deformation coefficient (d) [Fig. 
5.28(c)] is determined by cross 
floating the CCPG against a 
secondary pressure standard of 
known effective area. 

 

Fig. 5.28 (a): Fall rate (v)1/3 as a function of 
pj at 10 different measured pressures up to 
500 MPa and

 

Fig. 5.28 (b): Fall rate (v)1/3 as a function 
of pj at 10 different measured pressures 
up to 500 MPa
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shown in Fig. 5.30(b). It is clearly 
evident form Fig. 5.30(b) that 
2004, 2009 and 2011 data 
are well within 20 x 10-6, 14 x 
10-6 and 28 x 10-6, respectively 
form the average values which 
is in excellent agreement with 
the estimated measurement 
uncertainty of this gauge as 72 
x 10-6 at a coverage factor of 
k = 2. There is an agreement of 
20 x 10-6 between 2004 and 
2009 data while it is 45 x 10-6 
in case of 2009 and 2011 data. 
It is mentioned here that these 
agreement values are the worst 
case values, generally obtained 
at the lowest pressure point of 5 
MPa which is 5 % of the full scale 
pressure due to obvious reason 
that best performance of any 
PB is obtained in between (10-
100) % of full scale pressure. 
Therefore, it is concluded from 
these studies that the gauge under 
test remained very stable during 
all these years and is properly 
handled by the operators.

Further studies were carried out 
on the two other PBs, one being 
used at the extreme southern 
part of India and another 
extreme eastern part of India. 
These two PBs studied were the 
identical Ruska Model 2485-
5586 as previously described in 
Figs. 5.30(a) and (b) but slightly 

Fig. 5.30 (a). As expected, the 
similar trends of the effective 
area (Ae) is observed during all 
these years except some drift in 
the values between 2009 and 
2011. The data obtained during 
2009 is much closer to the values 
reported by the manufacturer 
during 2004. When 2009 data 
is compared with manufacturer 
data of 2004, it is found that 
the values of 2009 are slightly 
higher up to 60 MPa and lower 
beyond that pressure. It is evident 
form the plots that there is no 
unidirectional drift in the values 
to assign some correction factors. 

Therefore, it was considered 
appropriate to plot the average 
of all these values and determine 
the deviations from the average 
values for each year’s data as 

monitors (RPMs) have also been 
procured in the range 100 MPa 
and 200 MPa, respectively  
(Fig. 5.29). These RPMs will be 
used to calibrate low accuracy 
industrial gauges and also 
monitoring jacket and line 
pressure in our experiments.

4.	� Studies on industrial 
pressure balances 

The studies on stability of 
effective area were carried out 
on industrial pressure balances 
(PBs) which were characterized 
at NPL. The first industrial PB 
studied was Ruska Model 2485 
530D, procured during 2004 
(manufacturer supplied data) 
being used in Delhi, a northern 
part of India. It was first calibrated 
during 2007 and recently during 
2011. Therefore, the stability 
data of the effective area was 
available for the period of 7 
years for the analysis. The plots 
showing the stability of effective 
area (Ae) as a function of applied 
pressure (p) are depicted in 

 

Fig. 5.29: Controlled Clearance Piston Gauge (CCPG) type Primary Pressure Standard and 
Reference Pressure Monitors (RPMs)
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usage which would be helpful for 
the users to decide the frequency 
of their next calibrations.

Acoustics, Ultrasonic, 
Shock and Vibration 
Standards

The theoretical computational 
for sound transmission loss (TL) 
have computed by developing 
software through Statistical 
Energy Analysis approach. The 
program is written in Visual Basic 
(VB) and the coding.  Some of 
the aspects of Statistical Energy 
modeling procedures adopted 
in developing the program 
are explained subsequently. 
Figures 5.31 and 5.32 show 
the comparison for 12 mm thick 

gypsum board panel with cavity 
and panel with insulation. With 
cavity the sound reduction index 
at low frequencies is higher.

The AUV Section organized the 
one day workshop on ‘Noise and 
Vibration Control (WNVC-2012) 
on January 27, 2012.

Advancement in Vibration and 
Acoustic Metrology

The new facility of primary 
vibration calibration standard 
in extended frequency range 
of 0.1 Hz to 20 kHz had been 
established last year. Although 
this facility, being a commercial 
system, yet there are numerous 
investigations carried out for 
improvement in the signal 
processing part especially 
the non-linearity’s arising in 
Homodyne interferometer and 
drift compensation in charge 
amplifier at low frequencies. The 
ongoing investigations have been 
fruitful in analysis of the behaviour 
of shakers at high frequencies 
and certain deviations at 20 kHz 
have been observed, which are 
validated by FEM investigations 
for understanding the vibration 
modes excited especially in low 
and high frequencies.

The new microphone calibration 
standard facility using insert 
voltage technique was also 
established this year for the 
calibration of acoustic calibrators 
and microphones, which has 
reduced the uncertainty in 
calibration to a level at par with 
other NMIs of APMP region.

varying dimensions of piston 
cylinder assemblies. The motive 
behind studying identical PBs 
was to investigate the behaviour 
of effective area when used at 
different locations, organizations 
and operators. The behaviours 
of effective area for these PBs 
alongwith average effective 
area of previously described 
PB are shown in Fig. 5.30 (c). 
Interestingly, the similar trends of 
effective areas were observed 
for all the 3 three locations. It 
is observed that there is a small 
change in the short term stability 
but the change is prominent 
in case of long term stability. 
However, such changes are well 
within the estimated measurement 
uncertainty of the instrument. The 
reported maximum difference in 
the effective areas is less than 
180 x 10-6, 140 x 10-6 and 60 
x 10-6, between PBs of Chennai 
and Guwahati, Chennai and 
Delhi and Delhi and Guwahati, 
respectively due to obvious 
reasons of varying form geometry 
of the piston cylinder assemblies. 
It is concluded from the studies 
that all the PBs remained very 
stable within their estimated 
measurement uncertainties. 
Compilation of such data creates 
the history of the instrument’s 
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Fig. 5.30(c): Effective area of PB of a same 
model used at three different locations

Figure 5.31. Comparison of predicted 
(----) and measured (----): sound reduction 
index of 12 mm thick gypsum panel with 
25mm cavity. Experimental [], SEA [Δ] 
and Odeon [ ◊ ]

Figure 5.32. Comparison of predicted 
(----) and measured (----): sound reduction 
index of 12 mm thick gypsum board panel 
with 25mm cavity and absorptive material. 
Experimental [], SEA [Δ] and Odeon [ ◊ ]
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EMAT System : The EMAT 
(Electromagnetic Acoustic 
Transducer) system, designed 
and developed at NPL (Fig. 5.34, 
5.35) was tried on aluminium 
sample to study the effect of 
external force for evaluation 
of residual stress measurement.  
Measurement of velocity by EMAT 
could be done with a precision of 
0.1 m/s. Samples were exerted 
force in the range from 20 to 
500 kN using the UTM machine 
of Force Standards at NPL.

The EMAT system has also been 
used to evaluate variation in 
wall thickness of a pipe with a 
precision of 0.1 micron.

value realized for multifunction 
calibrators calibration.

Bilateral Inter-comparison 

Bilateral inter-comparison of 
Ultrasonic power measurement 
between NIST, USA and NPL 
India was carried out. Artefact 
designed and developed by NIST 
received by NPL. Measurement 
taken at three different 
frequencies in the range of 2 to 
15 MHz for each frequencies at 
three different in put voltage, 10 
sets of observations carried out 
following the procedure in the 
protocol.  Results were sent to 
Dr. Fick, NIST. As per statement 
of Dr. Fick results were very 
encouraging and comparison 
shows variation with in uncertainty 
limits of NIST even without taking 
the attenuation correction. 

International PEER Review of 
Primary Standard of Ultrasonic 
Power Measurement

NPL maintains Primary Standard 
of ultrasonic power using radiation 
force balance, developed 
indigenously in the laboratory. 
The Lab participated in the 
international Peer Review during 
8-10, Nov. 2011.  For this purpose, 
the radiation force balance 
was modified for providing 
variation of distance between 
the transducer face and float. It 
allowed uplift of water tank by 
an arrangement designed and 
developed for smooth functioning 
of vertical motion of tank and 
for a precision measurement 
of separation in 0.01 mm.

Inclusion of NPLI Vibration 
CMCs in KCDB website & 
Successful completion of Peer 
Review in October, 2011

The CMCs for vibration have 
been appended in KCDB website 
in January, 2012. The section 
had successfully got peer-
reviewed in October, 2011 and 
36 CMC were approved by 
Technical and Quality expert in 
field of Acoustics, Vibration and 
Ultrasonic.

Results of APMP.AUV.A-S1 
comparison

The recent APMP.AUV.A-S1 
comparison for multifunction 
acoustic calibrator (B&K 4226) 
initiated in 2009 with NIMT, 
Thailand as pilot laboratory and 
13 participating laboratories 
validated NPLI CMCs for sound 
pressure level determination of 
multifunction acoustic calibrator 
(Fig.5.33). The maximum 
deviation in sound pressure 
level determination by NPLI in 
comparison to NMI Japan was 
0.12 dB at 16 kHz while 0.19 
dB at 8 kHz as compared to 
NMI Australia which lies within 
the domains of the uncertainty 

 

Fig. 5.33. Deviated sound pressure level 
from mean value of amalgamated results 
in APMP.AUV.A-S1 comparison at 94 dB

Fig. 5.34 Snapshot Showing the entire 
setup

Fig. 5.35 EMAT applied on 3cm thick 
aluminum alloy

Ultrasonic object detection 
system

To help the divers operating in 
deep sea, the transmitter and 
receiver parts of the object 
detection system have been 
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ISO 4064 standards. The quality 
system has been implemented in 
the Water Meter Testing Facility. 
During this period, total 06 test 
reports were issued and an ECF 
of Rs. 4,32,369/- was generated 
for NPL.

The renovation work of the 
Fluid Flow Laboratory is almost 
finished. It took about 1½ years 
to complete.

Major facilities to be  
established

Presently, a Water Flow 
Calibration Standard  (i.e. 
Primary Standard of Flow) of 
size DN100 is being developed 
in technical collaboration with 
M/s. Bharti Automation Pvt. Ltd., 
New Delhi. The different parts of 
this system have been installed 
and integrated. Now automation 

of calibrating the microphones 
and acoustic calibrators as per 
IEC 60942. The system has been 
procured from B&K, Denmark. 
(Fig 5.37)

developed was tested in Chennai 
NIOT tank. The system worked 
well up to a range of 25 meters.

Research Highlights 

Appreciable deviation in 
microphone calibration by 
Reciprocity technique and 
calibration by actuator technique 
was investigated for working 
standard microphones. The 
actuator response is compared 
with the pressure response 
measured on a reciprocity set 
up for a one-inch B&K 4144 (S. 
No. 1304815) microphone (Fig 
5.36). The actuator response 
deviates from the pressure 
response because the radiation 
impedance loads the front of the 
diaphragm. If this impedance 
could be significantly reduced 
during the calibration, then 
the actuator could be used to 
measure accurately the pressure 
response.

Establishment of new Secondary 
Microphone Calibration facility

The secondary microphone 
calibration standard of NPL 
was commissioned in October 
this year. The system is capable 
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Fig. 5.36 Comparison of actuator 
response with pressure response observed 
in reciprocity set up for B&K 4144 
microphone

Fig. 5.38. Photographs showing different 
part of a new Water Flow Calibration 
Standard

b

a

Fig. 5.37 Secondary Sound Standard

Fluid Flow Measurements

The Fluid Flow Measurement 
Standards group has the mandate 
to provide apex level testing 
and calibration services for the 
different types of domestic and 
industrial water flowmeters. 
The group has a Water Flow 
Calibration Facility (i.e. Primary 
Standard of Flow) comprising of 
two Test Rigs of sizes DN50 and 
DN200 for calibration of different 
types of water flowmeter as per 
ISO 4185 standard. The facility 
has the problems related to 
its traceability and also it has 
become obsolete now. Therefore, 
upgradation of this facility using 
latest instrumentation and controls 
has been planned to make it 
operational and traceable and 
also of NMI level.

The group also has a Water Meter 
Testing Facility (i.e. Secondary 
Standard of Flow), for testing 
of domestic/ industrial water 
meters of sizes 15 mm to 50 
mm as per IS 779, IS 6784 and 
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automation. It is observed that 
air bath is providing very stable 
temperature for the study of 
standard inductor over the 
temperature range as shown in 
the Fig. 5.39. The inductance and 
resistance have been measured 
at different frequencies and 
plotted simultaneously for 10 mH 
as shown in Figs. 5.40 & 5.41.

Measurement automation 
program is providing the excellent 
platform for the study of standard 
inductor with better estimation 
of uncertainty parameters.  
Measurement automation also 
improves the reliability and 
efficiency of measurements. 

DC standards: This activity is 
maintaining National Standards 
of DC voltage, DC current and 
DC resistance. The apex level 
calibration facilities have been 
provided to the ERTLs, ETDCs, 
Defence and other government 
organizations for dissemination 
of traceability.

DC High Voltage Standards: This 
group is providing calibration 
facility for High Voltage DC 
equipments ie. DC High Voltage 
probe, DC High Voltage divider, 
DC High Voltage Power Supplies 
and DC Volt meter, upto 100 kV.  
Primary standard of DC High 
Voltage is the Resistive Divider, 
which is traceble to Josephson 
Voltage Standard.

An automation program using 
LabVIEW for the study of 
Standard Inductor

This group has recently 
developed measurement 
automation program for the 
study of standard inductor 
over the required temperature 
range using LabVIEW Platform. 
This measurement automation 
program simultaneously controls 
LCR Meter and Air Bath. The high 
precision LCR Meter has superior 
measurement stability and air 
bath has the temperature stability 
of ± 0.03 oC over 24 hours, which 
provides a stable environment for 
the study of standard inductors.

Measurements have been 
taken for Standard Inductors of 
nominal values of 10 mH and 
100 mH using the measurement 

work of this prototype system is 
in progress. Our development 
work was severely affected 
due to renovation of our 
laboratory. Figure 5.38 shows 
the photograph of this new 
system.

LF & HF Impedance & DC 
Standards

This activity is maintaining the LF 
& HF impedance standards, DC 
standards and DC High Voltage 
standards.

LF & HF Impedance Standard: 
This activity is maintaining 
the primary standards of 
capacitance, inductance and 
ac resistance. Value to the 
10 pF capacitor is assigned 
through primary standard, 
calculable cross capacitor, with 
an uncertainty of 0.6 ppm using 
precision ac bridges. Scale of 
capacitance is build up from 
10 pF to 1 F using transformer 
ratio bridges. The unit of 
inductance, Henry, is realized 
from capacitance and resistance 
using Maxwell-Wien bridge. 
Value to 100 µH to 10 H is 
assigned through this bridge. 
The unit of ac resistance, Ohm, is 
also realized from capacitance, 
using Quadrature Bridge and 
other precision ac bridges at 
1kΩ. The scale of resistance 
from 1 Ω to 1 MΩ builds up with 
Kelvin double arms ac bridge. 
Precision reference airlines are 
being used as primary standards 
of HF impedance in frequency 
range of 10 kHz to 250 MHz.

 

Fig. 5.39. Temperature stability of air 
bath

 

Fig. 5.40. Inductance of 10 mH at 1 kHz

 

Fig. 5.41. Resistance of 10 mH at 1 kHz 
& 20 Hz
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Multimeter (DMM) under Asia 
Pacific Metrology Programme 
(P1-APMP.EM-S8). For the first 
time, NPL is the Pilot laboratory 
for this inter-comparison, in which 
16 countries are participating. 
The participating countries are 
Australia, Hong Kong, Sri Lanka, 
Kazakhstan, Egypt, South Africa, 
Thailand, New Papua Guinea, 
Vietnam, Jordan, Mangolia, 
Philippines, Malaysia, Indonesia, 
Syria and India. 

The comparison will take about 
two years time for completion.

The measurement parameters 
are given in Table 1.

The DC measurements are 
taken by this group and ac 
measurements by LF, HF Voltage, 
current and Microwave standards 
group.

Out of 16 countries, only 8 
countries are covered under 
ATA Carnet System. The inter-
comparison is being carried out 
in two circulation schemes for 
countries covered under ATA 
Carnet system and for countries 
not covered under ATA Carnet 
system. Both circulation schemes 
have two loops.

(DVM), which was triggered by a 
precision external time base. The 
reference frequency of 10 MHz 
of the time base was monitored 
by a frequency counter. Using air 
capacitors in the range of 1 to 
1000 pF, the set up can generate 
100aA to 100 pA. The reading 
of the DUT (electrometer) was 
recorded simultaneously with 
the output of the DVM by a 
computer. The ramping sequence 
was controlled by a computer 
through a relay controller via an 
optocoupler, which was used for 
galvanic isolation between the 
computer and ramp generator. 
All instruments were calibrated 
against KRISS Standards for the 
units of volt, capacitance and 
time/frequency.

Repeat measurements are 
being carried out at NPL as 
per the technical protocol. After 
measurements, the report will be 
sent to APMP for approval. 

APMP Inter-comparison of 6½ 
Digit Precision Multimeter

This group alongwith  LF, HF 
Voltage, current and Microwave 
Standards group is coordinating 
inter-comparison of 6½ Digit 

Bilateral comparison of low dc 
current with KRISS, Korea

This group is carrying out a 
bilateral comparison with 
KRISS, Korea for low dc current 
under Asia Pacific Metrology 
Programme (P1-APMP.EM. 
S-11). NPL is pilot lab for 
this comparison. Under this 
comparison, the measurements 
were carried out for low dc 
currents of 1 pA, 10 pA and 100 
pA at NPL. The measurement 
setup consists of the calibrated 
Calibrator (as voltage source- 
traceable to JVS), Standard 
resistor (traceable to QHR) 
and electrometer (as current 
meter), all connected in series. 
Standard resistor of 1 GΩ and 
100 GΩ were used, suitable 
voltage was taken from the 
calibrator to obtain the current 
of 1 pA, 10 pA and 100 pA. 
The artefact (electrometer) was 
then hand carried to KRISS and 
measurements were taken for 
about a week. The measurement 
setup at KRISS comprises of 
linear voltage ramp generator 
of 10  mV/s charging a 
capacitor and measuring the 
charging current. In this set-up, 
the non-linearity of a capacitor 
located in the integrator circuit 
is compensated by an analog 
feedback network. The diminution 
of the voltage slope was carried 
out by a Kelvin Varley divider. In 
order to calculate the generated 
current, the voltage output of 
the divider was measured by a 
high precision digital voltmeter 

Table 1

Parameter Nominal value

DC Voltage 100 mV, 1 V, 10 V, –10 V, 100 V and 1000 V

DC Current 10 mA and 1 A

DC Resistance 100 Ω, 1 kΩ and 10 kΩ (using 4-wire)

AC Voltage 100 mV, 1 V, 10 V, 100 V and 700 V at 40 Hz and 
1 kHz

AC Current 10 mA and 1 A at 40 Hz and 1 kHz
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the LF& HF Voltage, Current, 
Microwave Power, Attenuation 
and Impedance parameters, 
which are compatible to 
International Standards 
through continuous research 
and development. We are 
providing national traceability 
in the above parameters through 
apex level calibration to ISRO, 
DRDO, Naval Dockyard, Air 
Force, BEL, STQC labs, regional 
laboratories and the other user 
organizations. We regularly 
participate in international and 
bilateral comparisons (BIPM, 
APMP, EURAMAT) to establish 
a close degree of equivalence 
in measurements among the 
participating NMIs.

Traceability of the Low Frequency 
Voltage at 2 V, 10 Hz to 1 
MHz and Current Standard at 
5 mA, 40 Hz to 10 kHz have 
been re-established from the 
recently procured Multijunction 
Thermal Converter (MJTC). The 
established standards have better 
uncertainty ranging from 5 ppm 
to 20 ppm and will be used to 
calibrate the transfer standards 
of the user organizations. 
We have participated in a 
EURAMAT Intercomparison for 
Low Frequency Voltage recently 
and the results are at par with 
the well established NMIs are 
very close to the reference line 
as shown in the Fig. 5.42.

An APMP Intercomparison P1-
APMP.EM-S8 of 6½ digit DMM 
is being piloted by NPLI. Sixteen 
countries had participated. 

of source traceable from 
National Standard. The nominal 
scale factor of both dividers 
are 10000:1, the comparative 
study investigate the influence 
of temperature in wire wound 
resistive divider is 5 ppm /°C 
where as thick film resistive 
divider have 1 ppm /°C

Comparative study of voltage 
dependence and self heating in 
precision HV resistive divider

The study focused to determination 
of voltage dependence of 
precision high voltage divider 
and self heating of HV resistance. 
High voltage resistive divider 
is a Primary Standard of DC 
High Voltage measurements. The 
traceability of HV measurements 
is directly related to divider’s 
traceability, to scale the voltage 
from Josephson voltage standard, 
which is primary standard of DC 
voltage. The change in effective 
resistance ratio with voltage 
depends upon self heating of 
resistance, electrostatic stress 
and leakage current.  The design 
of divider and precision source 
minimize the above factor. The 
relative ratio change due to high 
voltage of HV divider in both 
positive and negative polarity is 
about 0.1 ppm /kV.

LF & HF Voltage, 
Current and Microwave 
Standards:

The activity has the responsibility 
for the establishment, maintenance, 
updating the Primary Standards 
and calibration facilities for 

First loop of the countries covered 
under ATA Carnet for Australia, 
South Africa and Mangolia was 
completed during May to Nov, 
2011. Similarly, the first loop for 
for countries not covered under 
ATA Carnet system (i.e. Vietnam, 
Philipines, Papua New Guinea, 
Indonesia) is also in progress.

The second loop for countries 
covered under ATA Carnet started 
in Jan 2012 and is progressing 
as per the schedule.

Comparative study of 
temperature influence on thick 
film and wire wound precision 
HV resistive divider.

The study focused to determination 
of temperature influence of thick 
film and wire wound High voltage 
resistive divider. The deviation in 
resistance value depends upon 
the material used in resistance, 
type of construction and its 
coefficients. The temperature 
coefficient play vital role in 
calibration. The construction 
of HV divider reduces the 
temperature coefficient minimum 
by choosing some resistance 
with positive and other negative 
temperature coefficient. When 
these resistances are arranged in 
series, the total resistance changes 
for lower than that of individual 
but influenced with the working 
temperature of HV divider.

The study of deviation due to 
environment temperature from 
20 to 30°C of Thick film divider 
and Wire wound divider up to 
100 kV dc under stable condition 
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This group has established 
a Vector network analyzer 
(VNA) based measurement 
facility in the frequency range 
of 1 MHz to 2 GHz for the 
characterization of RF power 
reference standards, power 
sensors and power mounts. We 
are working on establishing the in 
house measurement traceability 
for the one port broadband 
S-parameter measurements 
of VNA, from Dimensional 
Metrology and DC Resistance 
Standard. The measurement 
setup and the calibration kit are 
shown in Fig. 5.46 & Fig. 5.47. 
The established traceability 
will be used in assigning the 
VSWR/ reflection coefficient 
measurement and estimating 

Saood Ahmad, Bijendra Pal and 
A. K. Govil (Team – NPLI), have 
been awarded NPLI Technology 
Award 2011 comprising of 
Certificate & Cash Prize for 
the R&D invention based on 
Software Development for the 
Advancement in Measurements, 
which was registered by  
Copyright Office, Govt. of 
India for their contributions 
and innovation in the field of 
Electrical Metrology (Fig. 5.45). 
The developed softwares are 
of great use in calibration and 
maintaining the traceability 
chain of reference and transfer 
standards of LF & HF Voltage, 
Current and Microwave power. 
The award was presented 
during the National Technology 
Day Celebrations on 20 May, 
2011 held at NPLI, New Delhi, 
India. Dr. Srikumar Banerjee, 
Chairman, Atomic Energy 
Commission & Secretary 
Department of Atomic Energy, 
Govt. of India, who was the 
Chief Guest at the said function, 
presented the awards.

We had provided an exclusive 
training in Low frequency voltage 
and current to Mr. Joe Panga 
from NISIT, (NMI) of Papua New 
Guinea in June 2011 at NPLI.

Broadband attenuation 
measurement facility based 
on the procured attenuator & 
signal calibrator system (8852/
VM7) has been established. It 
will be used for the calibration 
of coaxial fixed & variable step 
attenuators in the frequency 
range from 10 MHz to 18 GHz. 
The complete measurement setup 
and the results are shown in Fig. 
5.43 & Fig. 5.44.

Fig. 5.42. EURAMAT Intercomparison

 

Fig. 5.44. Frequency response of 
attenuator Fig. 5.46. VNA calibration (Airline)

Fig. 5.43. Attenuation measurement system

Fig. 5.45. NPLI Technology Award 2011
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The National Standard of AC 
High Current Ratio Measuring 
System up to 5000A/1A, 5A is 
shown in Fig. 5.48.

The National Standard of AC 
High Voltage Ratio up to 100 
kV/100 V comprising of the 
Compressed Gas Capacitor, 
Air Capacitor & the Electronic 
Voltage Divider (EVD) is shown 
in Fig. 5.49.

Establishment of the National 
Standard for AC High Voltage 
Capacitance and Tangent Delta 
Measurement at NPL

AC High Voltage & High Current 
Standards have established 
the National Standards for the 
calibration and measurement of 
AC High Voltage Capacitance 
and Tan δ upto 200 kV at 50 Hz 
(Fig. 5.50). This will also provide 
the measurement traceability 
to kV Meters, High Voltage 
Dividers, BDV Testers upto 200 
kV. With the help of this facility 
insulation level of test objects 
like transformers, bushings and 
cables etc. can be measured with 
a  high degree of accuracy. 

Inputs and the feedback received 
from the participants have been 
incorporated in Draft A report. 
Preparation for the Draft B 
report will follow after the final 
approval from TCEM Chair.

AC High Voltage & High 
Current Standards

This section is maintaining 
National Standards for AC High 
Voltage and High Current Ratios 
at power frequencies (50Hz) by 
using Reference Standard High 
Voltage Ratio Measuring System 
and Reference Standard Current 
Transformers. Accordingly 
calibration services were 
provided for the calibration of 
Current Transformers, Current 
Transformer Testing Sets, 
Clamp Meters, CT Burdens, 
Voltage Transformers, Voltage 
Transformer Testing Sets, HV 
Probes, Electrostatic Voltmeters 
(ESVMs), HV Break Down Test Sets 
and Voltage Transformer Burdens 
etc. As many as 69 calibration 
certificates were issued to the 
electrical manufacturers and 
utilities in the country.

the mismatch uncertainty for  
the microwave power 
measurement.

NPLI had piloted an APMP 
supplementary comparison for 
reflection coefficient magnitude 
and phase on coaxial a few 
years back. The Draft A report 
on the APMP supplementary 
comparison (P1-APMP.EM.RF-S3), 
Reflection coefficient magnitude 
and phase on coaxial  have 
been prepared, compiled and 
submitted to APMP TCEM chair: 
Dr. Ilya Budovsky. The report was 
presented by him to all CCEM 
members presented at CCEM, 
BIPM meeting, Paris- France in 
March 2011. Subsequently, Draft 
A report have been circulated 
among the participating NMIs 
for their comments/suggestions. 

Fig. 5.47. Calibration kit of VNA

Fig. 5.48 The National Standard of AC High Current Ratio Measuring 
System up to 5000A/1A, 5A.

Fig. 5.49 National Standards for AC High Voltage
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The uncertainties claimed in 
peer review in 2009 have been 
published in JCRB of BIPM. 
Minimum value is 70 ppm for active 
power, 90 ppm for rective power 
and 80 ppm for apparent power.

Final report of Key comparison 
EURAMET.EM-K5.1, EURAMET 
Project 687 “comparison of 
50/60 Hz power” has been 
published in KCDB. Pilot lab was 
UMM Turkey. We had taken part 
on normal test points , 120 V/5 
A, PF = 1, 0.5i/c and 0i/c, so at 
additional no power  points: 120 
V/0 A, 0 V/5 A & 0 V/0 A for 
DC offsets and for DC reference 
voltage measurement. Our 
results at every point are very 
close to the pilot laboratory. The 
results at 120 V/ 5 A, PF = 1, 
0.5 i/c are given in Fig. 1,2,3 
below:

The ranges of the measurements of C & Tan d are as follows:-

Applied Voltage & 
Frequency

Parameters Ranges Accuracy

5 V – 200 kV/50 Hz HV Capacitance   
Tan δ

≥0.01pF  
0 – 100

± 0.02%  
± 0.001%

Fig. 5.50 calibration and measurement of AC High Voltage 
Capacitance and Tan δ upto 200 kV at 50 Hz.

Fig. 5.51 Calibration of reference standard against Primary Power 
Calibration System

services from existing 100 kV 
to 200 kV for High Voltage 
Sources, kV Meters and High 
Voltage probes. This has been 
made possible by the induction 
of C and Tan Delta high precision 
measuring system. 

AC Power and Energy

PPCS primary power calibration 
system as shown in fig. 5.51, 
has been established traceable 
to DC voltage, resistance and 
time. We have calibrated our 
3 phase and 1 phase reference 
standard against this PPCS.The 
uncertainties are established to 
within 30 ppm with respect to 
apparent power.

National Standard for AC High 
Voltage Capacitance and Tan d

•	� Extraordinary Research 
Highlights

Making use of the expertise and 
experiences available with the 
division, an innovative idea of 
using the recently installed C and 
Tan delta facility as kV meter 
for measurement of voltages as 
high as up to 200 kV has been 
implemented in addition to the C 
and Tan delta measurement and 
calibration services. This idea 
has added a new dimension in 
our measurement capability by 
adding one more parameter of 
AC high voltage measurement  
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(NPLI is at 31st month) 

ECF earned during the financial year 2011-12 is 28 lakhs with 157 
calibration & test reports

� 

 

Figure 1. Reported Results, 120 V, 5 A, PF=1.0 (k=1)
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Figure 3. Reported Results, 120 V, 5 A, PF=0.5 Lag (ind) (k=1)
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Figure 2. Reported Results, 120 V, 5 A, PF=0.5 Lead (cap) (k=1)
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DokUVe ifj?kVuk ,oa vuqiz;ksx

jk"Vªh; HkkSfrd iz;ksx'kkyk esa 10 oksYV ds Lrj ij izksxzkeuh; tkslsQlu oksYVrk ekud laLFkkfir fd;k 
x;k gS] tks fd ,u vkbZ ,l Vh] la;qDr jkT; vesfjdk ds lg;ksx ls izkIr gqvk gSA blls Hkkjr esa 
ÞoksYVß ds ek=d ds ekud gsrq varjkZ"Vªh; Lrj ds vuq:i vk/kkj fufeZr gqvk gSA

DokUVe dSaMsyk ¼cd½] tks T;ksfr rhozrk dk SI vk/kkj ek=d gS] dks LFkkfir djus ds fy, QksVksu dh 
x.kuh; la[;k ds lanHkZ esa iz;kl fd;k tk jgk gSA ,l ih Mh lh izØe dk iz;ksx djds QksVksu x.ku 
lalwpdksa dh fujis{k lalwpu n{krk gsrq nks QksVksu lg&laca/k xq.kksa dks iz;ksx esa yk;k tk ldrk gSA

T ¼fujis{k rki½ = 1-8 ls 400 K ¼dsfYou½ rd rFkk B = 1 ls 7 T esa izpkyukRed ,d SQUID vk/kkfjr 
ifj'kq) eSXuksehVj ¼,e ih ,e ,l½ lqfo/kk laLFkkfir dh xbZA ,d ghfy;e&Øk;ksLVSV] vfr pkyu 
pqEcd ¼0&7 T½ dk iz;ksx djds ,d iw.kZr% Lopkfyr eSXusVks VªkaliksVZ O;oLFkk] ifjorhZ rki bUlVZ ¼4-2 
& 300 K½ rFkk iz;ksx'kkyk n`'; lkW¶Vos;j ¼ySc O;w lkW¶Vos;j½ fodflr fd;k x;kA cqfu;knh vfHkdYi 
lehdj.kksa dk iz;ksx djds Liafnr pqEcd dk ,d iz;ksx'kkyk vkn~;iz:i vfHkdfYir fd;k x;k rFkk 
mldk 1 T QhYM gsrq ijh{k.k fd;k x;kA

MgCNi3 ¼Tc = 7.5 K½ rFkk Bi3 Ni (Tc) = 4.3 K½ esa vfr pkydrk tks Ni ykSg pqEcdRo dh ?kfu"B lehirk 
esa ?kfVr gksrk gS] dk foLrkj ls v/;;u fd;k x;kA eYVh cSaM fuDVkbM ;kSfxd tSlsfd vfr pkyd 
Nd, SmFeAs O/F rFkk ?kfu"B :i ls lacaf/kr pqEcdh; RECoAsO dk vUos"k.k fd;k x;kA ¼Eu/Y½ Ru 

- 1222 pqEcdh; vfr pkyd esa ykSg pqEcdRo ls izpfØr dk¡p (spin glass) dh mRifŸk dks n'kkZ;k 
x;k] ftlds QyLo:i bu varfuZfgr iz.kkfy;ksa esa vfr pkydrk dh mifLFkfr iznf'kZr gqbZA flUVfjr 
vkWfDlfudVkbM LaO1-x Fx FeAs vfr pkyd esa nqcZy lgyXurk vkpj.k dk vUos"k.k fd;k x;kA

LaTiO3/ SrTiO3, LaAlO3/ SrTiO3 fo"ke lajpukvksa esa vkWDlkbM baVjQslksa dk izki.k laHko gqvk gS rFkk muesa 
rki esa ifjorZu djds ;k pqEcdh; vFkok oS|qr {ks=ksa dk iz;ksx djds okgd ?kuRo rFkk bysDVªkWfud 
izkoLFkkvksa dks leLofjr djus dh laHkkouk dk v/;;u fd;k x;kA

pqEcdh; Vuy taD'kuksa ¼MTJ½] pqEcdh; oy; O;wgksa ds lafojpu rFkk vfHky{k.ku rFkk vfr pkyd 
fQYeksa ,oa uSuks lafojfpr vfr pkydksa esa DokUVe izkoLFkk fLyi izØeksa ij muds izHkko ls lacaf/kr {ks= 
esa lfØ; vuqla/kku dk;ksZa dks vkjaHk fd;k x;kA

,d la;ksftr dsafnzr vk;u fdj.k iqat lw{en'khZ laLFkkfir fd;k x;k vkSj mls lfØ; cuk;k x;k ftlesa 
cgq izdk;kZRed lqfo/kk,a gSa tSlsfd mPp fo;kstu izfrfcacu] LFkkuhd`r fefyax rFkk /kkrq ;k jks/kh inkFkksZa 
dk fu{ksi.k] tfVy izfr:i ys[ku gsrq bZ&fdj.k iqat fyFkksxzkQh] rkfRod rFkk fØLVyh; vfHky{k.ku 
vkfnA izkjafHkd Lrj ij uSuks ;qfDr;ksa dk lafojpu vkjaHk fd;k x;k gSA
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Quantum Phenomena and Applications

Programmable Josephson Voltage Standard at 10 V level has been installed at NPL with the support 
of NIST, USA. This forms the basis for standard of the unit of ‘Volt’ in India at par with the international 
level.

Strides have been made, in terms of the countable number of photons for establishing quantum 
candela (cd), which is SI base unit of luminous intensity. Two photon correlation properties can be used 
for absolute detection efficiency of photon counting detectors using SPDC process.

A SQUID based precision magnetometer (MPMS) facility, operational in T=1.8 to 400 K and B = 0 to 
7 T, was established. A fully automized magneto transport setup, using a He-cryostat, superconducting 
magnet (0-7 T), variable temperature insert (4.2 - 300 K) and LabView software was developed. 
Following basic design equations, a laboratory prototype of pulsed magnet was designed and tested 
for 1T field.

Superconductivity in MgCNi3 (Tc = 7.5K) and Bi3Ni (Tc = 4.3K), that occurs in close vicinity of Ni 
ferromagnetism, were studied in detail. The multiband pnictide compounds like superconducting 
Nd,SmFeAsO/F and closely related magnetic RECoAsO were investigated. The ferromagnetism in 
(Eu/Y)Ru-1222 magnetic superconductor was shown to convert to spin glass, that then allows the 
existence of superconductivity in this intriguing systems. Weak link behaviour in sintered oxypnictide 
LaO1-xFxFeAs superconductor was investigated.

Oxide interfaces were realized in LaTiO3/SrTiO3, LaAlO3/SrTiO3 heterostructures and the possibility 
of tuning the carrier density and electronic phases by changing temperature or by applying magnetic 
or electric fields were studied in them.

Active research was initiated in fabrication and characterization of Magnetic Tunnel Junctions (MTJs), 
Magnetic Ring Arrays and their influence on superconducting films and Quantum phase slip processes 
in nanostructured superconductors. 

A combined focused ion beam microscope was installed and made active, which has multifunctional 
facility such as high resolution imaging, localized milling and metal or insulator deposition, e-beam 
lithography for complex pattern writing, elemental and crystallographic characterizations. Fabrication 
of nanodevices at preliminary level has strated.
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Programmable Josephson 
Voltage Standard

Recently Programmable 
Josephson Voltage Standard at 
10 V level has been installed at 
NPL (Fig. 6.1) with the support 
of NIST, USA. The heart of the 
system is the Josephson chip 
fabricated at NIST, Boulder, 
USA. The salient features of the 
chip are:

•	 The non-hysteretic 
Josephson tunnel junctions 
which are made of Nb 
electrodes and NbxSi1-x 
barriers.

•	 The 10 V chip contains a 
total of 256,116 Josephson 
junctions organised in 
stacks of three junctions 
and distributed into 32 
microwave coplanar 
waveguide lines.

The PJVS system is based 
on ‘Quantum Phenomena’ 
(Josephson Effect) given by the 

relation

2eVn = nhf

Where n= 0, ± 1, ± 2, ± 3, ---;

Vn = quantized voltage;

f = frequency of irradiation;

h = Planck’s constant;

e = electron charge

This forms the basis for standard 
of the unit of ‘Volt’ in India at par 
to the international level.

The uncertainty in measurement 
of Zener Reference Standards 
is ± 350 nV at k = 2 (inclusive 
of noise of a typical Zener) at 
10V level as per the ISO/IEC 
17025:2005.

Quantum Transport in 
Thin Film Hetreostructures

MgCNi3 - We report synthesis, 
structural, magnetic, specific 
heat and Density Functional 
Theory (DFT) studies on MgCNi3 
superconductor. Polycrystalline 
MgCNi3 samples are synthesized 

Fig. 6.1 : Photograph of the ‘Programmable Josephson Voltage Standard’ (PJVS) at 10 
Volt at NPL-India
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through standard solid state 
reaction route and found to 
crystallize in cubic perovskite 
structure with space group 
Pm3m, without any detectable 
trace of Ni impurity. Both AC 
and DC magnetization exhibited 
superconducting transition (Tc) at 
around 7.25 K. The lower critical 
field (Hc1) and irreversibility 
field (Hirr) are around 140 Oe 
and 11 kOe respectively at 2 
K. The upper critical field (Hc2) 
being determined from in-field 
AC susceptibility measurements 
is 11.6 kOe and 91.70 kOe with 
50% and 90% diamagnetism 
criteria respectively. Heat 
capacity (Cp) measurements are 
carried out under applied field 
of up to 140 kOe and down to 
2 K. The Sommerfeld constant 
(y) and Debye temperature 
(QD) as determined from low 
temperature fitting of Cp(T) 
data to Sommerfeld-Debye 
model are 36.13 mJ/mole-K2 
and 263.13 K respectively, see 
(Fig.6.2). The Bardeen-Cooper-

Schrieffer (BCS) parameter (2Δ/
KBTc) is around 3.62, suggesting 
MgCNi3 to be an intermediate 
coupled BCS superconductor 
with value l = 0.69. Although 
the DFT calculations exhibited the 
compound to be non-magnetic 
but with spin fluctuations, 
the experimental isothermal 
magnetization MH loops at 
20, 50, 100, 200 and 300 K 
showed some ferromagnetic 
nature in this compound with 
coercive field (Hc) of around 
50 Oe at 20 K. The Ni3d states 
play dominant roles near the 
Fermi levels and there is strong 
hybridization between Ni3d and 
C2p states. It seems that MgCNi3 
is superconducting in close 
proximity of ferromagnetism.

Bi3Ni - We report the 
experimental and theoretical 
study on magnetic nature of 
Bi3Ni system. The structure is 
found to be orthorhombic (Pnma) 
with lattice parameters a = 
8.879Å b = 4.0998Å and c = 
4.099Å. The title compound is 
synthesized via a solid state 
reaction route by quartz vacuum 
encapsulation of 5N purity 
stoichiometric ingredients of 
Ni and Bi. The superconducting 
transition temperature is found 
to be 4.1 K as confirmed from 
magnetization and specific heat 
measurements. The lower critical 
field (Hc1) and irreversibility 
field (Hirr) are around 150 and 
3000 Oe respectively at 2 K. 
Upper critical field (Hc2) as 
determined from in field (up to 

4 Tesla) ac susceptibility is found 
to be around 2 Tesla at 2 K. 
The normal state specific heat is 
fitted using Sommerfeld-Debye 
equation C(T) = yT + bT3 + dT5 
and the parameters obtained 
are  y = 11.08 mJ/mol-K2,  
b = 3.73 mJ/mol-K4 and  d = 
0.0140 mJ/mol-K6. The calculated 
electronic density of states (DOS) 
at Fermi level N(EF) and Debye 
temperature QD are 4.697 
states/eV per formula unit and 
127.7 K respectively. We also 
estimated the value of electron 
phonon coupling constant (l) to 
be 1.23, which when substituted 
in MacMillan equation gives Tc 
= 4.5K. DFT based calculations 
for experimentally determined 
lattice parameters show that Ni 
in this compound is non-magnetic 
and ferromagnetic interactions 
seem to play no role. The Stoner 
condition I*N(EF) = 0.136 per Ni 
atom also indicates that system 
cannot have any ferromagnetism, 
see Fig. 6.3.

EuRu-1222 - We report DC 
magnetization, detailed 
systematic linear and nonlinear 

 

Fig. 6.2: Heat Capacity vs Temperature Cp 
(T) plot of MgCNi3 in temperature range 
of 2-250 K without applied magnetic field. 
Inset ‘a’ shows linear fitting of Cp/T vs T2 
– 140 kOe curve (normal state). Inset ‘b’ 
shows Cp/T vs T2 plots in magnetic fields 0 
to 140 kOe. [J. Appl. Phys.111, 033907 
(2012)]

 

Fig. 6.3 Calculated electronic density of 
states (DOS) for the fully relaxed structure

Bi3Ni, inset shows the DOS with and without 
SOC around Fermi level. [Sup. Sci. Tech. 
24, 085002 (2011)]
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K. Superconducting transition 
temperature (Tc) onset and r = 
0 are seen at around 30 and 18 
K without any applied field and 
the same decreases to 10 and 2 
K under 130 kOe applied field. 
Also low fields isothermal (MH) 
suggests that ferromagnetic 
clusters are embedded in 
spin-glass (SG) matrix. The 
magnetization vs. applied 
field (MH) loops exhibited 
ferromagnetic  (FM) like behaviour 
with rather small coercive 
fields. Detailed AC magnetic 
susceptibility measurements are 
carried out to unearth the short 
range magnetic correlations. 
These results support the spin-
glass (SG) formation followed 
by ferromagnetic clustering 
effects at low temperatures. 
Our detailed magnetization 
and magneto transport results 
will undoubtedly contribute to 
current understanding of the 
complex magnetism of the EuRu-
1222 system.

RECoPO (RE = La, Nd & Sm): We 
report the electrical, magneto 
transport and specific heat of the 
layered polycrystalline RECoPO 
(RE = La, Nd and Sm) samples. 
These compounds are iso-
structural to recently discovered 
superconductor LaFeAs(O/F). 
Bulk polycrystalline samples 
are synthesized by solid state 
reaction route in an evacuated 
sealed quartz tube. All these 
compounds are crystallized 
in a tetragonal structure with 
space group P4/nmm. Cobalt in 

AC magnetic susceptibility and 
transport for a single phase 
RuSr2Eu1.4Ce0.6Cu2O10-d (EuRu-
1222) magneto-superconductor. 
The studied sample is synthesized 
through standard solid state 
reaction route,  which is crystallized 
in single phase tetragonal 
structure with space group I4/
mmm. DC magnetic susceptibility 
measurements revealed that 
the studied EuRu-1222 is a 
magneto-superconductor with 
Ru spins ordering at around 
110 K and superconductivity in 
the Cu-O2 planes below ≈ 30 
K, see Fig. 6.4. Temperature 
dependence of AC susceptibility 
with different frequency and 
amplitude variations confirms 
spin-glass behaviour with cluster 
ferromagnetism of the system. 
Change in the cusp position with 
frequency follows the Vogel-
Fulcher law, which is commonly 
accepted feature for a spin-glass 
(SG) system with ferromagnetic 
clusters. The third harmonic of 
AC susceptibility (c3) shows 
that the system undergoes a 
spin glass transition below 80 

these compounds is in itinerant 
state with its paramagnetic 
moment above 1.4 µB and the 
same orders ferromagnetically 
(FM) with saturation moment 
of around 0.20 µB below say 
80K. Though, LaCoPO shows 
single paramagnetic (PM) to 
ferromagnetic (FM) transition near 
35 K, the NdCoPO (Fig.6.5) and 
SmCoPO exhibit successive PM-
FM-AFM transitions. Both FM and 
AFM transition temperatures vary 
with applied fields. Although the 
itinerant ferromagnetism occurs 
with small saturation moment, 
typical anti-ferromagnetic (AFM) 
transitions (TN1, TN2) are observed 
at 60 K and 14 K for Nd and 70 
K and 40 K for Sm. This FM-AFM 
transition of Co spins in NdCoPO 
and SmCoPO is both field and 
temperature dependent. The 
Magneto-transport of NdCoPO 
and SmCoPO distinctly follows 
their successive PM-FM-AFM 
transitions. It is clear that Sm/
Nd (4f) interacts with the Co 
(3d) in first time synthesized Sm/
NdCoPO.

 

Figure 6.4: ZFC and FC DC magnetization 
plots for RuSr2Eu1.4Ce0.6Cu2O10-d measured 
in the applied magnetic field, H = 10Oe. 
Inset shows the M vs. H plot at temperature 
2K in the range of -500 Oe ≤ H ≤ +500 
Oe. [J. Appl. Phys.111, 043926 (2011)]

 

Fig. 6.5 Magnetization (M) versus 
temperature (T) for NdCoPO at different 
fields. Insets show the isothermal 
magnetization M(H) plots of the 
compounds at various temperatures. [J. 
Appl. Phys.111, 103913 (2011)].



99Annual Report 2011-12CSIR-National Physical Laboratory

Quantum Phenomena and Applications
D

ivision 6

Fig. 6.7 Pulsed Laser Deposition (PLD) Laboratory

Focused ion beam microscope : 
A nanodevice laboratory

“In order to explore and 
understand electronic, magnetic 
and photonic properties of new 
novel materials, in particular 
superconducting thin films, 
nanowires and carbon nanotubes, 
we fabricated nanostructures/
nanodevices by using state of 
the art lithography tools such as 
focused ion beam microscope or 
ebeam lithography. Successful 
creation of these nanodevices 
gives access to many novel 
experiments to investigate the 
quantum phenomena”.

variety of thin film materials. This 
unique lab facilitates researchers 
with multidirectional activities 
in some of the never saturated 
fields namely; manganites, both 
high Tc cuprate and normal 
metal superconductors, nitrides, 
multiferroics, chalcogenides 
semiconductors for their exotic 
nature and also due to the 
possibility of their tailored made 
artificial structures which are 
promising candidates for the next 
generation device applications.

The Pulsed laser lab is equipped 
with Two 50 Hz KrF excimer lasers 
(Energy ~ 700 mJ, l = 248 nm), 
5 PLD chambers. Chambers are 
equipped with substrate heater 
with PID controlled operating 
temperature of up to 850°C; 
gas manifold - provision for 
independent gas (inert and/
or reactive) regulation; fully 
automated target carrousel 
for mounting 6 numbers of 1 
inch dia. targets for multilayer 
deposition; programmable target 
raster and rotating mechanism; 
interfacing facility with excimer 

laser for synchronized operation. 
Together with PLD chamber, 
magnetron sputtering and 
thermal evaporation facilities 
are also integrated to one of the 
cluster. This system provides in-
situ sample transfer facility; load 
lock chamber for sample loading 
and shadow mask mounting. DC 
and RF Sputtering chambers are 
equipped with variable distance 
UHV compatible sputtering 
sources for 2 inch dia. targets; 
and 1000 Watt DC & 600 Watt 
RF power supplies for multilayer 
deposition.

Quantum Optics and 
Photon Physics

The unified theory of coherence 
and polarization first proposed 
by Wolf connects the spatial 
coherence with the polarization 
property of light  and also 
shows that change in the spatial 
coherence of the light on 
propagation not only changes 
the spectrum but also the 
polarization properties of the 
light fields. Thus a relationship 

Fig. 6.6 A focused ion beam microscope

Pulsed Laser Deposition (PLD) 
Laboratory

A multi user facility has been 
established in the year 2011 
– 2012 for the deposition of 
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light mimics the properties 
of entangled photon pairs. 
The use of spatial correlation 
to carry information using 
pseudo-thermal light radiation 
in the second-order intensity 
correlation measurements was 
explored to study the classical 
subwavelength interference 
effect and also ghost or 
coincidence imaging. This is a 
technique for generating an 
image of an object with photons 
that do not directly interact with 
the object. Experiments were 
performed at near field and 
far field to study the influence 
of various parameters on the 
quality and the resolution of the 
reconstructed image.

A complete understanding of the 
underlying physical phenomena 
of drug cytotoxicity is vital 
necessity for the rational design 
of drug therapy regimens. Lack 
of details on discerning binding 
behaviour of anticancer drugs  
and structure of their DNA 
complexes remains central 
problem in antitumor drug 
development. To address issues 
related to DNA interaction 
mechanisms of different 
anticancer drugs, we applied 
different spectroscopic and 
molecular docking studies. 
Amsacrine and its derivatives, 
which share a common 
anilinoacridine chromophore 
in their structure, form one 
of the major groups of 
chemotherapeutics used to treat 
a wide range of malignancies 

between the electric cross-
spectral density matrix and the 
generalized Stokes parameters, 
which are two-point parameters, 
was established. This was 
possible only by treating 
components of electric fields 
as vector quantities. As a 
consequence of these studies 
a very important law termed 
as electromagnetic spectral 
interference law governing the 
usual Stokes parameters with the 
generalized Stokes parameters 
was also proposed for the first 
time by Setala et al.  Very 
recently for the first time, by 
using polarizers and half wave 
retarders in widely separated 
beams, in a modified version of 
the Young’s interferometer, the 
electric cross-spectral density 
matrix and the generalized 
Stokes parameters were 
realized experimentally and 
the electromagnetic interference 
law was also verified by us. 
These two-point parameters 
have found various applications 
in polarization studies and also 
in polarization metrology of 
thermal sources.

Entanglement of two or more 
spatially distant particles has 
applications both in fundamental 
and applied research. In a 
two-photon system, a pair 
of photons is generated in 
certain physical process called 
parametric down conversion. 
Recently it was found that 
under certain conditions thermal 
light or classically correlated 

ranging from solid tumors to 
leukemia and lymphoma of adults 
but albeit several studies, DNA 
binding behaviour of amsacrine 
is not clear. We utilized FTIR, 
FT-Raman circular dichroism 
and UV-Visible spectroscopic 
techniques in combination with 
in silico studies to understand 
the interaction mechanism 
of amsacrine with DNA. Our 
results suggest that amsacrine 
has weak to intermediate type 
of intercalative properties. It 
intercalates more between AT 
base pairs compared to GC 
pairs. This intercalation widens 
the distance between two DNA 
strands. Perturbation of B-DNA 
conformation at amsacrine 
binding sites is also observed. 
No major B- to A-DNA transition 
occurs at any concentration 
of amsacrine used in the 
experiments. These local changes 
induced by amsacrine binding 
with DNA could be recognized 
by topoisomerase II enzyme and 
hence may help in formation 
and subsequent stabilization 
of ternary complexes, which 
ultimately renders cytotoxic 
efficacy of the drug.

Fourier transform infrared 
spectroscopy (FTIR) is potentially 
a powerful analytical method 
for identifying the spectral 
properties of biological tissues. 
It is a fast and reliable tool for 
distinguishing between normal 
and cancerous tissues without 
the need for laborious sampling 
procedures. Normal and 
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malignant breast tissue samples 
from hundred patients of different 
age group were collected from 
Max superspecialty hospital, New 
Delhi and analyzed using Fourier 
transform infrared spectroscopy. 
Samples were obtained from the 
organs removed during surgery 
and then classified on the basis of 
histopathological examinations. 
To characterize differences 
between the normal and 
cancerous tissue, specific regions 
of the spectra were analyzed 
to study variations in the levels 
of metabolites. The malignant 
tissue showed appreciable 
biochemical deviations from 
their normal forebears in all 
the cases. We were able to 
mark some important IR marker 
peaks, which are present only 
in either normal or cancerous 
tissue. Various infrared intensity 
ratios, which are related to, the 
biochemical condition of a cell 
was calculated. These infrared 
ratios are indicative of metabolic 
state of a cell.

A number of polystyrene films 
were calibrated for different 
pharmaceutical industries 
and R&D organizations using 
Fourier transform infrared 
spectrophotometer. Further FT-
IR and FT-Raman Spectroscopic 
testing facilities were provided 
to various groups of NPL 
and outside agencies. Apart 
from this, night vision cameras 
received from various industries 
were calibrated against the 
blackbody.

Phase singularity or screw 
dislocations are common 
throughout in optical physics. 
Because of their specific spatial 
structure and associated orbital 
angular momentum, they find 
variety of applications namely, 
optical trapping of atoms, 
optical tweezers, optical 
spanners, micro-machining and 
optical communication. Apart 
from the mechanical control 
over micro-particles, recently 
they have found applications 
in quantum computation and 
quantum information processing. 
Despite of having variety of 
applications of phase singular 
optical fields, their vector 
dependent physical properties 
are still a field for exploration. 
We demonstrate that vortex 
beams, along with other states 
of polarization, carry pairs of 
polarization entangled photons 
which are basic requirement 
in various processes, such as 
quantum information processing 
and quantum teleportation.

We study polarization of 
phase singular optical beams 
and the changes in coherence 
when a fundamental mode 
from an intensity stabilized 
laser is transformed into phase 
singular beam. Stokes vector and 
coherency matrix approach is 
adopted to quantify changes in 
diffracted orders of the computer 
generated hologram containing 
optical vortices. Coherency 
matrices were evaluated for 
vortices of several topological 

charges for different state of 
polarization. Matrix elements 
of the coherency matrices are 
used to quantify degree of 
coherence and to evaluate 
the effective phase difference 
between the field components 
to quantify coherence. We 
observe the similar profile for all 
the diffracted orders for given 
state of polarization of incident 
beam, confirming classical nature 
of coherence in vortex beams. 
Inadvertently, the same coherence 
nature for the central order and 
vortices indicates that the spin 
angular momentum and orbital 
angular momentum of photons 
are not coupled in this process.

Study of light-induced processes 
in biological photoreceptors is 
interesting and important as 
well, for both basic and applied 
research, as the photoresponse 
of these molecules is optimized 
by nature itself through centuries 
of evolution. Among large variety 
of photosensitive biomolecules, 
rhodopsin proteins seem to be 
most attractive, as they are basis 
for vision processes and some 
part of photosynthesis in nature. 
Realization of photonic devices 
with biological molecules will also 
provide the ground for green 
photonics.

Theoretical analyses of laser 
induced nonlinear absorption 
processes in rhodopsin protein 
molecules have been performed. 
The results validate the feasibility 
of all-optical switching operation 
‘Switching light with light’, in 
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Samples of oxypnictide compound 
LaO1-xFxFeAs, with x = 0.15 and 
0.2 were studied by XRD and 
HRTEM, as well as resistivity 
r(T), magnetization M(B) and 
microwave modulated absorption 
(MMA) response between 4.2 – 
300 K and applied fields B = 0 
- 8 T. With change in x, both the 
superconducting and magnetic 
behaviour of the samples show an 
interesting pattern. The “magnetic 
anomaly” at T~130 K, observed 
in M(T) for x = 0, instead of 
getting totally suppressed shows 
a tendency to reappear in x = 
0.2 sample. The superconducting 
transitions as measured by r(T) at 
B = 0 are found broad for both 
x = 0.15 and 0.2 samples with 
transition widths ~ 2.5 and 6 K, 
respectively. The slope dBc2/dT 
(where Bc2 is upper critical field) 
determined by resistive onsets, 
for x = 0.15 and 0.2 samples, 
has values ~ -7.5 and -3.5 T/K, 
respectively. The superconducting 
state characteristics as reflected 
by r(T, B), M(T), magnetic Jc(B) 
and MMA response are typical 
of the presence of weakly linked 
inter-grain regions in both the 
samples. Our HRTEM images of  
x = 0.15 sample show a presence 
of high angle (~ 43o) grain 
boundaries, that are well known 
to limit the Jc in cuprate-based 
high Tc bulk materials.

Major facilities established:

During last year (2011-2012), 
we have installed a focused 
ion beam microscope (Fig. 6.6) 
(Zeiss_Auriga 39-71).  This 

these protein molecules in very 
simple pump-probe geometry. 
The performance of the switch 
in terms of contrast has been 
enhanced by optimizing the 
concentration of molecules and 
signal wavelength. Nonlinear 
transmission characteristics of 
some newly synthesized organic 
molecular photochromic systems 
were also analyzed.

Superconductivity: 
Materials and 
Dissipation Physics

A fully automized magneto 
transport setup was developed 
for RT and IV characterization 
of superconducting samples in 
a temperature range T = 4.2 
- 300 K and in magnetic field 
B = 0 - 7 T. A N2 jacketed He 
cryostat, 7 Tesla magnet and 
variable temperature insert (VTI) 
were assembled to carry out the 
measurements.  An exhaustive 
software based on LabVIEW was 
developed to automize the setup 
completely. The setup and the 
software were tested on a NbN 
superconducting thin film sample.

Extremely high magnetic fields 
from 30 - 90 T have been 
possible with pulsed magnet 
technique. Taking a reference 
of Tallahassee coil of 250 kJ, a 
pulsed magnet was worked out 
to produce 50 T field for 10 ms 
at 77 K. To begin with, following 
the basic design equations, a 
laboratory prototype of pulsed 
magnet was designed and 
tested for 1T. 

is a unique microscope, can 
be used for high resolution 
imaging, localized metal or 
insulator deposition, elemental 
analysis, micromanipulation 
of objects, localized milling 
/ circuit modifications. Our 
potential results demonstrate the 
functioning of this facility and 
subsequently show that we can 
fabricate nanodevices from 1D 
or 2D materials, nanolayers or 
nanowires. Moreover this facility 
can be used as a micro- and nano-
machining tool at the nanoscale 
and we believe that this will boost 
the nanofabrication activity at 
NPL and hence the nanodevice 
research. Following are the 
important devices fabricated by 
using above mentioned facility.

1. Solar Energy project: 
Nanodevice fabrication of 
quantum wells:

Fig. 6.8 A.  Epitaxial layers

Fig. 6.8 B.  FIB fabricated device for 
transport stud
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Here we mainly used FIB milling 
and platinum (Pt) metal deposition 
techniques to fabricate these 
devices as shown in the Fig. 
6.8A&B. Goal of this project is 
to measure transport properties 
through quantum wells formed by 
~ 30 nm thick layers of  InGaN/
GaN layers which is shown in Fig  
6.8A.

2. Nanodevice Fabrication of 
Te nanowires/ nanotubes:

Here we show the fabrication of 
nanodevices from 1D materials. 
First chemically synthesized 
tellurium nanowires were 
dispersed on the substrate 
(Fig 6.9A). We used coarse Au 
metal deposition (shadow mask 
technique) to make metal contacts. 
First nanowires were localized by 
using FESEM, further nanowires 
were connected to gold pads by 
localized platinum deposition, 
and finally FIB milling was used 

to remove unwanted connections. 
Devices are made and ready for 
the transport measurement study 
(Fig 6.9B).

3. Graphene based 
nanodevices:

High quality junctions between 
nanomaterial and metal 

the single layer of graphene  
(Fig 6.10B).

4. Topological insulators based 
nanodevices:

Spin–orbit coupling in 
topological insulators leads to 
the formation of surface states 
that are topologically protected 
from scattering, insensitive to 
scattering by impurities. These 
materials may provide new 
routes to generating novel 
phases and particles, possibly 
finding uses in spintronics and 
quantum computing (RefJoel E. 
Moore, Nature, 464, 194-198, 
2010.). Here first we fabricated 
a nanowire / nanoribbon (45 nm 
in width) of topological insulator 
Bi2Te3 from the mechanically 
exfoliated flake. We used FIB for 
milling and platinum deposition 
for making four metal contacts 
as shown in the Fig. 6.11 A&B.

Fig. 6.9 B.  FIB fabricated Tellurium

Fig. 6.9 A.  Tellurium nanowires

Fig. 6.10 B.  FIB fabricated Graphene

Fig. 6.10 A.  Graphene layers

Fig. 6.11 A&B.  FIB fabricated bismuth 
telluride nanoribbon device

contacts are very crucial in the 
creation of high –performance 
transistors. As far FIB made 
contacts are concerned, as 
yet detail measurements of 
contact resistance have not been 
studied. Here we have made 
platinum metal contacts, using 
FIB metal deposition technique, 
on the mechanically exfoliated 
graphene layers (Fig 6.10A). 
Fabrication challenge of this 
project is to localize single layer 
of graphene using FESEM and 
make accurate metal contacts at 
the nanoscale without damaging 
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transport and higher temperature 
attachment.

Accepted Project:

Indo-French Project on “Two 
dimensional electron gas physics 
in oxide heterostructures”

(i)	 From Indian side
	 Principal Investigator: Dr. 

Anjana Dogra, Scientist, 
NPL

SQUID based magnetometer 
(MPMS) facility

A SQUID based magnetometer 
(MPMS) facility has been 
established. It can measure very 
precisely magnetization with an 
accuracy better than 1E-6 emu 
in temperature range 1.8 to 400 
K and magnetic field range 0 to 
7 Tesla. There are other features 
also like precise ac- susceptibility 
(0.01 to 1000 Hz), electrical 

	 Co-Principal Investigator: 
Prof. R. C. Budhani, Director, 
NPL

(ii)	 From French side:
	 Principal Investigator: Prof. 

Jerome Lesueur, LPEM, 
France,

	 Co-Principal Investigator: 
Dr. Nicolas Bergeal, LPEM, 
France
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ifj"d`r vkSj fo'ys"k.kkRed midj.k

inkFkZ] tks vuqla/kku rFkk vuqiz;ksxksa gsrq lHkh vk/kqfud izkS|ksfxfd;ksa ds lajpukRed ?kVd gSa] dM+h 
fofufnZf"V;ksa ds vuq:i gksus pkfg,A inkFkZ dk la?kVu] 'kq)rk lajpuk rFkk fØLVyh; iw.kZrk inkFkZ ds 
xq.kksa dks fu;af=r djus okys cqfu;knh vfHky{k.k gSaaA vfHky{k.ku inkFkZ dh lHkh rhuksa voLFkkvksa vFkkZr 
Bksl voLFkk] nzo voLFkk vkSj xSlh; voLFkk ls lacaf/kr gSA bu dk;ksZa dks djus ds fy, visf{kr fo'ks"kKrk 
vR;f/kd mUur gS rFkk blds fy, vko';d lqfo/kk,a vR;f/kd ifj"d`r gSaA

jk"Vªh; HkkSfrd iz;ksx'kkyk esa fLFkr ifj"d`r vkSj fo'ys"k.kkRed midj.k izHkkx inkFkZ dh vdkfjdh] 
jklk;fud la?kVu] 'kq)rk] lajpuk ¼=qfV;ksa lfgr½] fØLVyh; iw.kZrk ls lacaf/kr vfHky{k.kksa dks Kkr djus 
,oa Bksl i`"Bh; ruq ijrksa rFkk varjki`"Bksa ds v/;;u gsrq mPp dksfV dh lqfo/kkvksa ls ;qDr gSA ;g bl 
iz;ksx'kkyk esa miyC/k djkbZ xbZ ,d eq[; lqfo/kk gSA 

,d mYys[kuh; rF; ;g gS fd bu lqfo/kkvksa ds vuqj{k.k rFkk fodkl ds dk;Z esa tqM+s oSKkfud u dsoy 
laxBu ds vU; izHkkxksa dks ;s vfHky{k.ku lqfo/kk,a miyC/k djk jgs gSa cfYd os mUur {ks=ksa esa vius Lo;a 
ds vuqla/kku dk;ksZa esa Hkh dkQh lfØ;rk ls tqVs gq, gSa ftlds dkj.k ;g izHkkx bl {ks= esa gqbZ uohure 
izxfr;ksa ls voxr cuk jgrk gS rFkk lkFk gh ubZ tkudkfj;ksa ds l`tu esa Hkh viuk egÙoiw.kZ ;ksxnku 
nsrk gSA bl izHkkx esa ,Dl&fdj.k fo'ys"k.k] bysDVªkWu rFkk vk;u lw{en'khZ] bZ ih vkj rFkk vkbZ vkj 
LisDVªefoKku ,oa fo'ys"k.kkRed jlk;u foKku ds {ks= esa dk;Z dj jgs lefiZr lewg 'kkfey gSaA
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Sophisticated and Analytical Instruments 

Materials, the  building blocks of all modern technologies for research as well as for applications have 
to conform to strict specifications. Basic material characteristics which control material properties are 
composition, purity structure and crystallographic perfection. Characterization is concerned with all 
the three phases mainly solid, liquid and gases. The expertise needed to carry out these tasks is very 
advanced and the facilities required are very sophisticated.

The Sophisticated and Analytical Instuments Division at NPL houses high quality facilities for 
characterization of materials for morphology, chemical composition, purity, structure (including defects), 
crystallographic perfection and the study of solid surface thin films and interfaces. This is the central 
facility for the laboratory

It is worth mentioning that scientist involved in the maintenance and development of such facilities are 
not only providing these characterization facilities to other groups of the organization but are very 
actively engaged in their own research programe in advanced areas thus enabling the group to remain 
close to the latest development in the field and to contribute towards  generation of knowledge.

The division comprises of dedicated groups working in the field of  X-Ray Analysis, Electron and Ion 
Microscopy, EPR and IR Spectroscopy and Analytical Chemistry.
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Crystal Growth and 
X-ray Analysis

Growth and Characterization 
of strategic and technologically 
important single crystals and 
thin films/LED structures.

Well-characterized single 
crystals, thin films or thin film 
based nanostructures are the 
building blocks of most of the 
advanced technologies of 
the modern science. Several 
important technologies like 
microelectronics, optoelectronics, 
communication, computers, 
photonics, lasers, information 
science, biosensors, radiation 
detection, nuclear science etc. 
require these well-ordered 
materials. Because of the 
stringent properties of modern 
devices the structure, purity and 
crystalline perfection are to be 
evaluated very accurately. X-ray 
methods have been well proven 
for these studies because of their 
non-destructive and convenient 
nature with good accuracy. The 
result obtained from the X-ray 
method is a statistical average 
of many ensembles as X-ray 
penetrates several microns into 
the specimen. At NPL we have 
established XRF for purity, 
powder XRD for structure 
assessment and for perfection we 
have variety of X-ray techniques 
like high-resolution X-ray 
diffraction (HRXRD), grazing 
incidence X-ray diffraction GI-
XRD, X-ray reflection (XRR) and 
diffuse X-ray scattering (DXS). 

Characterization of single 
crystals by HRXRD includes 
the real knowledge about 
the arrangement of atoms/
molecules/ions including the 
dopants and their effect on the 
perfection, macroscopic defects 
like dislocations, structural grain 
boundaries, microscopic defects 
like point defects and their 
aggregates, crystallographic 
orientation of the surfaces, 
determination of radius of 
curvature of crystallographic 
planes. HRXRD is also very 
useful for characterizing 
epitaxial films to determine 
the film thickness, lattice 
mismatch, composition, depth 
profile, crystalline perfection of 
interfaces/substrates etc. which 
control the device performance 
characteristics like band gap 
energy, quantum effects, 
optical, electrical and electronic 
transportation.

Variety of MOCVD and MBE 
grown GaN based solid state 
light emitting diode structures 
at CEERI Pilani and at NPL have 
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been characterized with required 
theoretical simulations.

The ever-increasing application 
of semiconductor-based 
electronics creates an enormous 
demand for high quality 
semiconducting crystals. Other 
applications like sensors 
and high energy radiation 
detectors demand ferroelectric, 
piezoelectric and oxide single 
crystals. Due to the unlimited 
capacity of data storage, 
processing and communication, 
nonlinear optical (NLO) crystals 
are expected to play a major 
role in photonics. Even in the 
upcoming nanotechnology, 
single crystals act as strong 
and reliable base, e.g. in the 
development of quantum wells 
and quantum dots. In view of 
these important applications, NPL 
is fully engaged in the growth 
of technologically important 
single crystals like Fe and Zn 
doped LiNbO3, BSO, LC-added 
Benzophenone etc by Czochralski 
method and variety of nonlinear 
optical organic and semi-
organic NLO crystals [Cr-doped 
ZTS, LHN, L-alanine doped KDP, 
Mn-doped L-alanine, Glycine 
Phosphite, trans-stilbene, ZnSe 
nanoparticles, etc.] by solution 
growth methods. Doping in NLO 
crystals are specially targeted to 
engineer the desired properties 
for tailor made applications.

In this financial year along with 
collaborators, this group has 
achieved a remarkable and 
record R&D output, which is 

published in 47 SCI journals with 
high impact factors (five papers 
have IF > 3 and average IF~2). 
A few of these well published 
investigations are described 
briefly in the following.

	 Zinc Selenide (ZnSe) 
nanoparticles were 
synthesized by a microwave 
irradiation technique at 2.8 
GHz using 7N purity Zn and 
Se powder in stoichiometric 
ratio as the starting 
materials. The crystallite 
size was calculated using 
Scherer's formula and 
found to be ~ 35 nm. The 
fluorescence study shows 
that the material is highly 
fluorescent. The broad 
emission peak at 401 nm 
(3.1 eV) has been observed 
in the fluorescence spectra 
and this value is highly 
blue shifted towards the 
lower wavelength from the 
bulk value, which shows 
confinement effect.

	 A study of the effect of Cr3+ 
doping in zinc tris(thiourea)
sulfate (ZTS, a well known 
nonlinear optical material) 
single crystals on crystalline 
perfection and optical 
properties was carried 
out. HRXRD analysis 
revealed that chromium 
doping lead to creation 
of vacancies in the single 
crystal that contributed to 
increase in the optical band 
gap. The doped crystals 
exhibited higher linear 

refractive indices than the 
pure crystals. The optical 
dielectric constant (), the 
extinction coefficient (k), the 
average single-oscillator 
energy for electronic 
transitions (Eo) and the 
oscillator strength (Ed) were 
evaluated and significant 
changes were observed in 
these parameters due to the 
Cr3+ doping (J. Appl. Cryst. 
44 (2011)1054-1061, 
IF=3.8).

	 The remarkable 
enhancement of the 
crystalline perfection 
of benzophenone (BP) 
crystals induced by liquid 
crystal (LC) doping has 
been investigated, and 
has in turn led to better 
optical properties. 
HRXRD demonstrates the 
elimination of structural 
defects due the high 
alignment capability of LCs 
which is observed for the 
first time. The LC-doped 
crystal exhibits higher 
optical transparency over 
its entire transparent region. 
The optical polarizing 
behaviour of the doped 
BP crystal is also improved 
(J. Appl. Cryst. (2011). 44, 
839-845, IF=3.8).

	 Benzil single crystals 
have been grown by 
the modified vertical 
Bridgman technique using 
the double wall ampoule 
with nanotranslation for the 
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	 Structural analysis by XRD 
of zinc oxide samples for 
confirmation of crystalline 
phases and estimation of 
crystallite sizes in intrinsic, 
PVP capped, doped and 
composites samples were 
carried out. (J. of Colloid 
and Interface Science, 369, 
40-45, 2012).

	 Quantitative XRF analysis of 
CNTs-Al matrix composites 
was carried out. The weight 
% of carbon (corresponding 
to CNTs) determined by XRF 
was almost equivalent to 
that observed by TGA.

Pure and Zn-doped (1 mol%) 
LiNbO3 single crystals have 
been grown successfully by 
the Czochralski technique with 
desired crystalline perfection. 
The Zn doping in crystals has 
demonstrated an enhancement 
in optical transparency over 
the entire visible and near-
infrared wavelength range and 
optical band gap. The prism 
coupler, refractive indices and 
birefringence measurements 

first time. The crystals were 
characterized by HRXRD, 
FTIR, UV-Vis-NIR, PL studies.  
Studies show that the 
grown benzil crystals cutoff 
wavelength is around 434 
nm. The second harmonic 
conversion efficiency of 
the grown benzil was 
determined. (Cryst. Eng. 
Comm, 13 (2011) 4018; 
IF=4.1).

	 The effect of variety of 
dopants: transition metals 
(Cr, Mn, Co, Ni, Zn, Mg, 
Cd), rare-earth metals (Ce, 
Nd, La), dyes (rhodamine 
B, malachite green, 
fluorescein) and an amino 
acid (l-proline) dopants in 
good quality and optically 
transparent single crystals 
were characterized and 
studied the accommodating 
capabilities of in a typical 
ferroelectric glycine 
phosphite (GPI) crystals 
were studied by HRXRD (J. 
Appl. Cryst. (2011), 44, 
313–318; IF=3.8).

infer that the doped crystal 
is suitable for photorefractive 
applications in the ultraviolet 
wavelength region. The 
evaluated Li concentration 
by Raman and UV, as well as 
birefringence depicts that the 
grown crystals are congruent 
in nature with a slight deviation 
from stoichiometry. (Cryst. Eng. 
Comm, 14 (2012)3297–3305, 
I.F=4.1)

AcSIR

The Division is also actively 
involved in AcSIR. A Course # 
NPL-603 entitled “Materials 
Characterization Techniques” 
for the First Batch of PGRPE on 
Advanced Materials Physics & 
Engineering is successfully taught 
with six practical. The theme of 
the course is “An advanced level 
introduction on characterization 
techniques for the analysis of 
composition, purity and structure 
including defects, surface and 
interface analysis.” The course 
contains twelve X-ray related 
techniques and 12 other 
techniques along with their 
basic theory and analysis of the 
results.

Scientific Support and R&D 
Collaborations: The group is 
actively involved in providing 
scientific support to various 
groups of NPL and various 
outside laboratories through R&D 
collaborations by characterizing 
variety of samples by in-house 
developed multi-crystal X-ray 
diffractometer, Bruker AXS 

 

Fig.7.2: Pure and Zn-doped Lithium niobate single crystals (left) grown by CZ-method along 
with their HRXRD rocking curves.
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D8 Advance Powder X-ray 
Diffractometer and the recently 
established XRF and HRXRD 
cum XRR systems. Samples  
have been characterized for 
purity including phase analysis, 
structure and perfection for 
various projects at NPL including 
the CSIR network projects NWP-
025 and NWP-045 on materials 
development/metrology. No. of 
samples characterized to various 
NPL groups and collaborators: 
(i) by multi-crystal HRXRD: 
~ 160, MRD system ~ 300, 
Powder XRD: ~700, XRF~150 
whose notional cost is around Rs. 
40 lakhs/-.

The major important technical 
achievements are:

1.	 A newly procured Vickers 
Micro- hardness tester has 
been installed successfully to 
characterize single crystals.

Electron & Ion Microscopy

The electron microscopes (HRTEM 
and SEM), Scanning Probe 
Microscopy (SPM) and Time 
of Light Secondary Ion Mass 
Spectrometry (TOF-SIMS) in the 
NPL are available to researchers 
to provide high-resolution images 
and microanalysis. The SEM lab 
has two SEMS, a LEO 440 SEM 
provides imaging with resolution 
of  3.5 nm SCI mode and of 5.5 
nm in BEI mode. EVO MA 10, a 
variable pressure SEM provides 
images with resolution of 3.0 
nm in SEI mode and 5 nm in BSE 
mode. It is equipped with SE, BSD, 
STEM and IR chamberscope.

NPL has a state of art FEG high 
resolution transmission electron 
microscope, FEI-Tecnai F30 G2 
STWIN. It has a point resolution 
of  0.205 nm and line resolution 
of 0.144 nm. The facility also has 
a STEM  and EDAX attachment 
with resolution of 0.17 nm 136 
eV respectively. Besides the 
single tilt and double tilt holder 
there is a special holder for in-situ 
high temperature measurements 
studies from  300 to 1000C. 
Analysis of different types of 
samples in the form of thin films 
and powders prepared by 
various techniques are routinely 
conducted using the microscopes 
for their particles shape, size, 
distribution of particles, phase 
identification. The sample 
preparation laboratory for bulk 
samples has the whole range 
instruments for  cutting, polishing, 
dimpling and Ion milling of 
samples and make them electron 
transparent.

Major areas where the group 
has contributed

1.	 Three Principal Scientists 
were actively involved in 
AcSIR. A Course # NPL-
603 entitled “Materials 
Characterization Techniques” 
for the First Batch of PGRPE 
on Advanced Materials 
Physics & Engineering is 
successfully taught with six 
practicals on advanced 
characterization techniques.

2.	 A US Patent for the removal 
of As and Cr from water-
US 2011/0220577 A1

	 A Process removal of As 
and Cr from contaminated 
water using zinc peroxide 
nanoparticles comprising 
treating the contaminated 
water. At present there 
is no effective medicine 
available which can treat 
disease, caused by arsenic 
and chromium. Hence the 
requirement of As and Cr free 
water is urgently required.

3.	 A process  to coat nano- 
copper on self sintering 
carbon material by 
electroless method and 
development of carbon – 
copper composite there 
from.- Ref No. 011NF2011- 
An Indian patent under 
process

	 Nano particles of size 20-
100 nm of copper were 
coated on coal tar pitch 
based self sintering green 
coke (GC) powder by 
electroless method which 
were after hydrogenation 
moulded and carbonized 
to 800°C to obtained the 
car-copper composites and 
were characterized  for 
physical, mechanical and 
electrical properties

4.	 M o r p h o l o g i c a l 
characterization of 
atmospheric ambient 
particles in the ganges 
(Kanpur): Preparation 
of database for aerosol 
optical/radiative properties 
estimation (in collaboration 
with IIT, Kanpur).
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improve the figure of merit 
ZT of the materials

34 research papers in SCI journals 
have been published and more 
than 2000 samples of NPL R&D 
groups and outside organizations 
have been characterized by SEM, 
EDS, TEM, HRTEM, SPM and SIMS 
techniques.

An amount of Rs. 3.05 lacs 
was realized as test fee from 
industries and other institutes etc,

A detailed microstructural 
features associated with the 
Bi2Te3 thin films deposited at 
300, 373 and 473 K have 
been investigated by using high 
resolution transmission electron 
microscopy (HRTEM) technique.  
TEM micrograph as shown 
in figure 7.3(a) reveals the 
formation of uniform film with 
presence of randomly oriented 
fine crystallites of polyhedral 
shape having particle size 
between 15nm to 36 nm. Selected 
area electron diffraction pattern 
(SAEDP) as shown in the inset of 

5.	 The effect of dust particles 
on the microwave signal 
attenuation is being studied 
by accounting particulate 
morphological (shape and 
size) parameters.  As the 
Indian desert is the source 
of huge amount of mineral 
dust load in the atmosphere, 
samples have been collected 
from Rajasthan from 
various altitude (hills) for 
the first time

6.	 Development of 
bismuth telluride based 
thermoelectric composites 
reinforced with   the 
MWCNT and BNNT to 
improve the figure of 
merit- under thermoelectric 
project of NPL in order 
to use these materials for 
energy conversion at high 
efficiency. Growth and 
characterization of single 
crystals of Bi2Te3, Bi2Se3 
and BiSbTe in collaboration 
with Crystal Growth & X ray 
Analysis group in order to 

the micrograph revealed the 
polycrystalline nature of the 
film. On detailed analysis of the 
diffraction rings indicated the 
formation of single phase Bi2Te3. 
Reflection of weak intensity 
rings in the SAEDP is due to the 
presence of very fine particles. 
High resolution image recorded 
under HRTEM is as shown in 
figure 7.3b which depicts the 
interplaner spacing  of two 
grains as 3.22A and 2.41A 
corresponding to the plane 
(015) and (1010) respectively 
of rhombhohedral structure 
of Bi2Te3 (JCPDS file no 82-
0358). Area marked as A in the 
micrograph reveals the presence 
of moiré fringes which may 
be due to the development of 
stress/strains during the synthesis 
of the thin films and also due to 
the overlap of tiny nanocrystals.

Thin film deposition temperature 
was further raised to 473K in 
order have thermodynamically 
stable phase of the Bi2Te3 
in thin films. Fig. 7.4(a&b) 
represents the TEM and HRTEM 
micrographs of the thin films 
deposited at 473 K.  It is 
revealed from the micrograph 
that grain size has further 
increased with polycrystalline 
nature of the film as depicted in 
the inset of the TEM image. High 
resolution image figure 7.4(b) 
depicts the presence of plane 
(015) and (110) respectively 
of rhombhohedral structure 
of Bi2Te3 (JCPDS file no 82-
0358). All these thin films were Fig.7.3 TEM micrograph and high resolution lattice image of Bi2Te3 thin films deposited at 

300K
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uniform, dense, having network 
of randomly oriented particles. 
Inset in fig 7.4(a) shows the 
corresponding SAEDP of Bi2Te3. 
In generals, it is observed that 
particles size increases with 
increase in the deposition 
temperature.

Scanning Probe Microscope

Scanning Probe Microscope 
(SPM) is one of the fast growing 
techniques for the study of 
surface properties of thin films. It 
is the central facility of NPL and 
is extensively used by different 
R & D Groups of Laboratory for 
the surface characterization in 
the field of Thin Film Technology. 
It includes Atomic Force 
Microscopy (AFM) and Scanning 
Tunnelling Microscopy (STM). 
NPL has Multimode-V (NS-V) 
which has other advanced mode 
techniques i.e. Magnetic Force 
Microscopy (MFM) (used for 
measuring spatial variation of 
magnetic forces over the sample), 
Electric Force Microscopy (EFM) 
(used for measuring electric field 
gradient above the sample) & 

Nanolithography (one of the 
nanoscale technology for the 
fabrication of nanometer scale 
structures and devices).

In 2011-12 total 320 samples 
were studied under SPM to 
see morphological effects like 
particle size, roughness and other 
magnetic & electrical properties 
for variety of materials like 
polymers and their composites, 
biological samples, CNTs, ZnO, 
TiO2 nanoparticles, graphene 
oxide & graphene sheets, 
magnetic material thin films etc. 
Scanner calibration was done 
twice in the above said period.  
Few of the images obtained 
through AFM are shown below:

Time of Flight Secondary Ion 
Mass Spectrometry (Tof-Sims)

Secondary ion mass spectrometry 
(SIMS) is a surface analytical 
technique used to determine the 

Fig.7.4 TEM micrograph and high resolution lattice image of Bi2Te3 thin films deposited at 
473K

 

 

Fig.7.5. AFM image of grapheme sheets 
on Si(100) (Result published in Materials 
Today)

Fig.7.6. Normal Phase and MFM

Fig.7.7. NbN deposited by sputtering with 
average roughness ~2.3 nm

composition of the materials, 
where bombardment of a sample 
surface with a primary ion beam 
followed by mass spectrometry 
of the emitted secondary ions 
constitutes secondary ion mass 
spectrometry (SIMS).

In Time-of-Flight Secondary Ion 
Mass Spectrometry (TOF-SIMS), 
a pulsed beam of primary ions 
focus onto a sample surface 
that produces secondary 
ions in a sputtering process. 
These secondary ions are then 
accelerated into a "flight tube" 
and their mass is determined 
by measuring the exact time at 
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analyzed using TOF-SIMS during 
this reporting year. Some of the 
results are shown below.

Fig. 7.9(a) shows the chemical 
imaging of Gd2CaZnO5:Eu3+, 
where the intensity of Ca is highest 
compared to the other elements. 
From the intensity distribution of  
Eu & Gd, it says both the elements 
are distributed uniformly. The 
homogeneity of these two 
elements is confirmed by colour 
overlay shown in Fig. 7.9(b).

Fig. 10 shows the depth profile 
of N–DLC  film deposited on a 
Si substrate. The intensity of C, 

which they reach the detector 
(i.e. time-of-flight). Lighter mass 
reach the detector faster than 
the heavier one. The next pulse 
of primary ions cannot start until 
the secondary ions of the first 
pulse have cleared the analyzer. 
Otherwise the slower heavy ions 
of the first pulse are overtaken 
by the faster light ions of the 
second pulse. The TOF–SIMS 
available in NPL is shown in 
the above figure 7.8. The three 
modes of operation available 
are, Surface spectroscopy, 
Chemical imaging and Depth 
profiling. The visualization of 
3D sample structures is possible 
by combining spectral, imaging 
and depth information. The 
composition, shape and position 
of features and defects can be 
visualized.  Varieties of samples 
(Si and Organic solar cells, 
DLC, Oxide heterostructures, 
LEDs, Nanophosphors etc.) from 
various groups of NPL were 

H and N varies with depth and 
decreases at the interface where 
the intensity of Si goes up and 
moves constantly throughout the 
substrate

Infrared and Raman 
Spectroscopy

Study of crystallographic 
structural transformations and 
the determination of lattice 
parameters in  Si and Ge using IR 
reflectance measurements have 
been  carried out. IR methods 
are generally employed for the 
determinations of various types 
of vibrations between atoms 
(group frequencies) and lattice 
vibrations of the molecule based 
on symmetry or point groups. 
However, for the first time, IR 
reflectance techniques have  
been used to study 
crystallographic structural 
transformations and for the 
determination of lattice 
parameters in Si and Ge. IR studies 
have also provided information’s 
regarding the mass of crystal 
lattice (mass of atoms in space 
or Bravais lattice) and number 
of unit cells which are generally 
not provided by prevalent X-ray 
diffraction methods; developed 
by Laue and Braggs a century 

Fig. 7.8  TOF–SIMS at NPL

 
Fig. 7.9(a). Chemical imaging of Gd2CaZnO5:Eu3+

 

Fig. 7.9(b). Colour overlay of Eu & Gd

 

Fig. 7.10. Depth profile of N–DLC/S
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ago. Also, lattice masses of Si 
and Ge crystals (determined 
from IR studies) are proportional 
to masses of their respective 
unit cells (obtained from X-ray 
studies) and   IR d spacing at 
near normal incidence (10°). 
Reviewer of the International 
SCI speclialized top journal of 
area “Acta Crystallographica 
A” has agreed with the key 
result and has commented 
“This paper alludes to 
some possibly interesting 
approaches to the study of 
structural transformations and 
the determination of lattice 
parameters in Si and Ge using 
IR reflectance measurements. 
The paper been completely 
rewritten incorporating all 
the reviewer’s comments and 
suggessions and is ready for the 
resubmission shortly.

Infrared, Raman and XRD 
diffraction studies on nano 
crystalline silicon have revealed 
that there is complete agreement 
between results Infrared and 
Raman studies. This has shown that 
size of nano crystal play an very 
important role in deterniming the 

crystalline and amorphous states. 
The smaller crystals has crystalline 
state whereas larger crystals 
has amorphous state. IR angular 
results of specular reflectance 
and regular transmission have 
shown astonishing results having 
complete agreement between 
reported X-Ray diffraction. This 
work is available in souvinor of 
below mentioned international 
SCI conference

Epr Spectroscopy

R & D Activities

In recent years, ferrofluids 
have emerged as an active 
area of research due to their 
enhanced thermal, rheological 
and magnetic properties over 
the base fluids. These fluids 
move as whole in the direction 
of applied magnetic field and 
offer an excellent property for 
sensor & actuators, Thus making 
them very attractive in variety 
of applications like sensors, 
biomedical, energy and magnetic 
data storage, etc. During this 
period, we have prepared 
magnetic nanoparticles of 
Fe3O4, CoFe2O4, Gd3+ doped 

NixZn1-xFe2O4 and investigated 
their physical properties like 
structural, morphological, 
rheological and magnetic  by 
XRD, FTIR, SEM, HRTEM, AFM, 
VSM, Magnetorheometer  and 
EPR spectroscopic techniques. 
These investigations have helped 
us in developing stable and 
suitable ferrofluid for device 
based applications. Some of the 
results of our investigations are 
as follows:

Induced size effects of Gd3+ 
ions doping on structural and 
magnetic properties of Ni-Zn 
Ferrite nanoparticles

Gd3+ ions substituted 
Ni0.5Zn0.5GdxFe2-xO4 (where x = 
0.1, 0.2, 0.3) ferrite nanoparticles 
in the size range from 15 to 25 
nm were prepared by chemical 
method. The effect of Gd3+ ions 
in spinel structure in correlation 
to structural and magnetic 
properties has been studied in 
detail using XRD, HRTEM and 
EPR techniques. A detailed high 
resolution transmission electron 
microscopy experiments were 
performed to reveal the nano – 
scaled features of Gd3+ doped 
Ni – Zn ferrite system in real 
and reciprocal space. It was 
noted that the addition of Gd3+ 
(0.1, 0.2 and 0.3 wt.%) leads to 
increase in the size of the Ni – 
Zn ferrite nanoparticles. These 
nanoparticles are random in 
shape with normally facetted 
morphology with sharp edges 
and vertices (Fig. (a), (b) & (c)). 
The average size of the particles 
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Fig. 7.11 (a) IR Specular Reflectance of one surface polished Si verses angle of incidence, 
Ə°at various wavenumber (cm-1). (b) Angular FT-IR reflection spectra of Nano crystalline Si 
film on glass.
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was noted about 15, 21 and 25 
nm for Ni0.5Zn0.5Gd0.1Fe1.9O4, 
N i 0 . 5 Z n 0 . 5 G d 0 . 2 F e 1 . 8 O 4 
and Ni0.5Zn0.5Gd0.3Fe1.7O4 
respectively (Fig. 7.12).

EPR spectra confirm the 
ferromagnetic behaviour of 
these nanoparticles due to 
higher order of dipolar-dipolar 
interaction. On increasing Gd3+ 
ions concentrations in sample  
the narrowing of signal is 
observed that explains the 
increase in super exchange 
interaction i.e. movement of 
electron among Gd3+-O-Fe3+ 
in the core group and the spin 
biasing in the glass layer. 
The decrease in g value and 
increase in relaxation time 
is correlated with increase in 
particle size as the Gd3+ ions 
concentration increases in Ni-Zn 
ferrite nanoparticles.

	 (a)	 (b)	 (c)	 (d)
Fig. 7.12  HRTEM images of nanoparticles: (a) Ni0.5Zn0.5Gd0.1Fe1.9O4 (b) Ni0.5Zn0.5Gd0.2Fe1.8O4  (c) Ni0.5Zn0.5GdxFe2-xO4 (where x = 0.1, 0.2, 
0.3) and (d) corresponding size distribution curve for nanoparticles.
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	 (a)	 (b)
Fig. 7.13.  EPR spectra (a) Gd3+: Ni0.5Zn0.5GdxFe2-xO4 (where x = 0.1, 0.2, 0.3) ferrite   
nanoparticles and (b) Ni0.5Zn0.5Gd0.1Fe1.9O4 annealed at different temperatures.

	 (a)	 (b)
Fig. 7.14 Variation of linewidth with (a) Gd3+ conc. And (b) at different annealing 
temperatures
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Major Facilities Established

1.	 Electron Nuclear Double 
Resonance Spectrometer 
(ENDOR) accessory to 
the existing X- band EPR 
spectrometer

ENDOR Specifications:

	 •	 Frequency range: 1 to 
100 MHz

	 •	 Frequency modulation 
with amplitude upto 1 
MHz

	 •	 RF Amplifier: 1-100 

MHz, 100 W
	 •	 RF Attenuator: 60 dB 

maxium. Attenuation, 
1 dB step

	 •	 X-band EPR/ENDOR 
resonator

	 •	 ENDOR software 

package
	 •	 Operating mode: FM 

ENDOR
2.	 R h e o - m i c r o s c o p y 

attachment to the existing 
Magneto-rheometer

EPR Spectrometer with ENDOR

	 Rheo-optics	 Rheo-microscope	 Microscope
Make: Anton Paar, Model H-PTD200/GL

ENDOR Resonator

Specifications of Rheo-
microscope attachment for 
existing Mangeto-rheometer

	 •	 Light microscopy simul
taneous to rheological 
measurements

	 •	 Universal temperature 
control for optical 
systems based on 
Peltier- (-20 to 
200°C) 

	 •	 Modular open design 

of microscope with 
standard optical 
components

	 •	 CCD Camera, 
microscope lens and 
light source are 
exchangeable

	 •	 Lens magnification: 
50x

	 •	 Measuring systems 
made of glass to avoid 
reflection

	 •	 Microscope can also 
be used as stand-
alone system

Image recording and display
	 •	 Rheometer software 

controls both rheometer 
and CCD camera

	 •	 Automated image/
video recording during 
measurement

	 •	 Direct assignment of 
images and videos to 
rheological data
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R&D work in the feed of aerosol 
metrology, second national 
communication (NATCOM-SNC): 
Greenhouse gases emission 
factor development & inventory 
in waste sector and provides 
QA/QC support to all national 
teams for various sectors. 

Proficiency testing (PT) schemes 
for iron ore/ coal with NML 
Jamshedpur and pesticide 
solutions with IITR Lucknow were 
carried out for Indian testing 
labs. MiC activities international 
peer were successfully done for 
the CMCs of elemental solutions. 
CRMs and primary ozone 
calibration facility for ambient 
ozone UV-absorption based 
measurement systems. These 
services are now open to users. 
Key R&D activities are;

1.	 CRM preparation of 
elemental solutions

Five new elemental aqueous 
certified reference materials i.e. 
Bharatiya Nirdeshak Dravyas 
(BNDs/ or CRMs) namely Pb (50 

Analytical Chemistry

The mandate/mission

Analytical Chemistry group 
focuses on the Metrology in 
Chemistry (MiC) and Certified 
Reference Materials (CRM) 
activities for SI ‘mole’, to help 
provide traceability at apex level 
in country, through a nationwide 
network of MiC partners, under 
CSIR network project ‘Advances 
in Metrology’. It involves building 
capacity & quality system and 
participation in CCQM & APMP 
international key-comparisons 
and help establish international 
collaborations in MiC with PTB 
Germany. Its mission is helping 
showcase CSIR-NPL & partners 
chemical metrology services in 
equivalence with international 
NMIs; interaction and close 
cooperation with national (BIS, 
NABL, QCI, CPCB, IMD, ICAR, 
MoEF, ISRO-GBP and Universities) 
& international (BIPM-CCQM-
APMP, CITAC, ISO, PTB/BAM 
Germany, NIST USA etc) 
stakeholders for dissemination 
of SI traceability, quality data 
and spreading MiC awareness/ 
education. The group has been 
working for chemical analysis 
need for challenges in NPL & 
in MiC & CRM activities with its 
tremendous scope, the activity is 
touching all aspects of life like 
environment, drinking water, food 
security, health, energy, trade, 
societal sectors and international 
trade.

Besides metrology the group has 

mg/kg and 100 mg/kg), Cr (110 
mg/kg), Ca (100 mg/kg) and 
SO4 (50 mg/kg) were prepared 
and certified according to quality 
management system based on 
ISO/IEC-17025 and Guide 
34/35. Certified values are 
assigned by gravimetric primary 
method (traceable to SI through 
CSIR-NPLI mass).

2.	 Quality System and 
International Peer-review 
on CRM activity

Quality management system 
(ISO/IEC-17025) in aqueous 
elemental solution analytical 
capability after their preparation 
(as per ISO Guide 34/35) 
under inorganic analysis CRM 
activity has been implemented. 
An international peer-review 
on elemental aqueous solution 
(CRM) preparation activity was 
successfully completed for 13 
No. CMCs (Table-7.1) during 
February 21-23, 2012 by the 
technical expert from BAM 
Germany.

Table 7.1: Brief information about elemental aqueous CRMs

BND ID Matrix Analyte/
elements

Certified value
(in mg/kg)

B N D 
20.100.01

Mono-elemental 
aqueous solution

Ca 100

BND 401.04 Mono-elemental 
aqueous solution

Cr 0.83

BND 405.01 Mono-elemental 
aqueous solution

Cr 4.80

B N D 
24.110.01

Mono-elemental 
aqueous solution

Cr 109.60
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3.	 Participation in 
International Inter-
comparison studies

(i)	 Participation in inorganic 
and gas analysis areas for 

three international inter-
comparison studies was 
done (Table-7.2) i.e. for Fe, 
Cd, Zn, and As elementals 
in herb/ seafood and for 
CO2 in nitrogen.

(ii)	 Participation in aerosol 
or nanoparticles size 
measurements international 
inter comparison 
participation was done 
under VAMAS project (TWA 
34: Project 3 "techniques 
for characterizing the 
morphology of airborne 
nanoparticles") using the 
SMPS system, and following 
the protocol as shown in 
Figure 7.15. Measurements 
of particle size in the 
supplied suspension 
(PSL 80nm) were to be 
78.02±2.80 nm (at k = 
2). A typical AIM software 
data view from these SMPS 
measurements (n = 10) is 
shown in Figure 7.16.

Table 7.2: International inter-comparison participation by NPLI

Inter-
comparison

Matrix Analyte/
component

Technique 
used

APMP.QM-P18 Herb Cd and Zn F-AAS

APMP.QM-S5 Seafood (shrimp)
As,
Fe, Zn
Cd,

GF-AAS
F-AAs
ICP-HRMS

EURAMET-1166 Nitrogen CO2

G C - F I D / 
Gravimetric

BND 2401.01 Multi-elemental 
aqueous solution

Fe, Cu, Zn 0.81,  0.89, 
0.83

BND 2301.01 Multi-elemental 
aqueous solution

Pb, Cd, 
Ni

0.89, 0.91, 
0.81

BND 2305.01 Multi-elemental 
aqueous solution

Pb, Cd, 
Ni

4.88, 4.78, 
4.82

BND 82.50.01 Mono-elemental 
aqueous solution

Pb 49.98

B N D 
82.100.01

Mono-elemental 
aqueous solution

Pb 102.8

BND 2101.01 Mono-elemental 
aqueous solution

K 0.84

BND 2105.01 Mono-elemental 
aqueous solution

K 4.67

BND 501.01 Mono-elemental 
aqueous solution

Ag 0.82

BND 505.01 Mono-elemental 
aqueous solution

Ag 4.8

 

 

Fig. 7.15. Setup for SMPS analysis

Fig. 7.16 A view of size distribution 
measurement of PSL 80 nm sample using 
SMPS

Major facilities established 
during the year 2011-12

(i)	 GC-PDHID System

The Gas Chromatograph (GC) 
with Pulsed Discharge Helium 
Ionization Detector (PDHID) is 
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under the PTB-NPL MiC technical 
cooperation during 22-30 March 
2012. The system is being used 
for the evacuation and blending/ 
preparation of gas standard 
mixtures. This evacuation system 
can be attached to maximum 4 
No. of gas cylinders.

(iii)	 Scanning Mobility Particle 
Sizer (SMPS)

SMPS is a combination of 
Differential Mobility Analyzer 
(DMA) and condensation 
particle counter (CPC). In this 
system (Fig. 7.19), the DMA 
segregates particles depending 
on their electrical mobility 
followed by the particle number 

a non-destructive and highly 
sensitive gas analyzer system. Its 
response to organic compounds 
is linear over five orders of 
magnitude with minimum 
detectable levels (MDLs) in the low 
picogram (pg) range. Response 
to fixed gases is with MDLs in the 
low parts per billion (ppb) ranges. 
It is being used for gas impurity 
analysis of the constituent gases 
for gas metrology activity.

(ii)	 Cylinder Evacuation 
System

Vacuum system for pressure 
vessel evacuation has been 
procured from PTB Germany,    

concentration measured by CPC 
based on the scattering of light. 
The particle size range and 
number concentration, which 
can be determined is 10-800 
nm and 4x105 particle/cm3 
respectively.

Highlights of R&D on Aerosol 
research

Tracing of aerosol sources is an 
important task helpful for making 
control strategy, and for climate 
change study. Open waste 
burning has been believed to be 
a considerable source of aerosols 
in several mega cities in India 
and China. To better understand 
this source contribution in New 

Fig. 7.17 GC-PDHID system for trace gas 
analysis

Fig. 7.18. Vacuum system for pressure 
vessel evacuation

Fig. 7.19 Scanning mobility particle sizer (SMPS) setup

DMA

	 CPC

Fig. 7.20 Metal concentration in a typical waste-buring aerosol sample filter
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Delhi aerosols, samplings were 
conducted at landfill site of 
Okhla and in its proximity 
(within 1 km). Aerosol filter 
samples were acid digested 
and analyzed using inductively 
coupled plasma – high resolution 
mass spectrometry (ICP-HRMS) 
for trace metal signatures in 
particles. The metals, e.g, Sn, Sb 
and As those are found almost 
negligible in remote aerosols, 
are maximized in these garbage 
burning aerosols (Fig. 7.20). 
Preliminary studies of isotopic 
ratios of these metals suggested 
that these metals, especially Sn 
can be used as marker for tracing 

the open waste burning sources 
of aerosols in New Delhi.

Formation of secondary aerosols 
particles and their subsequent 
growth in atmosphere is largely 
due to gas-to-particle conversion. 
Understanding of effects of 
secondary aerosols on climate 
and health are more complex as 
their distribution and fraction in 
aerosol mass are highly uncertain. 
Measurement of frequency of 
these nucleation events can help 
to better constrain the secondary 
aerosols distribution, and hence 
aerosol effects. Scanning mobility 
particle sizer (SMPS) has been 
used to observe such nucleation 

and growth events in winter-
2011. One of the results is shown 
in Figure 7.21 in the form of a 
plot between size (mode peak 
diameter of the size distribution) 
versus time on 4th November 
2011, from 10:38h to 15:02h. 
Study suggests that polluted air 
of the mega city like New Delhi is 
much susceptible for such events 
where major sources of aerosols 
reported are vehicular emission 
and biofuel - biomass burnings. 
Long-term measurements of 
aerosol distribution and trace 
gases would further help to 
better model the distribution of 
secondary aerosols.

� 
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Fig. 7.21 Particle nucleation and subsequent growth observed in New Delhi using SMPS
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Sh T Raghavendra
Sh V D Arora
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Mrs Anita Sharma

Industrial Liaison Group
Dr (Ms) Jyoti Lata Pandey

Human Resource Development 
Group
Dr Rajeev Chopra

International Science and 
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Sh S K Sharma
Dr V K Gumber
Sh Ashwani Kumar Suri
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Sh N K  Wadhwa
Sh Abhishek Sharma
Sh Jagdish Prasad
Sh Rajpal Zamaji Walke
Ms Neetu Chandra
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Dr R K  Kotnala
Sh Ravi Khanna
Sh P Srinivasan
Sh Jai Pal Singh
Sh Amar Singh

Computation & Network Facility 
Dr Ravi Mehrotra
Mr Ashish Ranjan
Ms Deepti Chaddha
Mr Nitin Sharma
Ms Anjali Sharma
Mr Trilok Bhardwaj
Mr Kanwaljit Singh
Mr Vijay Sharma

Quality Management System
Dr Rakesh Kumar Garg

Planning, Monitoring and 
Evaluation Group (PME)

Contract R & D Projects, as 
Sponsored, Collaborative 
and Grant-in-Aid Projects are 
undertaken by the Laboratory 
with funding from External 
Agencies. Before submission 
of the project proposals to 
the outside agencies they are 
evaluated by the Group based 
on various criteria and conditions. 
Monitoring and developing of 
complete database for report 
generation on projects are done 
and project files are created 
and maintained. Similarly Major 
Laboratory Projects and other 
In-house Projects funded by CSIR 
& NPL, undertaken in NPL, are 
also monitored. Fund allocation 
and processing of indents is an 
important activity undertaken 
by this group. The report on 
completed projects and refund 
of unspent balance to the funding 
agencies at the end of project 
are made by the group.

PME prepares Annual Plan and 
Five Year Plan for NPL. It organizes 
Research Council meetings and 
coordinates the Management 
Council meetings, organized 
by administration. Time to time 
PME disseminates information on 
projects, performance reports 
and ECF reports to CSIR. PME 
is also involved in monitoring 
of Networking Projects. PME 
developed manpower data and 
maintains staff positions and 
disseminates the information to 

various authorities. The group 
also maintains and regulates the 
appointments of project staff 
under various externally funded 
projects.

PME has the additional 
responsibility of getting feedback 
on degree of customer satisfaction 
in a prescribed format from 
funding agencies who are funding 
the different contract research 
projects in NPL. The process is 
done at the end of each project. 
This function has been initiated 
by CSIR under the supervision of 
Customer Satisfaction Evaluation 
Unit (CSEU) at CSIR Headquarter, 
Rafi Marg, New Delhi – 110 001. 
The feed-back received from 
the funding agencies are sent to 
CSEU, CSIR. 

PME prepares many types of 
reports on Manpower in different 
formats as required from time-
to-time and also does different 
type of Analysis for manpower 
planning of the laboratory.

Publication of Annual Report 
is another important activity 
of PME. On receiving inputs 
from various Divisions & other 
concerned groups, Text and 
Apendices of Annual Report 
are compiled, corrected and 
published in the form of Annual 
Report each year.

Industrial Liaison Group 
(ILG)

The Industrial Liaison Group 
(ILG) is responsible for the 
commercialization of research 
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and knowledge developed by 
the NPL scientists and researchers. 
Our focus is to foster and develop 
collaborative work environments 
between researchers, industry 
partners and funding agencies. 
We want to ensure that the 
relationships created through 
the commercialization of a 
technology continue to add 
value for all partners; leading to 
ongoing research projects for the 
inventor and the industry partner 
and to the commercialization of 
complementary technologies.

In addition, this group also 
undertakes consultancy, technical 
services and dissemination of 
science and knowledge base. 
This group is responsible for all 
matters connected with business 
development. It also helps in 
organizing “Technology” Day and 
“World Metrology Day” function 
where all licensees are invited 
to interact and deliberate with 
concerned PI of the technology. 
It also helps in organizing “Open 
Day” function, wherein few 
thousand school and college 
students with their teachers are 
invited to see the various scientific 
and technical activities at NPL. 
This group further carries out the 
dissemination of science through 
publication in CSIR news and 
in CSIR annual report, business 
and industrial magazines and 
their websites and through 
advertisements in news papers, 
conferences, symposiums, various 
other events and their souvenirs 
and also through participation 

in exhibitions. Processing of 
applications for the awards 
pertaining to technology or 
consultancy services is rendered. 
This group also undertakes 
distribution of royalty, premia 
and intellectual fee pertaining 
to consultancy, technical services 
and technology know transferred. 
It further updates industries, 
licensees and scientists for any 
CSIR/DST entrepreneurship/
funding schemes for applying 
for awards/projects. It updates 
scientists about scientific and 
technical exhibition, events. 
It acts as bridge in resolving 
scientific and technical issues 
raised by industries/clients for 
providing them solution through 
technical and consultancy 
services. This group also takes 
care in the management of S 
& T outputs with other funding 
agencies viz. DST, CSIR, NRDC, 
AIMA, CDC, FICCI, etc. This 
group interacts with FICCI and 
loads technology inventions at 
their website for wider exposure, 
collaborative work, market 
search and entrepreneurship 
demand. During the year, the 
ECG-PC based plug-in device 
received best technology award 
among technologies screened 
by CSIR.  The USB based PC 
plugin ECG monitoring device 
which provides high quality 
ECG records is extremely cost 
effective.  The group disseminated 
Knowledegebase / Technology 
during India-Africa Exhibition 
held in Vigyan Bhawan Taj Palace 
and at 99th Indian Science held 

during January 3 -7 2012  at 
Bhubaneswar.It Extended support 
to M/s Imax Media Pvt Ltd, 
New Delhi and Vigyan Prasar, 
who made documentary film on 
footage of Dr. K S Krishnan. This 
film was well appreciated by 
jury.

This group has initiated its efforts 
in setting-up an Incubation Center 
and possible knowledge alliance 
with Sensor Technology Pvt. 
Ltd., Moser Baer Photovoltaic 
Limited,  Prabhatam Radisafe 
Limited, New Delhi, Reinste Nano 
Ventures Pvt. Ltd, Noida, Jyoti 
Cero Composite, Jamshedpur, 
ONGC energy center, Dehradun, 
GTC Technologies, Houston USA 
in the area of carbon composite, 
energy, sensor electronics, solar 
energy biological instrumentation 
water purification, EMI shielding, 
radiation safety etc. A certificate 
for setting-up of NPL Technology 
Innovation Center (NTIC) under 
Sec-25 company act will be 
issued during early 2012-13 
as informed by registrar of 
Companies during 2011-12.

Human Resource 
Development Group 
(HRDG)

The Human Resource Development 
(HRD) Group of NPL is a constituent 
group of SASD 8 and represents 
a central group of the laboratory 
providing a wide range of HRD 
services. It undertakes several 
activities in various areas of core 
competence of the lab and also 
related to the research scholars. 
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is also the job of this group.  
International collaborative 
projects, bilateral exchange 
programme and MoU are also 
handled by this group.

Knowledge Resource 
Centre (KRC)

NPL Knowledge Resource Center 
(KRC) has been providing library 
and information support to 
scientists for R & D pursuits.

Over the years, it has developed 
a rich collection of scholarly 
books and journals for the 
purpose, especially in the field of 
physics and related sciences.

During the current year, KRC 
subscribed to 93 scholarly 
journals (72 foreign journals and 
21 Indian journals) and added 
561 books, out of which 286 were 
S&T books, 275 were Hindi books. 
KRC serves the NPL community 
with services like Reprographic 
service, Electronic Document 
Delivery service, Inter Library 
Loan service, Reference service, 
Literature Search service etc.

NPL-KRC offers online access to 
more than 6000+ full text journals 
under the e-consortium project of 
NKRC (CSIR+DST). The project 
facilitates access to electronic 
content from various publishers 
such as Elsevier, Springer, AIP 
(American Institute of Physics), 
APS (American Physical Society), 
AGU (American Geophysical 
Union), Wiley - Blackwell, 
Oxford University Press, Royal 
Society of Chemistry, American 

The group is involved in various 
activities, such as, Organisation of 
Industrial Training in Metrology/
Standards, Placement and 
support to Research Scholars, 
Training for M.Tech./MCA/M.Sc. 
students from all over the country, 
Institutional Visits, Deputation of 
NPL staff members to attend 
conferences, etc. The basic object 
behind these activities is to make 
the Human Resource better 
informed, knowledgeable and 
highly skilled & trained so that it 
can prove to be more competitive, 
productive and useful to the 
society and the country.

International Science 
and Technology Affairs 
Group (ISTAG)

International Scientific 
Collaborations is rising to enhance 
the quality of research. ISTAG 
group facilitates the visits of 
scientific and technical personal 
of the laboratory. It advises 
the scientists to participate 
in International Conferences, 
seminars and summer schools. 
It helps the scientists to get 
prestigious international 
fellowships. This group also 
advises the scientists to avail 
bilateral exchange programme. It 
also organizes the visit of foreign 
delegations at NPL. International 
experts are invited to give talks 
and lectures at NPL. The scientific 
staff is motivated to avail 
sabbatical leave/study leave. 
Arranging training programmes 
for international candidates 

Chemical Society etc as well as 
the archives of few publishers on 
concession rates. 

KRC is also providing access 
to intranet edition of Indian 
Standards.

The shift in technology achieved 
with the installation of improved 
routers helped in attracting the R 
& D personnel in large number 
to make use of NPL-KRC and 
leads to optimize the use of the 
subscribed/ entitled e-resource 
as well as internet resources. 

On continuous basis, KRC 
maintains its site on the NPL 
intranet to provide latest 
information on its activities such as 
additions to its collection, current 
subscribed journals, new journals 
received during the week, links 
to electronic libraries, publishing 
houses, and papers published by 
NPL researchers. 

NPL-KRC also maintains NPL 
website (http://www.nplindia.
org) on Internet to inform others 
about the activities of NPL such 
as its role towards the society, 
thrust area of research, facilities, 
services and achievements.

Further, to improve the quality, 
speed and effectiveness of 
services, KRC has completed the 
second phase of the automation 
task i.e. retro-conversion of 
books. With this, end users of 
KRC would avail the value added 
services associated with the NPL-
KRC Information System (NKIS).

In the direction of providing 
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free worldwide access to the 
intellectual outputs of NPL in form 
of journals articles, research 
papers, conference papers, 
technical reports, preprints, and 
other scholarly communication 
and also to support the concept 
of open access initiative, NPL-KRC 
has established its Institutional 
Repository (IR@NPL) http://npl.
csircentral.net/

NPL-KRC has moved its steps 
towards digitization in order to 
preserve the valuable information 
available in the print format. For 
the same MoU between NPL and 
Indian Institute of Information 
Technology (IIIT) Allahabad has 
been signed as a formality to 
enter into a UDL (Universal Digital 
Library) Project, a strictly non-
commercial project, funded by 
Ministry of Communication and 
Information Technology, Govt. of 
India, New Delhi. Till date, more 
than two lakhs pages have been 
digitized under this project.

Central Workshop & 
Glass Technology Unit

Central Workshop has successfully 
completed 863 jobs related to R 
& D and maintenance work costing 
approximately  Rs. 1.9819 crore 
(Rs. One crore ninety eight lac 
nineteen thousands)  only. The 
jobs included designing , drawing,  
fabrication and development  of 
various components required by  
the several scientists for their 
activities. Most of them are highly 
sophisticated components related 
to various R & D works.

In the Glass Technology Unit, we 
completed 120 jobs of different 
sections in N.P.L. It included the 
sealing of quartz ampoules, 
making of reactors B-45, Bubbler 
B24, distillation plant, condenser, 
covering of filaments in quartz 
tubes and electro chemical cells.

Due to good preventive 
maintenance, most of the machines 
in work shop are in good working 
condition.

Computation & Network 
Facility (CNF)

IT Infrastructure

The CNF strives to continuously 
upgrade the IT infrastructure 
at NPL, to keep up with ever 
increasing demand for IT 
facilities, and at the same time 
ensure reliable and secure 
operations. The NPL Data Centre 
houses various servers and 
security devices with redundant 
internet connectivity which are 
continuously monitored and 
dynamically reconfigured for 
maintaining efficient and secure 
services. Currently, the servers 
performing cirtical operations 
include Mail, Web, DHCP, DNS, 
Intranet, Anti-virus, Computation, 
Database, and Backup. The 
security devices include  antivirus 
solutions and a Unified Threat 
Management system(UTM) 
consisting of a multi-level firewall 
and anti-spam solutions.	

A Gigabit fiber optics based 
backbone now connects all 
buildings on campus providing 

LAN connectivity to approximately 
a thousand computers. A new 
leased line connectivity with NKN 
(National Knowledge Network) 
has been established raising the 
internet bandwidth from 12Mbps 
to 1Gbps. Apart from this, CNF 
continues to provide IT hardware 
and software support to end-
users.

A 128-core computational 
cluster has been established, 
which provides high performance 
computing facility to NPL research 
community. An enterprise level 
hardware facility like Storage 
Area Network (SAN) is being 
setup.

Inhouse Software Development 

The CNF has been developing 
automated processes using open 
source technologies to create 
conducive and transparent 
environment for day to day 
tasks for both researchers and 
administration. 

A web based Instrument 
Booking System (e-IBS) has 
been developed and deployed 
to efficiently manage various 
sophisticated and analytical 
instruments at NPL. The features 
include calendar availability 
and online reservation of the 
instruments, automatic email 
notifications and management 
of instruments. Access to various 
functionalities of the system is as 
according to defined roles.

A web based application 
system for Gp (IV) recruitment, 
developed earlier has been 
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Quality Management 
System

•	 To establish the international 
acceptability of the 
calibration & measurement 
capabilities of NPL 
worldwide;

•	 To give users reliable 
quantitative information 
on the comparability 
of national metrology 
services;

•	 To provide the technical 
basis for wider agreements 
negotiated for international 
trade, commerce and 
regulatory affairs.

This group maintains Quality 
System in NPL, based on the 
international standard IS/ISO/
IEC 17025:2005, in the area of 
Test and Calibration. All the test/
calibration areas of NPLI are 
periodically audited to confirm 
the continued compliance to the 
international standard.

Due to reorganization of 
different Groups of NPL, the 
Quality Manual was revised last 
year. Accordingly, the different 
activities were guided to revise 
their document manuals.

The QMS group coordinated the 
Peer reviews of four activities 

enhanced to include automatic 
generation of synopsis sheet 
for screening of candidates, to 
speed up the recruitment cycle.

Currently, the process for 
deputation of NPL staff members 
to attend conferences/similar 
events is being automated.

Automation of Library processes 
has been completed. This facility 
is now online for the end-users.

R&D activities:

Under the DST sponsored project 
entitled “Innovative Product 
Development Centre”, the Linux 
based software for operating 
the compact, low cost, PC-plugin 
12-lead ECG device has been 
ported to the Windows platform. 
The Windows based software 
has enhanced features and has 
been packaged in the form of a 
product.

An ultra low cost brain oximeter, 
which measures the oxygen 
content of the blood flowing 
in the brain non-invasively has 
been developed and successfully 
tested in the laboratory.

namely, Acoustic, Vibration & 
Ultrasonics, Ozone standards, 
Magnetic Standards and 
Inorganic solutions under Chemical 
Metrology. Out of these, three 
peer reviews was done for first 
time. This group helped all these 
activities to implement the quality 
system and for preparation of 
the peer review.

A delegation from NPL 
participated in APMP General 
Assembly and related meetings 
held in Japan. Laboratory 
Report of NPL was prepared 
and submitted to APMP in its 
General Body meeting. The QMS 
annual report was also submitted 
in APMP QS TC meeting.

A special training course on 
“Quality Management System – 
Laboratory Management, Need 
for Calibration / Accreditation 
as per IS/ISO/IEC-17025” was 
conducted during January 30 
– February 01, 2012 for the 
staff of Department of Legal 
Metrology. About 30 participants 
from different states attended 
the course.

Team Members:

Dr. R. K. Garg, Quality Manager

Mr. A. K. Saxena, Dy. Quality 
Manager

� 
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^lkSj ÅtkZ vuqiz;ksxkas ds fy, 
inkFkksZa vkSj lk/kukas eas orZeku 
izxfr* ij jk"Vªh; laxks"Bh & 
2011

iqjkru dky ls gh ekuo lkSj ÅtkZ 
dk fofo/k izdkj ls mi;ksx djrk vk 
jgk gSA vuUr dky ls lw;Z ekuo] 
i`Foh ,oa czãk.M ds fy, vuojr 
ÅtkZ dk lzksr jgk gSA gekjh Hkkjr 
Hkwfe ij izfro"kZ 250&300 fnu 4-7 
kWh/m2 lkSj fofdj.k izkIr gksrk gSA 
ladh. kZ gksrs thok'e (fossil) b±/ ku 
vkSj mlls tfur iznw"k.k ds dkj.k 
fo'o dk oSKkfud leqnk; lkSj ÅtkZ 
ds leqfpr mi;ksx gsrq iz;kljr gSA 
jk"Vªh; HkkSfrd iz;ksx'kkyk ds oSKkfud 
lkSj ÅtkZ ds vFkkg izHkko ls voxr 
jgs gSa vkSj foxr 30 o"kks± ls Hkh vf/kd 
le; ls lkSj ÅtkZ ds fofHkUu izdkj 
ls mi;ksx gsrq 'kks/k dk;Z dj jgs 
gSaA bl {ks= eas fØLVyh; flfydu] 
vfØLVyh; ruqijr flfydu] 
dSMfe;e VsY;qjkbM lYQkbM lkSj 
lSy] lkSj iSuy rFkk lkSj m"ek ls 
cuh ;qfDr;kas (devices) ij 'kks/k dk;Z 

eas iz;ksx'kkyk ns'k esa vxz.kh jgh gS 
vkSj blus vusd izkS|ksfxdh gLrkarfjr 
dh gaSA

jk"Vªh; HkkSfrd iz;ksx'kkyk esa 1&2 
flracj] 2011 dks ̂lkSj ÅtkZ vuqiz;ksxksa 
ds fy, inkFkks± vkSj lk/kukas esa orZeku 
izxfr* fo"k; ij jktHkk"kk fgUnh eas nks 
fnolh; jk"Vªh; laxks"Bh dk vk;kstu 
fd;k x;kA laxks"Bh esa lkSj ÅtkZ ds 
leqfpr mi;ksx gsrq ns'k Hkj ds vU; 
laLFkkuksa esa layXu oSKkfudksa ,oa 'kks/
kdÙkkZvksa dks vkil eas fopkj foe'kZ djus 
vkSj vius vuqHkokas ds vknku&iznku ds 
fy, vkeaf=r fd;k x;kA bl laxks"Bh 
ds mn~?kkVu lekjksg esa Jh nhid 
xqIrk] lfpo ¼,e-,u-vkj-bZ-½] Hkkjr 
ljdkj ds eq[; vfrfFk FksA izks- ,l- 
ds- tks'kh] iwoZ egkfuns'kd] lh-,l-
vkbZ-vkj- us lekjksg dh vè;{krk dhA 
mn~?kkVu lekjksg dk eq[; vfHkHkk"k.k 
izks- ch- ,e- vjksM+k] Hkkjrh; izkS|ksfxdh 
laLFkku] eqEcbZ us fn;kA

laxks"Bh dk 'kqHkkjaHk izks- jes'k pUnz 
cq/kkuh] funs'kd] jk"Vªh; HkkSfrd 
iz;ksx'kkyk ds Lokxr Hkk"k.k ls gqvkA 
funs'kd egksn; us eq[; vfrfFk Jh 

jk"Vªh; laxks"Bh dk 'kqHkkjaHk djrs gq, izks- jes'k pUnz cq/kkuh] funs'kd] jk"Vªh; HkkSfrd iz;ksx'kkyk

nhid xqIrk] izks- ,l- ds- tks'kh] izks- 
ch-,e- vjksM+k ,oa lHkkxkj esa mifLFkr 
oSKkfud leqnk; dk vfHkuUnu djrs 
gq, ,u-ih-,y- eas lkSj ÅtkZ ds {ks=kas esa 
gks jgs 'kks/k dk;ks± ds ckjs esa crk;kA 
jk"Vªh; laxks"Bh ds mn~~?kkVu lekjksg 
ds volj ij Jh nhid xqIrk us lkSj 
ÅtkZ ds egŸo rFkk Hkkjr ljdkj ds 
iz;kl ds vUrxZr tokgj yky usg# 
lksyj fe'ku dk mYys[k fd;kA izks- 
tks'kh] iwoZ egkfuns'kd lh-,l-vkbZ-
vkj-] us lkSj ÅtkZ ds {ks= eas ,u-ih-
,y- dh iwoZ miyfC/k;ksa dh ljkguk 
dh rFkk vk'kk O;Dr dh fd vkxs 
vkus okys le; esa Hkh vR;Ur egŸoiw.
kZ 'kks/k dk;Z fd, tk,axsA izks- ch-,e- 
vjksM+k us ^^Hkkjr eas fo|qr mRiknu 
gsrq lkSj ÅtkZ % v)ZZpkyd #V** ij 
viuk eq[; vfHkHkk"k.k fn;kA vkius 
vius vfHkHkk"k.k eas vkj ,aM Mh- lewgksa 
vkSj 'kS{kf.kd laLFkkukas ds le{k vkus 
okyh pqukSfr;ksa ij izdk'k Mkyrs gq, 
fØLVyh; vkSj cgqfØLVyh; flfydkWu 
ij vk/kkfjr lkSj lSy dk mYys[k 
fd;kA

laxks"Bh eas eq[;r% ik¡p l= Fks %&

(i)	 lksyj FkeZy ,aM dalUVªsfVM 

QksVks oksfYVd

(ii)	 fØLVyh; flfydkWu lksyj 

lSYl]

(iii)	 ruq ijr lksyj lSYl

(iv)	 ruq ijr ,oa vU; lksyj 

lSYl

(v)	 vkxsZfud lksyj lSYl

laxks"Bh eas 13 vkeaf=r okÙkkZ,a] 2 
ekSf[kd izLrqfrdj.k ,oa 27 isij izLrqr 
fd, x,A fgUnh eas vk;ksftr ;g nks 
fnolh; jk"Vªh; laxks"Bh Hkkjr dh 
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LoPN ,oa gfjr ÅtkZ vko';drkvksa 
,oa vuojr ÅtkZ vkiwfrZ ds fy, 
vR;ar izklafxd jghA

dk;Z'kkyk

iz;ksx'kkyk ds lHkh oSKkfudkas@
rduhdh vf/kdkfj;ksa@ vf/ kdkfj;kas 
,oa LVkQ lnL;kas ds fy, fnukad 14 
fnlacj 2011 dks ̂ ^NqV~Vh ;k=k fj;k;r 
(LTC) ,oa lkekU; Hkfo"; fuf/k (GPF)” 
fo"k; ij ,d fnolh; dk;Z'kkyk dk 
vk;kstu fd;k x;kA dk;Z'kkyk dk 
'kqHkkjaHk Jh Vh-oh- tks'kqok] iz'kklu 
fu;a=d egksn; us fd;kA Jherh 
Hkkouk xqxykuh] vuqHkkx vf/kdkjh us 
dk;Z'kkyk eas mifLFkr LVkQ lnL;ksa 
dks mDr fo"k;kasa ij v|ru tkudkjh 
iznku dh ,oa ,y-Vh-lh- rFkk lkekU; 
Hkfo"; fuf/k ij Hkkjr ljdkj ds fu;eksa 
dk Li"V mYys[k djrs gq, mifLFkr 
Jksrkvksa ds iz'uksa dk Hkh lek/kku 
fd;kA bl dk;Z'kkyk esa iz;ksx'kkyk 
ds oSKkfudksa@rduhdh vf/kdkfj;kas 
,oa LVkQ lnL;ksa us mRlkgiwoZd Hkkx 
fy;kA bl izdkj ;g dk;Z'kkyk vius 
mís'; eas iw.kZr% lQy jghA

fgUnh i[kokM+k

jktHkk"kk foHkkx] x`g ea=kky; 
dh fgUnh i[kokM+k lacU/kh 
O;oLFkkvksa dks è;ku eas j[krs gq, 
iz;ksx'kkyk esa fnukad 1-9-2011 ls 
14-9-2011 rd fgUnh i[kokM+k euk;k 
x;kA iz;ksx'kkyk ds oSKkfudksa@
vf/ kdkfj;ksa@LVkQ lnL;kas dks viuk 
vf/kd ls vf/ kd dk;Z fgUnh eas djus 
ds fy, izksRlkfgr djus ds mís'; 
ls fgUnh i[kokM+k ds nkSjku fofHkUu 
izfr;ksfxrkvksa dk vk;kstu fd;k x;kA 
ftldk fooj.k fuEu izdkj ls gS%

fnuk¡d 10-08-2011 dks fgUnh fVIi.k ,oa 
vkys[ku izfr;ksfxrk ¼MsLd izfr;ksfxrk½] 
16-08-2011 dks fuca/k izfr;ksfxrk] 18-
08-2011 dks lkbal fDot izfr;ksfxrk]  
26-08-2011 dks Vad.k izfr;ksfxrk] 05-
09-2011 dks o"kZ ds nkSjku fgUnh esa 
fd;k x;k vf/kdre dk;Z ,oa fgUnh 
fMDVs'ku izfr;ksfxrkvksa dk vk;kstu 
fd;k x;kA fnukad 07-09-2011 dks 
iz;ksx'kkyk ds vkfMVksfj;e eas dkO; 
ikB izfr;ksfxrk dk vk;kstu fd;k 
x;k ftleas lqizfl) gkL; dfo Jh 
^ckxh pkpk* dks vkeaf=r fd;k x;kA 

dk;Z'kkyk esa O;k[;ku nsrs gq,] Jherh Hkkouk 

xqxykuh

fgUnh i[kokM+k ds nkSjku vk;ksftr dh 
xbZ izfr;ksfxrkvksa eas iz;ksx'kkyk ds 
LVkQ lnL;kas us mRlkg iwoZd Hkkx 
fy;k o vR;f/kd #fp iznf'kZr dhA

fgUnh i[kokM+k lekiu lekjksg dk 
vk;kstu fnuk¡d 14 flracj] 2011 dks 
iz;ksx'kkyk ds vkWfMVksfj;e eas fd;k 
x;kA MkW- ,- lsuxqIrk dk;Zdkjh funs'kd 
egksn; us dk;ZØe dk 'kqHkkjaHk fd;kA 
bl volj ij mUgksaus iz;ksx'kkyk ds 
LVkQ lnL;ksaa dks fgUnh eas vf/kd ls 
vf/kd dk;Z djus ds fy, izsfjr djrs 
gq, viuk lans'k fn;kA bl volj ij 
xSLV ySDpj nsus ds fy, Mk- nqxkZnÙk 
vks>k] ofj"B oSKkfud] xzkm.M okVj 
fMikVZesaV] tks/ kiqj dks vkeaf=kr fd;k 
x;k FkkA MkW- nqxkZnÙk vks>k us fgUnh 
fnol ds volj ij iz;ksx'kkyk ds 
lHkkxkj eas mifLFkr LVkQ lnL;kas 
dks nSfud ljdkjh dkedkt esa fgUnh 
dk bLrseky djus ds fy, izsfjr o 
izksRlkfgr djrs gq, dgk fd ge lHkh 
dks fgUnh eas dke djus eas f>>d 
eglwl ugha gksuh pkfg, vkSj viuk 
vf/kd ls vf/ kd dk;Z fgUnh eas djuk 
pkfg,A Mk- vks>k us ßfoKku vkSj 
iz'kklu esa fgUnh dh mikns;rkß fo"k; 

fgUnh fnol lekjksg dk;ZØe dk 'kqHkkjaHk djrs gq, MkW- , lsuxqIrk] dk;Zdkjh funs'kd] ,u-ih-,y-
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ij vius cgqewY; fopkjksa dks Jksrkvksa 
ds le{k izLrqr fd;kA lekjksg ds 
vUr eas izfr;ksfxrkvkas eas Hkkx ysus 
okys fotsrk izfrHkkfx;ksa dks dk;Zdkjh 
funs'kd egksn; us iqjLdkj iznku 
fd;sA

O;k[;ku

iz;ksx'kkyk eas fiNys dbZ o"kksZa ls 
jktHkk"kk fgUnh ds iz;ksx dks c<+kok 
nsus ds mís'; ls iz'kklu ds lkFk&lkFk 
foKku ,oa rduhdh {ks=kas esa Hkh fgUnh 
ds izpkj&izlkj gsrq le;&le; ij 
foKku fo"k;kas ij fof'k"V O;k[;kukas dk 
vk;kstu fd;k tk jgk gSA blh Øe 
eas iz;ksx'kkyk ds oSKkfudkas ds fy, 26 
tqykbZ] 2011 dks ,d O;k[;ku dk 
vk;kstu fd;k x;kA O;k[;ku nsus 
ds fy, tkfe;k&fefYy;k bLykfe;k 

O;k[;ku nsrs gq,] izks- ,e-,- ogkc

;wfuoflZVh ds HkkSfrdh foHkkx ds izeq[k 
izks- ,e- ,- ogkc dks fo'ks"k :i ls 
vkeaf=r fd;k x;kA izks- ogkc us ßnks 
u, Lisl ysfVlsl dh vko';drkß 
(Necessity of two new space lattices) 

fo"k; ij viuk O;k[;ku izLrqr 
fd;kA izks- ogkc us mifLFkr oSKkfudksa 
dks mDr fo"k; ij fd, tk jgs 'kks/k 
dk;ksZa ds ckjs esa foLrkj ls tkudkjh 
iznku dhA

� 
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� APPENDIX - 2
PATENTS

(01.04.2011 – 31.03.2012)
Patents Filed in India

Sr. No Title Prov. Filing Date Application No. Inventors 

1 Indelible Ink Formulations for 
Instantaneous Skin Marking

14/02/2011 0361del2011 Rajinder Kumar Sharma, 
Sukhwant Singh Bawa

2 New Indelible Ink Formulations 
for Spontaneous Skin Marking

14/02/2011 0362del2011 Bawa Sukhwant Singh, Sharma 
Rajinder Kumar

3 Development of Specific Method 
to Identify Inorganic Phosphate 
(Used as an Adulterant) in Milk

03/06/2011 1582del2011 Ajit Kumar Sarkar, Niranjan 
Singh, RC Sharma

4 Lithium Metal Quinolates and 
Process for Preparation Thereof 
as Good Emitting, Interface 
Materials as Well as N-Type 
Dopent for Organic Electronic 
Devices

21/06/2011 1746del2011 Kamalasanan M.N., Srivastava 
Ritu, Amit Kumar, Ishwar Singh, 
Dhawan S.K., Bawa S.S.

5 An Improved Process for 
Joining of Tubes of Oxide High 
Temperature Superconductors 
with Improved Superconducting 
Properties 

21/06/2011 1748del2011 Gursharan Kaur Padam, 
Narinder Kumar Arora, Ramesh 
Kumar Sethi, Shrikant Narayan 
Ekbote

6 Light Weight High 
Electromagnetic Interference 
(Emi) Shielding Material 
Based on Carbon Nanotubes 
Reinforced Polymer Composites

24/06/2011 1793Del2011 Singh Bhanu Pratap, Garg 
Parveen, Pande Shailaja, 
Mathur Rakesh Behari, Saini 
Parveen, Dhawan Sundeep 
Kumar

Patents Filed Abroad

Sr No Title Country Comp. Filing 
Date 

Application 
No. 

Inventors 

1 An Improved Process to 
Deposit Diamond Like Carbon 
as Protective Coating on Inner 
Surface of Bottles

Us 11/08/2011 13/201210 Kumar Sushil, Dixit Prakash 
Narain, Rauthan Chandra 
Mohan Singh

2 An Improved Process to 
Deposit Diamond Like Carbon 
as Protective Coating on Inner 
Surface of Bottles

Jp 17/08/2011 2011550662 Kumar Sushil, Dixit Prakash 
Narain, Rauthan Chandra 
Mohan Singh
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Sr No Title Country Comp. Filing 
Date 

Application 
No. 

Inventors 

3 An Improved Process to 
Deposit Diamond Like Carbon 
as Protective Coating on Inner 
Surface of Bottles

Ep 18/08/2011 10704976.9 Kumar Sushil, Dixit Prakash 
Narain, Rauthan Chandra 
Mohan Singh

4 An Improved Process to 
Deposit Diamond Like Carbon 
as Protective Coating on Inner 
Surface of Bottles

Kr 30/08/2011 10-2011-
7020190

Kumar Sushil, Dixit Prakash 
Narain, Rauthan Chandra 
Mohan Singh

5 A Long Duration Optical 
Memory Device Based on 
Deformed Helix Ferroelectric 
Liquid Crystal Material and a 
Method for The Development 
Thereof

Kr 26/10/2011 2011-
7025406

Jai Prakash, Ajay Kumar, 
Choudhary Amit, Malik Anu, 
Coondoo Indrani, Biradar 
Ashok Manikrao

6 Improved Version of Teleclock 
Receiver Utilizing Mobile 
Telephone Network

Gcc 09/01/2012 16564 Banerjee Parameswar, Thorat 
Pranalee Premdas, Suri Anil 
Kumar

7 Nucleic Acid Primers and Probe 
For Detection of Neisseria 
Gonorrhoeae

Ap 27/01/2012 Ap/P/2012/ 
006092

Sood Seema, Rachna Verma, 
Singh Renu, Gajjala Sumana, 
Manju Bala, Sumantaray 
Jyotish Chandra, Pandey 
Manoj Kumar, Malhotra Bansi 
Dhar

8 Nucleic Acid Primers and Probe 
For Detection of Neisseria 
Gonorrhoeae

Ug 27/01/2012 Ap/P/2012/ 
006092

Sood Seema, Rachna Verma, 
Singh Renu, Gajjala Sumana, 
Manju Bala, Sumantaray 
Jyotish Chandra, Pandey 
Manoj Kumar, Malhotra Bansi 
Dhar

9 Nucleic Acid Primers and Probe 
for Detection of Neisseria 
Gonorrhoeae

Ke 27/01/2012 Ap/P/2012/ 
006092

Sood Seema, Rachna Verma, 
Singh Renu, Gajjala Sumana, 
Manju Bala, Sumantaray 
Jyotish Chandra, Pandey 
Manoj Kumar, Malhotra Bansi 
Dhar

10 Nucleic Acid Primers and Probe 
for Detection of Neisseria 
Gonorrhoeae

Mw 27/01/2012 Ap/P/2012/ 
006092

Sood Seema, Rachna Verma, 
Singh Renu, Gajjala Sumana, 
Manju Bala, Sumantaray 
Jyotish Chandra, Pandey 
Manoj Kumar, Malhotra Bansi 
Dhar
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Patents Granted in India

Sr No Title Gtant Date Patent No. Inventors 

1 A Novel Iron-Poly[3-Octylthiophene]  
(Fe-P3ot) Nanocomposite Material 
and a Process for the Preparation 
Thereof

24/08/2011 248779 Ramadhar Singh, Jitendra Kumar

2 A Process for Manufacturing Nano-
Structured Zinc Oxide Tetrapods

30/11/2011 250037 Srivastava Avanish Kumar, Sood 
Kedar Nath, Lal Kasturi, Kishore 
Ram

3 A Process for the Peparation of 
Nanomaterial

30/11/2011 250578 Harish Chander

4 A Process for the Preparation of 
a Low Contact Resistance Contact 
on a High Transition Temperature 
Super - Conductors

02/03/2012 251241 Shrikant Ekbote, Gurusharan Kaur 
Padam, Narendra Kumar Arora, 
Mukul Sharma, Ramesh Sethi, Mrinal 
Kanti Banerjee

5 A Single Step Process for the 
Preparation of HIgh Density Carbon-
Carbon Composite Material

02/03/2012 251233 Bahl Om Prakash, Mathur Raesh 
Behari, Dhami Tersem Lal, Chauhan 
Sippy Kalra

Patents Granted Abroad

S. No Title Country Grant Date Patent No. Inventors 

1 An Improved Process Based 
on the Sol-Gel Technique for 
the Preparation of CeTi2O6 
Powder

Gb 06/04/2011 2114826 Amita Verma,  
S.A. Agnihotry

2 An Improved Process Based 
on the Sol-Gel Technique for 
the Preparation of CeTi2O6 
Powder

Fr 06/04/2011 2114826 Amita Verma,  
S.A. Agnihotry

3 An Improved Process Based 
on the Sol-Gel Technique for 
the Preparation of CeTi2O6 
Powder

Ep 06/04/2011 2114826 Amita Verma,  
S.A. Agnihotry

4 Monoclinic CeTi2O6 Thin Film 
and a Sol-Gel Process for 
the Preparation Thereof

Cn 01/06/2011 Zl200680053857.3 Verma Amita, Agnihotry 
Suhasini Avinash, Bakhshi 
Ashok Kumar

5 Process for the Simultaneous 
and Selective Preparation 
of Single-Walled and Multi-
Walled Carbon Nanotubes

Us 07/06/2011 7955663 Rb Mathur, Chottey Lal,  
Tl Dhami, Bp Singh,  
Ak gupta

6 Improved Process for 
the Development of 
High Temperature 
Superconducting Bulk 
Current Leads

De 07/07/2011 112006003792 Sn Ekbote, Gk Padam,  
Nk Arora, Mukul Sharma, 
Ramesh Sethi,  
Mk Banerjee
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� APPENDIX - 3

Technologies Marketed
Knowledgebase generated and transferred 

Title of the technology Date of Transfer Name of Licensee

Carbon Composite Half Rings 20.05.2011 M/s Jyoti Cero Composite, Jamshedpur, 
Bihar

Technology Transfer Event
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� APPENDIX - 4

R & D Collaborations

Collaborating Institute Research Area

CSIR-CCMB, Hydrabad Development of biocompatible substrates with titanium 
oxide film coating under suitable conditions and 
additives.

NABL, New Delhi Assessment of calibration laboratories and Organizing 
the Proficiency Testing program among the NABL 
accredited laboratories. 

PTB Institute, Germany To coordinate international inter-comparison in 
temperature metrology among SAARC countries under 
SAARC-PTB Project

Bharti Automation Pvt. Ltd., New Delhi Water flow measurement

MAX Super Specialty Hospital, New Delhi Tumor Diagnosis

Collaborative Academic Project between C.G.C., NPL 
and Phys. Dept., Anna University, Chennai –CAP-14 (PI) 

Crystal Growth and Characterization

Collaborative Academic Project between C.G.C., NPL 
and Crystal Growth Centre, SNN College of Engg., 
Chennai, CAP-18 (PI)

Crystal Growth and Characterization

Collaborative Academic Project between C.G.C., NPL 
and Physics Department, Jamia Millia Islamia, CAP-24. 
(PI)

Crystal Growth and Characterization

Institute of Experimental Physics, Academy of Science, 
Kosice, Slovak

Nanomagnetic fluids

CSIR-NML, Jamshedpur Ferrofluid

CSIR-CEERI, Pilani Ferrofluid

Bhavnagar University, Bhavnagar Ferrofluid

Thapar University, Patiala Aerosol & Health/MiC Education

JNU, New Delhi Aerosol Chemistry/MiC Education

Hokkaido University, Sapporo, Japan Aerosol Chemistry

PTB Braunschweig/BAM Berlin Metrology in Chemistry
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� APPENDIX - 5

Sponsored/Supported R & D Projects
� `  (in Lakhs)

Sr.  
No.

Title of the Project Agency/Client Amount 
Received 

1 Morphological study of polar region ionosphere with 
special emphasis on space weather events

Department of Space (DOS), 
Bangalore

25.73

2 A study of adaptive spherical lens using nematic liquid 
crystal for defence applications

DRDO, New Delhi Directorate of 
Extramural Research & Intellectual 
Property Rights (ER&IPR),

11.10

3 Preparation of energy sector GHG Emission Inventory 
and assessment of heat stress vulnerability under 
future climate change scenarios in India

CSIR, CCMMCS, Centre for 
Mathematical Modelling and 
Computer Simulation, NAL Belur 
campus, Bangalore 

6.37

4 Preparation and characterization of silicon for solar 
energy applications

Department of Science & Technology 
(DST), New Delhi

30.16

5 Development of gold micro-electrode array with 
nanometer size opening for use in biosensor at 
physiological conditions

Department of Biotechnology (DBT), 
New Delhi

3.75

6 Advancing the Efficiency and Procuction Potential of 
Excitonic Solar Cells (APEX)

DST, New Delhi 185.00

7 Development of continuous nanofibers by electro-
spining

DST, New Delhi 15.00

8 Band gap engineering of nanophosphors for use in 
energy saving lighting applications

DST, New Delhi 13.90

9 Superconductivity of pure and doped FeAs and 
FeSe systems  (Under Fast Track Scheme for Young 
Scientists)

DST, New Delhi 7.10

10 Recommended standard practices in the field of static 
force, pressure & torque metrology (under USERS 
Scheme)

DST, New Delhi 3.45

11 J C Bose National Fellowship DST, New Delhi 13.60

12 Ramanna Fellowship DST, New Delhi 13.40

13 Development of hybird electroluminescent materials 
and low power driven lamps (Women Scientist 
Scheme)

DST, New Delhi 2.50

14 A novel way to reduce platinum metal loading in a 
carbon nano-composite electrode to produce low cost-
high efficiency commercialy viable Polymer Electroyte 
Membrane (PEM) fuel cells

DST, New Delhi 12.00

Total 343.06
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� APPENDIX - 6

Consultancy Projects 2011-12
`  (In lakhs) 

Sr. No. Project Code Client Title Contract 
Value

Amount 
Received 
2011-12

NEW & COMPLETED

1.  CNP110132 ABB Limited, 32, NIT, 
Faridabad

Weighing scale validation project 4.33 3.90

2. CNP110232 Electronics Regional Test 
Laboratory (North),   
New Delhi

Metrological characterization of a 
dual range piston gauge

3.26 3.26

3. CNP110332 Electronics Test and 
Development Centre, 
Guwahati 

Determination of metrological 
parameters of hydraulic and 
pneumatic dead weight testers

5.40 5.40

OLD & COMPLETED

1. CNP070332 CSIO, Chandigarh Quality system implementation 
in geoseismic and medical 
instrumentation in accordance with 
ISO/IEC 17025 : 2005

0.00 0.00

2. CNP070432 Regional Research 
Standards Laboratory 
(RRSL), Guwahati 

Setting up of torque standard 
machine at RRSL, Guwahati 

14.29  0.00

3. CNP070532 RRSL, Faridabad Design, fabrication and installation 
of primary torque measurement 
machine at RRSL, Faridabad

31.00 0.00

4. CNP070932 RRSL, Bangalore Design, develop and fabricate 
torque primary standards from 2 Nm-
200Nm within uncertainty of 0.05 %

31.00 6.14

5. CNP071032 RRSL, Bangalore Design, erection and commissioning 
of dead weight force machine at 
RRSL, Bangalore 

101.25 0.00

6. CNP071132 RRSL, Ahmedabad Design, primary and secondary 
torque measuring facility at RRSL, 
Ahmedabad

14.29 2.83

7. CNP071232 RRSL, Bhubaneswar Supply of one number of secondary 
torque measurement facility at RRSL, 
Bhubaneswar

14.29 0.00

8. CNP080232 RRSL, Ahmedabad Design, develop & fabricate 
secondary force standards upto 50 
kN by comparison of 0.05 %

22.29 11.14 
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Sr. No. Project Code Client Title Contract 
Value

Amount 
Received 
2011-12

9. CNP080332 RRSL, Bhubaneswar Design, develop & fabricate 
secondary force standards upto 50 
kN by comparison of 0.05 %

22.29 0.00

10. CNP080432 RRSL, Guwahati Design, develop & fabricate 
secondary force standards upto 50 
kN by comparison of 0.05 %

22.29 11.14

11. CNP080632 RRSL, Faridabad Design, develop & fabricate 
secondary force standards upto 50 
kN by comparison of 0.05 %

22.29 0.00

12. CNP090332 Raipur Tar Product, 
Raipur, Chhattisgarh, MP

General consultancy relating to 
reduction of QI from high QI coal 
tar pitch

0.98 0.00

13. CNP100132 SIMCO Calibration 
Laboratory, Hyderabad

Guidance in Implementing of quality 
system dimensional parameters as 
per ISO 17025 

1.37 0.00

14. CNP100532 Rajesh & Rajesh Std Lab, 
Konark Apartment, Kon-
Village, Mumbai-Pune 
Road, Tal Panvel, 
Dist. Raigad

Set-up of laboratory of mass 
measurement for NABL accreditation

2.49 0.00

CONTINUING

1. CNP070832 Aeronautical 
Development Agency 
(ADA), Bangalore

Certification of reference blocks of 
various materials as per 1,2mm FBH 
standards of ASTM E 127-PV3/PV5 
(59/704)

9.36 0.00

TOTAL 322.47 43.81
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� APPENDIX - 7

Earning from Calibration & Testing

` (in Lakhs)

Apex Level Standards & Metrology

Sub-division 
No.

Sub-division Name Charges or Actual Amount 
Received (inclusive of All Taxes)

No. of 
Reports

D5.01 Mass Standards 86.74 383

D5.02 Standards of Dimension 46.86 309

D5.03 Temperature & Humidity Standards 31.00 101

D5.04 Optical Radiation Standards 54.48 363

D5.05 Force & Hardness Standards 52.97 393

D5.06 Pressure & Vacuum Standards 29.39 92

D5.07 Acoustics, Ultrasonics, Shock and Vibration Standards 17.23 122

D5.08 Fluid Flow Measurement Standards 4.80 9

D5.09 LF & HF Impedance & DC Standards 17.63 117

D5.10 LF & HF Voltage, Current & Microwave Standards 9.42 30

D5.11 AC High Voltage & AC High Current Standards 29.23 59

D5.12 AC Power & Energy Standards 26.56 140

Total (A) 406.31 2118

Time and Frequency

Sub-division 
No.

Sub-division Name Charges or Actual Amount 
Received, inclusive of All Taxes

No. of 
Reports

D4.03 Precise Timing Systems 3.32 13

Total (B) 3.32 13

Materials Physics & Engineering.

Sub-division 
No.

Sub-division Name Charges or Actual Amount 
Received, inclusive of All Taxes

No. of 
Reports

D2.01 Polymer & Soft Material – –

D2.02 Physics & Engineering of Carbon 1.19 9

D2.04 Multiferroics and Magnetics 3.11 26

D2.06 Metals & Alloys 1.52 13

D2.07 Piezoelectric Sensors & Actuators 0.00 0

TOTAL (C) 5.82 48
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Physics of Energy Harvesting

Sub-division 
No.

Sub-division Name Charges or Actual Amount 
Received, inclusive of All Taxes

No. of 
Reports

D1.06 Optical Thin Films & Ceramics 0.27 4

Total (D) 0.27 4

Sophisticated & Analytical Instruments

Sub-division 
No.

Sub-division Name Charges or Actual Amount 
Received, inclusive of All Taxes

No. of 
Reports

SD7.01.01 X-Ray Analysis 0.09 2

SD7.01.02 Electron & Ion Microscopy 01.43 11

SD7.01.03 EPR IR Spectroscopy 0.13 2

SD7.01.04 Analytical Chemistry 7.57 44

D6.02 QHR Standard 0.28 1

Total (E) 9.50 60

Summary

Sub-division 
No.

Sub-division Name Charges or Actual Amount 
Received, inclusive of All Taxes

No. of 
Reports

D 1 Physics of Energy Harvesting 0.27 4

D 2 Materials Physics & Engineering. 5.82 48

D 4 Time and Frequency 3.32 13

D 5 Apex Level Standards & Industrial Metrology 406.31 2118

SASD 7 Sophisticated & Analytical Instruments 9.50 60

Grand Total 425.22 2243

Notional Cases 135.86 392
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Pay and Allowances
Network Projects

Contingencies
Apparatus & Equipment Computers

Library Books & 
Journals

Staff Quarters (Maintenance & 
Construction)

Human Resource 
Development

Maintenance & Institute Building

Chemicals & Consumables

Works & Services

Machine/Office 
Equipment, Furniture & Fittings

� APPENDIX - 8

Annual Expenditure 2011-12

	 ` (in Lakhs)

Sr. No. Budget Heads Grant LRF Total

1 Pay and Allowances 4434.047 29.292 4463.339

2 Contingencies 403.85 22.335 426.185

3 Human Resource Development 2.934 – 2.934

4 Maintenance & Institute Building 250.001 87.744 337.745

5 Chemicals & Consumables 450.993 59.206 510.199

6 Works & Services 129.554 – 129.554

7 Apparatus & Equipment/Computers 1370 47.066 1417.066

8 Machine/Office Equipment, Furniture & Fittings 8 4.127 12.127

9 Library Books & Journals 115 8.439 123.439

10 Staff Quarters (Maintenance & Construction) 101.673 59.206 160.879

11 Network Projects 4104.118 – 4104.118

Total 11370.17 317.415 11687.585

Pay and Allowances Contingencies Human Resource Development

Maintenance & Institute Building Chemicals & Consumables Works & Services

Apparatus & Equipment Computers Machine/Office Equipment, Furniture & Fittings Library Books & Journals

Staff Quarters (Maintenance & Construction) Network Projects
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� APPENDIX - 9

Recognitions, Honours and Awards

	� CSIR-NPL team led by Dr. Ravi Mehrotra has won the DST-Lockheed Martin Gold Medal 
2012 at the Innovators' Competition under the India Innovation Growth Program. The 
award is for NPL's innovative ECG device technology and its potential to benefit the 
society. The award comprises a gold medal, a certificate and a cash prize of one lakh 
rupees. The competition had 800 entries and the top thirty innovations covering a 
broad spectrum of areas have been awarded. 

	 DAE-SRC Outstanding Research Investigator Award – Dr. V.P.S. Awana 

	� National Metallurgists Day (NMD)-Metallurgist of the Year Award 2011, Instituted  
by the Ministry of Steel, Government of India, under the category of Metal Sciences :  
Dr. Avanish Srivastava.

	� The Scientific Committee of International Geosphere-Biosphere Programme (IGBP) and 
the International Commission for Atmospheric Chemistry and Global Pollution (iCACGP) 
have invited Dr. C. Sharma to become a member of the Scientific Steering Committee 
for their International Global Atmospheric Chemistry (IGAC) Project for the period of 
1 January 2012 to 31 December 2014.

	� Dr. MVSN Prasad Awarded Fellowship of the Institution of Electronics and Telecom 
Engineers

	
	 Dr. Mahavir Singh : Chairman, Delhi Chapter of Acoustical Society of India (ASI)

	� Horticulture Department received awards for more than 130 entries, including several 
first, in a flower show organized by  the Agriculture Institute-Pusa for the NCR region. 
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� APPENDIX - 11

Ph. D awards based on the research work done at NPL 

Sr. No. Title Awardee University/Institute Guide(s)

1 Synthesis and Optoelectronic 
Characterization of some Metal 
Complexes

Dr. Amit Kumar MDU, Rohtak Prof. Ishwar Singh 
(MDU)
Dr. Ritu Srivastava (NPL)

2 Study of optical and electrical 
properties of doped Organic 
Semiconductors

Ms. Gayatri Chauhan 
(Submitted)

BHU, Varanasi Prof. P.C. Srivastava (BHU)
Dr. M.N. Kamalasanan 
(NPL)

3 Structural, dielectric and photonic 
studies on certain types of liquid 
crystals

Mr. Gautam Singh Indian Institute of 
Technology, Delhi

Dr. A.M. Biradar (NPL)
Dr. G.V. Prakash (IIT 
Delhi) 

4 Synthesis of ZnO based 
Nanophosphors for Applications in 
Solid State Light Emitting Devices

K. Jayanthi Jamia Millia Islamia, 
Delhi

Santa Chawla, (NPL)
Z.H. Khan, (JMI)

5 Novel nano and bulk phosphors 
for solar spectrum modification to 
improve solar cell performance

Atif F. Khan IIT, Delhi Santa Chawla (NPL)
V. Dutta (IIT, Delhi)

6 Synthesis and Characterization of 
conducting polymer for sensing 
applications 

Tarushee Ahuja Delhi University Dr. Rajesh (NPL)
Dr. D. Kumar (DU)

7 Study of methane emission from 
paddy fields of Karnal: A GIS 
based approach

Vandana Gupta J.N.U., New Delhi Prabhat K. Gupta (NPL)
Dr. Krishan Kumar (JNU)

8 Physico-chemical characterization 
of aerosols and precursor gases 
in and around Delhi

Khem Singh J.M.I. New Delhi Prabhat K. Gupta (NPL)
Prof. Z.H. Khan (JMI)
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� APPENDIX - 12

HUMAN RESOURCE DEVELOPMENT GROUP

The Human Resource Development (HRD) Group of 
NPL is a constituent group of SASD 8 and represents 
a central group of the laboratory providing a wide 
range of HRD services. It undertakes several activities 
in various areas of core competence of the lab and 
also related to the research scholars.

The group is involved in various activities, such as, 
Organisation of Industrial Training in Metrology/
Standards, Pacement and support to Research 
Scholars, Training for M.Tech./MCA/M.Sc. students 
from all over the country, Institutional Visits, Deputation 
of NPL staff members to attend conferences, etc. The 
basic object behind these activities is to make the 
Human Resource better informed, knowledgeable 
and highly skilled & trained so that it can prove to be 
more competitive, productive and useful to the society 
and the country.

The various activities of the Group are as follows:

1. Organisation of Industrial Training Courses

Organisation of Training Courses on various physical 
parameters in the area of Metrology/Standards, as 
well as on other specialized topics is an important 
activity of the HRD Group. These courses are 
primarily meant for the personnel belonging to 
various industries, Testing & Calibration laboratories 
and other S&T organisations. However, the NPL staff 
members are also encouraged to attend these courses, 
wherever found fit.

The Training Courses consist of theory lectures on 
various scientific & technical aspects of the training 
course, followed by practical demonstration and 
hands-on training on the related instruments/
apparatus/machines.

Four (04) Training Courses on different subjects were 
organised by NPL during the period from 1st April 
2011 to 31st March 2012, the details of which are 
as follows :

1.	� Training on Calibration of Digital Multimeter, 
23 May-03 June 2011

	� This programme were specially designed for 
Mr. Joe Panga, Senior Metrologist from National 

Institute of Standards & Industrial Technology, 
Papua New Guinea.

2.	� Training Course on Mass Metrology, 23-26 
August 2011

	� This course was attended by 22 participants, 
including 02 participants from NPL.

3.	� Training Course on Force, Torque & Hardness 
Measurements, 13-15 December 2011

	 This course was attended by the 12 
participants.

4.	� Training Course on Quality Management 
System, 30 Jan-1 Feb 2012

	� This course was specially designed for the Legal 
Metrology Officers, 22 officers attended.

This activity led to an ECF generation of Rs. 13.38 
Lacs.

2. �Placement, Ph.D. Registration and other Support 
to Research Fellows

One of the most prominent activities of the NPL is to 
provide help and support to Research Fellows (JRFs/
SRFs), starting from the time they join NPL till the time 
they leave NPL. This includes their placement in a 
suitable Division/Group and helping them in getting 
hostel accommodation, if required. This also includes 
their Ph.D. registration, assessment for continuance/
upgradation, deputation to attend conferences, etc. 
Sometimes, the help to the Research Fellows starts 
even before they join NPL. This refers to the cases 
wherein they are invited and inspired to join NPL for 
their Ph.D. programme.

During the period from 1st April 2011 to 31st 
March 2012, 29 research fellows (JRFs/SRFs) were 
inspired to join NPL, resulting in a total strength of 
Research Fellows (JRFs+SRFs) in NPL to be 96 as on 
31.03.2012.

3. Organization of Institutional Visits to NPL

Organization of institutional visits involving students/
teachers/faculty members/personnel belonging to 
schools/colleges/universities/technical institutes/S&T 

A
PPEN

D
IX-12



174

layXu

lh,lvkbZvkj&jk"Vªh; HkkSfrd iz;ksx'kkykokf"kZd izfrosnu 2011-12

organisations is an important activity of the NPL. The 
basic objective is to provide the visitors a glimpse of 
the NPL activities and achievements, and thus enhance 
visibility of NPL in the society.

During the period from 1st April 2011 to 31st March 
2012, eleven (11) institutional visits were organised by 
NPL, which involved around 200 persons and included 
prestigious institutions like, IIT Delhi , National Institute 
of Technology, Kurukshetra , Rajdhani College, New 
Delhi, Indian Institute of Legal Metrology, Ranchi, 
Vasant Vally School, New Delhi etc.

4. Organisation of Students’ Training at NPL

NPL provides Training to students pursuing M.Sc./M.
Tech./MCA, or their equivalent degree programmes, 
from different educational institutions spread all 
across the country, in the areas of research activities 
being carried out at NPL. The basic objective is to 
provide the students a feel and importance of the 
various activities, as well as to motivate them towards 
scientific research as the career. 

During the period from 1st April 2011 to 31st March 
2012, 126 students were provided training oriented 
towards the fulfillment of their academic degree 
requirements in different areas of research under the 
guidance of senior scientists.

This activity led to an ECF generation of Rs. 4.40 
lacs.

5. �Dissemination of HRD-related Information to 
NPL Staff Members

Dissemination of HRD-related information to the NPL 
staff members is another important task performed 
by the HRD Group. The information generally refers 

to conferences/symposia/workshops, or DST, HRDC 
(Ghaziabad) or other such organisations, or awards 
instituted by various agencies.

More than 200 different types of HRD related 
papers were displayed at 4-5 prominent places of 
the laboratory each, during the year 2012-13.

6. �Deputation of NPL Staff Members to Attend 
Conferences/Similar Events

NPL encourages and supports its staff members, 
including JRFs, SRFs, PAs, RIs, RAs, SRAs, etc., to 
attend and present papers at national/international 
conferences/symposia/seminars/workshops, 
organised by different agencies in areas relevant 
to research activities being carried out at NPL. This 
is primarily meant to enable the staff members 
to put forward their views and research results 
before the leading national/international experts 
and interact with them on the latest developments 
in their research areas.

During the period from 1st April 2011 to 31st 
March 2012, 224 cases of NPL scientists and other 
staff members including research scholars, were 
nominated to participate in various conferences/
similar events and different Training Courses held 
across the country.

7. AcSIR and PGRPE related Activities

All activities related to PGRPE programme for 
Advanced Material Physics & Engineering including 
Admission, Classes (theory/ tutorial/ practical), 
Examinations and Evaluation of PGRPE & AcSIR-Ph.D. 
students are handled by the HRD Group in consultation 
with the Coordinator.
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I. CSIR Foundation Day Celebrations

The CSIR Foundation Day was celebrated by the 
concerted efforts put in by all the members of the 
Organizing Committee and the Academic Committee. 
On 26th Sept., 2011, a function was organised in 
the NPL auditorium. Dr. N Ratnasree, Director, Nehru 
Planetarium, New Delhi was the Chief Guest, who 
delivered the CSIR Foundation Day Lecture, entitled 
“From Guest Stars to a Cosmic Lighthouse: The Story 
of Supernovae and Pulsars”. The cultural programme, 
including a skit & songs, was also organised by 
the NPL Ladies Club, staff & students of NPL. The 
prizes for the various competitions were distributed. 
Prof. R.C. Budhani, Director, NPL, gave away the 
mementoes to staff members who had completed 25 
years of service and shawl & mementoes to those 
who had retired during last one year. Studentship 
Awards to children of NPL staff members, including 
scholarships instituted by the NPL Former Scientists’ 
Forum, were also presented by Dr. Ratnasree amid 
loud applause.

As a part of the CSIR Foundation Day Celebrations, 
an Open Day was also observed by NPL on 28th 
Sept. for school & college students as well as general 
public. One Thousand Eight Hundred and Sixty One 
(1861) visitors including school/college students and 
teachers from 29 schools and 20 colleges as well as 
general public participated in this event. A total of 34 

exhibits were placed on display and visit to various 
R & D groups for participants was organized through 
seven different routes, escorted by volunteers from 
NPL. The smiles on the young faces won the hearts 
and minds of the NPL staff members, who were busy 
attending to Open Day Activities since morning. The 
happy enthusiasm of the school children made the 
entire Open Day programme a big success.

II. Organisation of National Science Day Function

In honour of Sir C.V. Raman for his legacy and 
discovery of the Raman Effect on February 28, 1928, 
the National Science Day 2012 was celebrated at NPL 
on 28th Feb, 2012, in coordination with the Academic 
Committee. Prof. Kehar Singh, Formerly Professor, 
IIT Delhi, Honorary Distinguished Research Professor, 
ITM University, Gurgaon, was the chief guest of the 
function. A Poster Presentation Symposium involving 
the presentation of the work by the research fellows 
of NPL was organised at NPL. The main function 
started in the forenoon at NPL auditorium with the 
remarks by the Director NPL, Prof. R.C. Budhani. Prof. 
Kehar Singh delivered the inaugural address namely 
“Security Holograms”. Prof. Kehar Singh along with 
DNPL & senior scientists, also visited all of the posters 
and had a lively interaction with the students.

To recognize and encourage the students for their 
research work, 05 best poster awards were awarded 
to the students by Prof. Kehar Singh. 

Other Prominent Activities
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Date Conferences, Symposium, Workshops and Events 

13 May, 2011 National Instrument Seminar

20 May ,2011 World Metrology Day and National technology Day

25 May, 2011 Hindi Workshop on Happiness Index and the Ancient Science of Meditation

01 June, 2011 53rd Research Council Meeting

14 July, 2011 CFCT Training Programme

15 July, 2011 PGRPE Selection committee Meeting

20 July, 2011 Task Force Review Meeting

26 July, 2011 Scientific conference in Hindi

18 August, 2011 Hindi Quiz Competition

23 August, 2011 Training Programme on Mass Metrology

01 September, 2011 Hindi National Seminar on Recent Development in Material Devices for Solar Energy 
Application

14 September, 2011 Hindi Pakhwada Samapan

15 September, 2011 DST Steering Committee Meeting

26 September, 2011 CSIR Foundation day celebration

08 November, 2011 PTB Meeting on Collaboration on Solar Cell

16 November, 2011 Workshop on uncertainty in Measurement, optical profiler and low level D.C. Resistance 
and current measurement for Nano metrology

13 December,2011 Training Programme on Force, Torque and Hardness

14 December, 2011 Hindi Unit Meeting

24 December, 2011 Nano Science Advisory Group meeting

24 December, 2011 Research Council Meeting

12 January, 2012 National Conference of Ministry of Environment And Forest

30 January, 2012 Training Course on Quality Management System

28 January, 2012 National Science Day Celebration

05 March, 2012 Training Programme on Scientists’ Presentation

05 March, 2012 Training Programme on Legal Metrology

13 March, 2012 Hindi Workshop on CSIR Purchase

� APPENDIX - 13

IMPORTANT CONFERENCES, SYMPOSIA, WORKSHOPS  
AND EVENTS
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� APPENDIX - 14

CSIR-NPL Colloquium Series

S.No. Date Name of the Visitor Affiliation Title of the talk

1 April 8, 2011 Dr. S. M. Yusuf, BARC, Mumbai Magnetic Ordering in Low Dimensional 
Spin Systems

2 May 5, 2011 Dr. G Rajalakshmi, TIFR, Mumbai Probing Fundamental Interactions 
with Laser-Cooled Atoms and Optical 
Interferometers

3 June 13, 2011 Dr. M. Saidur 
Rahaman, 

LANL, USA Probing the time variation of Fine Structure 
Constant Alpha (a) in Yb system

4 July 5, 2011 Dr. Subhadeep De, JQI, NIST, MU, USA Facility to produce ultra-cold degenerate 
Bose and Fermi gases

5 July 7, 2011 Prof Srinivas Sridhar, NU, USA Nanoplatforms for Nanomedicine

6 July 29, 2011 Professor Krishna 
Shenai, 

TU, USU, USA Rugged Electrical Power Switching in 
Semiconductors

7 August 8, 2011 Dr. Hirendra Nath 
Ghosh, 

BARC, Mumbai Femtosecond Interfacial electron Transfer 
Dynamics in Dye/Quantum Dot Sensitized 
Solar Cell

8 September 16, 
2011

Prof. S M 
Shivaprasad, 

JNCASR, Bangalore Towards super-efficient Solar Cells and 
Light Emitting Diodes 

9 September 23, 
2011

Dr. P. K. Gupta, RRCAT, Indore Biomedical applications of Lasers

10 December 13, 
2011

Vandna Gokhroo, TIFR, Mumbai Sub-Doppler deep-cooled bosonic and 
fermionic isotopes of potassium in a 
compact 2D+ - 3D MOT set-up

11 December 15, 
2011

Michael Kazda, PTB, Germany Time and Frequency in a Nutshell

12 December 19, 
2011

Professor Kannan M. 
Krishnan, 

WU, Seattle, USA Nanomagnetism: Directions and 
opportunities in science and technology

13 December 27, 
2011

Prof. Ashutosh 
Sharma, 

IIT, Kanpur Self-organized Mesoscale Fabrication in 
Soft Materials

14 January 6, 
2012

Prof. Devki N. Talwar, IUP, Indiana, USA Dilute nitride semiconductors – from physics 
to technology

15 January 20, 
2012

Dr Devendra 
Sadana, 

IBM, NY, USA PV Technologies for $1/Watt : Challenges 
& Opportunities

16 March 16, 
2012

Dr Samuel P. Benz, NIST, Boulder, 
Colorado, USA

Fabrication and Precision Voltage 
Measurements with Josephson Devices at 
NIST

A
PPEN

D
IX-14



178

layXu

lh,lvkbZvkj&jk"Vªh; HkkSfrd iz;ksx'kkykokf"kZd izfrosnu 2011-12

� APPENDIX - 15

Invited Talks and Lectures by CSIR-NPL Scientists

S No Speaker’s Name Topic Event and Venue
1. Dr. PK Singh Applications of Nanotechnology 

to Photovoltaic: Approaches and 
Challenges

Indo-Norwegian Workshop on Solar Energy 
Materials and Applications: International 
Conference on Advanced Materials 
December 13-16, 2011, Coimbatore

2. Dr. PK Singh Application of Nano-Technology in 
Wafer-based Silicon Solar Cells

International Conference on Nanoscience 
and Nanotechnology, Coimbatore 
Institute of Technology, July 6-8, 2011, 
Coimbatore

3. Dr. Vandana Test and Calibration Procedures for 
Solar Cells

International Conference on Advanced 
Materials ICAM-2011, Coimbatore

4. Dr. Govind III-Nitride Materials for Efficient 
Energy Generation & Utilization 

National Conference On Recent Trends 
In Materials Science and Nano Structure 
(Rtmsns-12), January 3-4, 2012, Rudrapur

5. Dr. Mahesh Kumar Metal-Silicon Surfaces and interfaces IOP Bhubaneswar, Colloquium talk
6. Dr. Mahesh Kumar The Glimpses of Surface Science: 

From Atoms to Devices
University of Delhi Hindu College Teachers 
Day Celebration

7 Dr. M.N. Kamalasanan Organic Semiconductors and its 
Applications

International Conference on Optics: 
OPTICS’11, National Institute of Technology, 
May 23-25, 2011, Calicut

8 Dr. M.N. Kamalasanan Development of Organic-Inorganic 
Hybrid Devices for Energy Saving 
and Generation

2nd Indo-Italian Workshop on 
Electrochemistry for FUTURE ENERGY 
SOLUTIONS, Department of Chemistry 
University of Delhi Nov 30-Dec 1, 2011

9 Dr. Ritu Srivastava Fabrication of Hybrid Organic-
Inorganic Led Device using Quantum 
Dots as an active Emissive Layer  

National Symposium on Recent Advances  
in Nanoscience, Engineering & Technology  
at ABV- Indian Institute of Information 
Technology & Managment, Gwalior, India   
Nov. 19-20, 2011

10 Dr. Virendra Shanker Recent Initiatives on Phosphor R&D at 
Csir-Npl 

International Conference on Luminescence 
and its Applications (ICLA-2012), held at 
IICT, Hyderabad, during Feb. 7-10, 2012.

11 Dr. Santa Chawla Rare Earth Doped Light Emitters Brain storming session on ‘Fiber Lasers and 
related technology’, RRCAT, Indore, 5th   
Sept., 2011 Nanomeasure – 2011, NGM 
College, Pollachi, September 15-16, 
2011.

12 Dr. Santa Chawla Luminescence Spectroscopy of 
Quantum Dots and Nanoparticles

International Conference on Luminescence 
and its Applications (ICLA-2012), held at 
IICT, Hyderabad, during Feb. 7-10, 2012.

13 Dr. D. Haranath Advances in Novel Phosphor/
Nanophosphor System for High-
Resolution X-Ray Real-Time Imaging 

Emerging Trends in Nanoscience and 
Nanotechnology held at NYSS College of 
Engineering and Research, Nagpur during 
Dec. 20-21, 2011
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S No Speaker’s Name Topic Event and Venue
14 Dr. D. Haranath Recent Advances in Nanophosphors 

for Photonic Applications 
National Workshop on Nanoscience and 
Nanotechnology (NWNSNT-2012) held at 
Raipur during March 12, 2012

15 Dr. D. Haranath Nanotechnology and its Enthralling 
Applications

IV th National Conference on Nanomaterials 
and Nanotechnology (NATCON NAMTECH 
IV -2011), held at Physics Department, 
Lucknow University during December 21-
23 , 2011.

16 Dr. Bipin Kumar 
Gupta 

Advanced Luminescent 
Nanomaterials for Strategic 
Applications in Forthcoming 
 Nanotechnology 

Special Chemistry Seminar, held at 
Department of Chemistry, The City College 
of New York, USA, during May 25-26, 
2011. 

17 Dr. Bipin Kumar 
Gupta 

Luminescent Materials for Strategic 
Applications 

Special Seminar on Nanomaterials, held at 
Hydrogen Energy Centre, Department of 
Physics, Banaras Hindu University, Varanasi, 
on March 6, 2012.

18 Dr. Bipin Kumar 
Gupta 

Advanced Bifunctional Luminescent 
Nanomaterials for Strategic 
Applications in Forthcoming 
Nanotechnology 

Sectional Seminar on Optical Properties 
of Exotic Carbon at   Department of 
Mechanical Engineering and Material 
Science, Rice University, Houston, Texas , 
USA, on December 13, 2011

19 Dr. Bipin Kumar 
Gupta

Investigations on the Luminescent 
Properties of Graphene & Carbon 
nanotubes for Opto-electronic Device 
Applications 

National Conference on Advance Materials 
in Industries, Feb. 10 - 11, 2012, Israel

20 S.R. Dhakate Carbon wondrous material from 
Charcoal to Graphene: Industrial 
Applications 

Yusuf College of Arts, Science and 
Commerce, Jogeshwari (east) Mumbai.

21 S.R. Dhakate Synthesis of electrospun continuous 
nanofibers and its applications for air 
and water filtration 

International conference on recent 
developments in Environmental impact 
assessment and Integrated approach for 
carbon management-solutions, technology 
development and pollution abatement, 
NEERI, Nagpur, March 28-30, 2012.

22 Dr. C. Sharma Atmospheric Chemistry: Some Issues 
of Importance for Climate Change 
and Air Quality 

UGC-SAP Workshop on Environmental 
Chemistry held on September 10, 2011 at 
D.E.I. (Deemed University), Agra.

23 Dr. C. Sharma Problems in Meso-Scale Estimation 
of N2 Emissions from River Basins in 
India

Brain Storming Workshop on ‘Backward 
Integration of Nitrogen in Major Indian 
River Systems’ held during March 02-03, 
2012 at NASC, New Delhi.

24 Dr. M V S N Prasad Measurement of Path Loss in Urban 
and Suburban Environments Over 
Various Regions of India and the 
Associated Modeling Studies

 IEEE international conference on Applied 
Electromagnetics, Dec. 18-22, 2011, 
Kolkata

25 Y.P. Singh Basic Concepts and Recent Trends in 
Temperature Metrology

2nd National Conference on Advances in 
Metrology, AdMet- 2012, February 6-8, 
2012, ARAI, Pune.
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S No Speaker’s Name Topic Event and Venue
26 Dr. S.K.Jain Developments in Force/ Torque 

Sensors and Metrology
Indo-French Seminar on Sensors 
Technologies, March 1-4, 2012, I.I.T. Delhi

27 Dr. Sanjay Yadav Pressure Balances: Theory, Practice, 
Calibration and Measurement

National Council for Cement and Building 
Materials (NCCBM), August 26, 2011 
Ballabhgarh, Haryana

28 Dr. Sanjay Yadav Principle of Pressure Measurement 
and Pressure Standards

NPL, New Delhi during Legal Metrology 
Officer’s Visit, March 6, 2012, NPL

29 Dr. Mahavir Singh Sound Transmission of a New Designed 
Lightweight Partition

National Symposium on Acoustics (NSA-
2012), Bundelkhand University, Jhansi

30 Dr. Yudhisther Kumar Ultrasonic Power Measurement and its 
Importance in Industry

National Symposium on Acoustics (NSA-
2011), November 17-19, 2011, Jhansi

31 Dr. Yudhisther Kumar Ultrasonic Non-destructive Testing and 
Evaluation of Materials

Two Day Workshop on Current Perspectives 
in Advance Material Sciences, Pt. NRS Govt. 
College, Rohtak, February 8-9, 2012

32 Dr. H.C. Kandpal
Strides Towards Classical to Quantum 
Candela

International Conference on advancement 
in metrology (AdMet- 2012), Feb. 6-8, 
2012, Pune,  India

33 Dr. H.C. Kandpal
Role of Surface Plasmons in Modulating 
Spectral and Coherence Properties

XXXVI OSI Symposium on Frontiers in 
Optics and Photonics (FOP11), IIT Delhi, 
Dec. 3-5, 2011

34 Dr. V.N. Ojha Quality Management System ‘ISO 
17025’ 

A training programme on ‘Competency 
Development for Technical Officers’ at 
CSIR-The Human Resource Development 
Centre, Ghaziabad June 20-24, 2011

35 Dr. V.N. Ojha Quality Management Systems ‘ISO 
9000’

A training programme on ‘Competency 
Development for Technical Officers’ at 
CSIR-The Human Resource Development 
Centre, Ghaziabad  June 20-24, 2011

36 Dr. V.N. Ojha Need for Nanometrology Workshop on Uncertainty in Measurement, 
Optical Profiler & Low level DC Resistance 
& Current Measurements, November  
16-18, 2011 at NPL, New Delhi.
(under Nanometrology Project)

37 Dr. V.N. Ojha Evaluation and Expression of 
Uncertainty in Measurements

Workshop on Uncertainty in Measurement, 
Optical Profiler & Low level DC Resistance 
& Current Measurements, November  
16-18, 2011 at NPL, New Delhi.
(under Nanometrology Project)

38 Dr. V.N. Ojha Low Level Voltage Measurements Workshop on Uncertainty in Measurement, 
Optical Profiler & Low level DC Resistance 
& Current Measurements, November  
16-18, 2011 at NPL, New Delhi.
(under Nanometrology Project)

39 Dr. V.N. Ojha Quality Management System ‘ISO 
17025’ 

A training programme on ‘Competency 
Development for Technical Officers’ from 
28 Nov-02 Dec, 2011 at CSIR-The Human 
Resource Development Centre, Ghaziabad.
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S No Speaker’s Name Topic Event and Venue
40 Dr. V.N. Ojha Quality Management Systems ‘ISO 

9000’
A training programme on ‘Competency 
Development for Technical Officers’ 
from 28 Nov-02 Dec, 2011 at CSIR-The 
Human Resource Development Centre, 
Ghaziabad.

41 Dr. V.N. Ojha Quantum Electrical, Nanoelectrical 
and Nanodimensional Metrology at 
NPL-I

Invited Talk at ‘Quantum Electronics and 
Photonics Division’ of NIST, Boulder, USA 
on January 17, 2012.

42 Dr. Anjana Dogra Refresher Course in Physics (RC-
239)-I

UGC-Academic Staff College, Himachal 
Pradesh University, Shimla, August 4-5, 
2011

43 Dr. Anjana Dogra Refresher Course in Physics (RC-239)-
II

UGC-Academic Staff College, Himachal 
Pradesh University, Shimla, August 4-5, 
2011

44 Dr. Ranjana Mehrotra Biomedical Plasmonics AdMet 12, PUNE
45 Dr. Ranjana Mehrotra IR Spectroscopy & Applications Biomedical Instrumentation Programme, 

CSIO, New Delhi, March 29, 2012
46 Dr. G. 

Bhagavannarayana
Crystal Growth: A Subject of Study 
and Research

Inaugural address delivered in the 
Inaugural function of a newly established 
lab “Crystal Growth and Nanosynthesis 
Research Center” on April 6, 2011

47 Dr. G. 
Bhagavannarayana

Crystal Growth and Evaluation of 
Structure and Perfection by X-ray    
Methods

Phys. Deptt., Government College (A), 
Rajahmundry, Andhra Pradesh on April 6, 
2011 on the day of Inauguration of a new 
R&D lab “Crystal Growth and Nanosynthesis 
Research Center” on April 6, 2011

48 Dr. G. 
Bhagavannarayana

Advanced Materials Characterization: 
Role of X-rays 

Physics Dept., Government College (A), 
Rajahmundry, Andhra Pradesh during Nov. 
24-25, 2011. 

49 Dr. G. 
Bhagavannarayana

Characterization of Epitaxial Films and 
their Nano-Scale Device Structures by 
High- Resolution Xrd, Gii- Xrd and 
Rsm Techniques

International Conference on Advanced 
Materials (ICAM 2011) held at Dept. 
of Phys., PSG College of Technology, 
Coimbatore during Dec. 12-16, 2011.

50 Dr. G. 
Bhagavannarayana

An Overview on X-Ray  
Characterization Techniques for Purity, 
Composition, Structure and Perfection 
including Defects & Interfaces

National Conference on Recent Advances 
in Materials and Technology (NCRAMAT 
– 2012) held at Phys. Dept., Sathyabama 
University held during Jan. 6 - 7, 2012.

51 Dr. G. 
Bhagavannarayana

Recent Advances in Materials & 
Technology

Plenary talk delivered at National 
Conference on Recent Advances in 
Materials and Technology (NCRAMAT – 
2012) held at Phys. Dept., Sathyabama 
University held during Jan. 6 - 7, 2012

52 Dr. G. 
Bhagavannarayana

Evaluation of Purity, Structure and 
Perfection of Advanced Materials by 
Advanced X-Ray Techniques

DAE-BNRS National Symposium (NLS-
20) held at Crystal Growth Center, Anna 
University, Chennai during Jan. 9-12, 2012.

53 Dr. G. 
Bhagavannarayana

Enhancement of NLO properties in 
single crystals due to additives/
dopants/ annealing and their 
correlation with crystalline perfection

A special Invited talk delivered at 
Presidency College, Chennai on Jan. 11, 
2012.
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S No Speaker’s Name Topic Event and Venue

54 Dr. G. 
Bhagavannarayana

Advanced Materials Characterization 
Techniques by X-Rays: An Overview

Invited talk delivered at Phys. Dept., 
Sree Subbaraya and Narayana College, 
Narasaraopeta, Guntur (DT), Andhra 
Pradesh, on Jan. 25, 2012

55 Dr. G. 
Bhagavannarayana

Crystal Growth and X-ray 
Characterization – An Overview

National Conference on Recent Advanced 
Materials” held during Jan. 27 & 28, 2012 
at Department of Physics, Sir C.R. Reddy 
(Autonomous) College, Eluru, Andhra 
Pradesh.

56 Dr. G. 
Bhagavannarayana

Recent Advanced Materials National Conference on Recent Advanced 
Materials” held during Jan. 27 & 28, 2012 
at Department of Physics, Sir C.R. Reddy 
(Autonomous) College, Eluru, Andhra 
Pradesh.

57 Dr. G. 
Bhagavannarayana

Crystal Growth and X-ray 
Characterization – An Overview

DAE-BRNS National Laser Symposium (NLS-
20) held at Anna University, Chennai during 
Jan. 9-12, 2012 at crystal growth centre

58 Dr. G. 
Bhagavannarayana

Enhancement of Nlo Properties in 
Single Crystals due to Additives/ 
Dopants/ Annealing and their 
Correlation with Crystalline Perfection

International Conference on      
Nanomaterials and Nanotechnology 
(ICNANO-2011),held at University of 
Delhi, Delhi during December 18-21, 2011

59 Dr. Rashmi X-ray Fluorescence Spectrometry 
for Characterization of Materials 
Applications of X-ray Fluorescence 
Spectrometry in Materials 
Characterization

Frontiers in Nanoscience,    Nanotechnology 
and Their    Applications (NanoSciTech 
2012), held at Punjab University, 
Chandigarh during February 15-18, 
2012

60 Dr. N. Vijayan Growth of Highly Perfection Single 
Crystals by Different Methods for 
Technological  Applications

National Seminar on Challenges and 
Emerging Trends in Physics (Intercollegiate 
meet on PHUSIS) during Feb. 23-24, 2012 
held at Dept. of Physics,  Dhanalakshmi 
Srinivasan college of Arts & Science for 
Women, Perambalur, Tamil Nadu.

61 Dr. S.G. Aggarwal Overlooking Aerosol Metrology: 
A Big Hole in Atmospheric Aerosol 
Measurement Studies

7th Asian Aerosol Conference, Xi’an, China, 
August 17-20, 2011

62 Dr. S.G. Aggarwal Chemical Indicators of Source 
Contributions in Indian Cities

Workshop on vehicular air pollution and its 
impact on human health (jointly organized 
by MoEF, CPCB, EPCA, ICCT), Indian Habitat 
Centre, New Delhi, India, September 1-2, 
2011

63 Dr. S.G. Aggarwal Metrology Matters more than 
Tightening of Vehicle Emission 
Regulations and Air Quality 
Standards

National Conference on Advances in 
Metrology (AdMet-2012), Pune, India, 
February 6-8, 2012

64 Dr. S.G. Aggarwal Status and Challenges in Aerosol 
Metrology

Divisional Seminar of NPL, March 12, 
2012
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� APPENDIX - 16

HUMAN RESOURCE
As on March 31, 2012

GROUP IV  GROUP II        Sub-Total : 153

Director 1  

Outstanding Scientist 1  

Chief Scientist 26 GROUP I        Sub-Total : 61

Sr. Principal Scientist 33  

Principal Scientist 25 ADMN-A 8

Sr. Scientist 31 ADMN-B 76

Scientist 48 ADMN-C 34

Jr. Scientist 15 ADMN-C (Cafeteria Staff) 8

Sub-Total : 180 ADMN-D 93

 ADMN-D (Cafeteria Staff) 7

GROUP III Sub-Total : 226

Principal Technical Officer 8 GRAND TOTAL : 756

Supt. Engg. & Asst. Engg. 4  

Sr. Technical Officer (3) 29  

Sr. Technical Officer (2) 17  

Sr. Technical Officer (1) 6  

Technical Officer 12  

Tech Asstt Gr III(2) 6  

Tech Asstt Gr III(1) 54  

Sub-Total : 136  
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SCIENTISTS AND OFFICERS AS ON 31.03.2012

Director 
Prof R C  Budhani

Physics of Energy Harvesting  
Head : Dr S T Lakshmikumar

Name Designation
Dr S T Lakshmikumar Chief Scientist
Dr Suresh Chand Chief Scientist
Dr Parakram Kumar Singh Chief Scientist
Dr Omvir Singh Panwar Chief Scientist
Dr Abdul Mobin Sr Principal Scientist
Dr S M Shivaprasad Sr Principal Scientist
Dr (Ms) Kiran Jain Sr Principal Scientist
Mr C M S Rauthan Sr Principal Scientist
Dr K M K Srivatsa Sr Principal Scientist
Mr Sudhanshu Dwivedi Principal Scientist
Dr T D Senguttuvan Principal Scientist
Dr Jeya Kumar Ramanujam Principal Scientist
Dr Shailesh Narayan Sharma Sr Scientist
Dr Sushil Kumar Sr Scientist
Dr Amish G Joshi Sr Scientist
Dr  Govind Sr Scientist
Dr (Ms) Ritu Srivastava Sr Scientist
Mr Chockalingam Sreekumar Scientist
Mr Kamlesh Patel Scientist
Dr Vinay Gupta Scientist
Ms Vandana Scientist
Dr Senthil Kumar Scientist
Mr Pankaj Kumar Scientist
Dr Mahesh Kumar Scientist
Mr Sanjay Kumar Srivastava Scientist
Dr Prabir Pal Scientist
Dr Preetam Singh Scientist
Dr Sunil Singh Kushvaha Scientist
Dr Ajay Kumar Shukla Scientist
Dr Chandra Kant Suman Scientist
Dr S Sudhakar Scientist
Dr Rajiv Kr. Singh Jr Scientist
Dr Praveen Kumar Siwach Jr Scientist
Mr Tarun Kumar Chakraborty Principal Technical Officer 
Mr Mukul Sharma Sr. Technical Officer (3)
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Name Designation
Dr Gauri Datt Sharma Sr. Technical Officer (3)
Dr V K Hans Sr. Technical Officer (3)
Mr Murari Lal Sharma Sr. Technical Officer (3)
Mr Jagdish Chand Sr. Technical Officer (2)

Material Physics and Engineering 
Head : Dr  R B  Mathur

Name Designation
Dr Rakesh Behari Mathur Chief Scientist
Dr Virendra Shanker Chief Scientist
Dr Ashok Manikrao Biradar Chief Scientist
Mr Subodh Kumar Singhal Chief Scientist
Dr R K Kotnala Chief Scientist
Dr Sunil Kumar Singhal Chief Scientist
Dr Krishan Kumar Saini Sr Principal Scientist
Dr S K Dhawan Sr Principal Scientist
Dr (Ms) Santa Chawla Sr Principal Scientist
Dr Ajay Dhar Sr Principal Scientist
Mr Sanjay Rangnate Dhakate Principal Scientist
Dr Narinder Kumar Arora Principal Scientist
Dr Rajesh Sr Scientist
Dr (Ms) Gurusharan Kaur Padam Sr Scientist
Dr Divi Haranath Sr Scientist
Mr Vipin Jain Sr Scientist
Dr Aloysius R P Sr Scientist
Dr (Ms) G Sumana Gajala Sr Scientist
Dr Dinesh Kumar Misra Sr Scientist
Dr Nirmalya Karar Scientist
Mr Bhanu Pratap Singh Scientist
Mr Parveen Saini Scientist
Dr (Ms) Nidhi Singh Scientist
Dr Ved Varun Agrawal Scientist
Mr Bathula Sivaiah Scientist
Mr M  Saravanan Scientist
Dr Gounda Abdul Basheed Scientist
Dr Bipin Kumar Gupta Jr Scientist
Ms Priyanka Heda Maheshwari Jr Scientist
Dr (Ms) Saroj Kumari Jr Scientist
Mr Rajiv Sikand Principal Technical Officer 
Mr Pinaki Ranjan Sen Gupta Sr. Technical Officer (3)
Mr Chander Kant Sr. Technical Officer (3)
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Name Designation
Mr Rakesh Khanna Sr. Technical Officer (2)
Mr Rajesh Kumar Seth Sr. Technical Officer (2)
Mr Vinod Kumar Tanwar Technical Officer
Mr Manoj Kumar Pandey Technical Officer

Radio and Atmospheric Sciences 
Head : Dr B C Arya

Name Designation
Dr Bhuwan Chandra Arya Chief Scientist
Dr M V S N Prasad Chief Scientist
Mr Pattamatta Subrahmanyam Sr Principal Scientist
Mr H K Maini Sr Principal Scientist
Mr Thomas John Sr Principal Scientist
Dr (Ms) Meena Jain Sr Principal Scientist
Dr Chhemendra Sharma Principal Scientist
Mr Randhir Singh Tanwar Principal Scientist
Dr Tuhin Mandal Principal Scientist
Dr Sachidanand Singh Principal Scientist
Dr (Ms) Monika Kulshreshta Sr Scientist
Dr Arun Kumar Upadhayaya Scientist
Mr Rupesh  M  Das Scientist
Mr Sumit Kumar Mishra Scientist
Dr Rajesh Agnihotri Scientist
Dr Kirti Soni Jr Scientist
Dr Sudhir Kumar Sharma Jr Scientist
Mr Arun Kumar Ghoghar Sr. Technical Officer (3)
Mr Shambhu Nath Sr. Technical Officer (3)
Ms Shiv Kumari Bhatia Sr. Technical Officer (3)
Ms Beena Gupta Sr. Technical Officer (3)
Mr Vinod Kumar Sharma Sr. Technical Officer (3)
Mr Man Mohan Gupta Sr. Technical Officer (3)
Mr Alok Mukherjee Technical Officer

Time and Frequency Standards 
Head : Dr A  Sengupta

Name Designation
Dr Amitava Sen Gupta Outstanding Scientist
Mr Kavindra Pant Sr Principal Scientist
Ms Arundhati Chatterjee Principal Scientist
Dr Ashish Agarwal Sr Scientist
Dr (Ms) Poonam Arora Scientist
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Name Designation
Ms Pranalee Premdas Thorat Jr Scientist
Mr Anil Kumar Suri Principal Technical Officer 

Apex Level Standards and Industrial Metrology 
Head : Dr A K Bandhyopadhyay

Name Designation
Dr Ashis Kumar Bandyopadhyay Chief Scientist
Dr Ashok Kumar Chief Scientist
Dr Hem Chandra Kandpal Chief Scientist
Dr Sushil Kumar Jain Chief Scientist
Dr Pardeep Mohan Chief Scientist
Mr Anil Kumar Govil Chief Scientist
Mr Mukesh Kumar Mittal Chief Scientist
Dr K P Chaudhary Chief Scientist
Dr Yesh Pal Singh Chief Scientist
Mr Anil Kishore Saxena Chief Scientist
Mr Anil Kumar Sr Principal Scientist
Dr Sher Singh Rajput Sr Principal Scientist
Mr H R  Singh Sr Principal Scientist
Dr (Ms) Ranjana Mehrotra Sr Principal Scientist
Mr Pramendra Singh Negi Sr Principal Scientist
Mr Joges Chandra Biswas Principal Scientist
Mr Mahavir Singh Principal Scientist
Mr D Arun Vijayakumar Principal Scientist
Mr Ajeet Singh Principal Scientist
Dr Sanjay Yadav Principal Scientist
Dr (Ms) Nita Dilawar Principal Scientist
Dr Sanjeev Sinha Principal Scientist
Dr S Seela Kumar Titus Principal Scientist
Mr Rajbeer Singh Sr Scientist
Mr M A Ansari Sr Scientist
Mr Rajesh Kumar Sr Scientist
Mr Shiv Kumar Jaiswal Sr Scientist
Mr Saood Ahmed Sr Scientist
Mr Gautam Mandal Sr Scientist
Mr Naveen  Garg Scientist
Mr Dilip Dhondiram Shivagan Scientist
Dr Parag Sharma Scientist
Mr Harish Kumar Scientist
Ms Girja Moona Jr Scientist
Mr Satish Jr Scientist
Mr Virendra Babu Principal Technical Officer 
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Name Designation
Mr Jagdish Kumar Gupta Principal Technical Officer 
Mr Gurbir Singh Principal Technical Officer 
Ms Reeta Gupta Sr. Technical Officer (3)
Dr Yudhisther Kumar Yadav Sr. Technical Officer (3)
Mr Kul Bhushan Ravat Sr. Technical Officer (3)
Mr Gurcharanjit Singh Sr. Technical Officer (3)
Mr Mohammad Saleem Sr. Technical Officer (3)
Mr Ishwar Singh Taak Sr. Technical Officer (3)
Mr Avdhesh Kumar Goel Sr. Technical Officer (2)
Mr Bhikham Singh Sr. Technical Officer (2)
Mr Mukesh Kumar Sr. Technical Officer (2)
Mr Om Prakash Sr. Technical Officer (2)
Mr K N Basavaraju Sr. Technical Officer (2)
Mr Bijendra Pal Sr. Technical Officer (2)
Mr Sudama Sr. Technical Officer (2)
Mr Mahargha Baran Das Sr. Technical Officer (1)
Dr Bharat Kumar Yadav Sr. Technical Officer (1)
Mr Harish Kumar Sr. Technical Officer (1)
Mr Sridhar Lingam Technical Officer
Mr Rasik Behari Sibal Technical Officer
Mr Virendra Kumar Gupta Technical Officer
Mr Anoop Singh Yadav Technical Officer
Mr Vikram Technical Officer

Quantum Phenomena and Applications 
Head : Dr H C  Kandpal

Name Designation
Dr H C  Kandpal Sr. Chief Scientist
Dr Vijay Narain Ojha Chief Scientist
Dr Tushya Kumar Saxena Sr Principal Scientist
Dr (Ms) P L Upadhyay Sr Principal Scientist
Dr. Vijay Kumar Gumber Sr Principal Scientist
Dr (Ms) Rina Sharma Principal Scientist
Dr Anurag Gupta Principal Scientist
Dr Hari Krishna Singh Sr Scientist
Dr Veerpal Singh Awana Sr Scientist
Ms Manju Singh Sr Scientist
Mr Virendra Kumar Jaiswal Scientist
Mr Rajendra Singh Meena Scientist
Dr (Ms) Anjana Dogra Scientist
Ms Priyanka Jain Scientist
Dr Sudhir Husale Scientist
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Name Designation
Dr Rajib Kr. Rakshit Scientist
Dr Vijay Kr. Toutam Scientist
Dr Ashok Kumar Jr Scientist
Ms Santhya Malikar Patel Jr Scientist
Ms Usha Kiran Sr. Technical Officer (1)
Ms Poonam Sethi Bist Technical Officer

Administration 
Head : Mr T V Joshua

Name Designation
Mr T V  Joshua COA
Ms Veena Jain Admn. Ofcr
Ms Manju Hindi Officer
Mr Jay Narayan Upadhyay Hindi Officer
Mr Jagan Nath Prasad Sr. Technical Officer (3)
Mr Jokhan Ram Sr. Technical Officer (2)
Mr Vikram Singh S O(G)
Ms Bhawna Guglani S O(G)
Mr Anil Kumar S O(G)
Mr S K  Yadav S O(G)
Mr Hari Narain Meena SO(G)
Mr A K Handa SO(G)
Mr Mange Ram PS
Ms Paramjit Kaur PS
Mr Amar Singh PS
Mr Ram Gopal Meena PS
Ms Saroj Gandhi PS

Finance and Accounts  
Head : Mr S K  Mehta

Name Designation
Mr S K Mehta CO (F & A )
Mr Sudipto Chaterjee F&AO
Mr Ajay Kumar S O (F&A)
Mr S K  Thakur S O (F&A)
Ms Kavita Bellani S O (F&A)
Mr R P  Meena S O (F&A)

Stores and Purchase  
Head : Mr Mukesh Khanna

Name Designation
Mr Mukesh Khanna SPO
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Name Designation
Mr Kuldeep Kaushik SPO
Mr Bhag  Singh S O (str & pur)
Mr Viney Kumar Sharma S O (str & pur)
Mr Jai Singh S O (str & pur)

WorkS and Services  
Head : Dr J C  Sharma

Name Designation
Dr Jugdish Chandra Sharma Sr Principal Scientist
Mr S K  Kushwaha Sr. Supt. Engnr.(Civil)
Mr K P S Yadav Sr. Supt. Engnr.(Elect)
Mr Deepak Bansal Sr. Technical Officer (3)
Mr Mohan Chandra Singh Sr. Technical Officer (3)
Mr Gurdeep Singh Lamba Sr. Technical Officer (2)
Mr Anand Kumar Mishra Asstt. Exe.Engineer (Civil)
Mr Rambir Singh Asstt. Engineer

Workshop 
Head : R K  Kotnala

Name Designation
Mr Srinivasan P Sr Scientist
Mr Ravi Khanna Principal Technical Officer 
Mr Jai Pal Singh Sr. Technical Officer (2)
Mr Amar Singh Sr. Technical Officer (1)

Computation and Network Facility 
Head : Dr Ravi Mehrotra

Name Designation
Dr Ravi Mehrotra Chief Scientist
Mr Ashish Ranjan Sr Scientist
Ms Deepti Chaddha Scientist
Mr Nitin Sharma Scientist
Ms Anjali Sharma Scientist
Mr Trilok Bhardwaj Jr Scientist
Mr Kanwaljit Singh Sr. Technical Officer (2)
Mr Vijay Sharma Sr. Technical Officer (2)

Directorate  
Head : Prof. R C Budhani

Name Designation
Prof R C Budhani Director
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Name Designation
Dr Godavarthi Bhagavannarayana Chief Scientist
Mr Prabhat Kumar Gupta Chief Scientist
Dr Rakesh Kumar Garg Sr Principal Scientist
Mr T Raghavendra Sr Principal Scientist
Dr (Ms) Rashmi Sr Principal Scientist
Dr Rajendra Prasad Pant Sr Principal Scientist
Dr Devinder Gupta Sr Principal Scientist
Dr Sukhvir Singh Principal Scientist
Dr (Ms) Renu Pasricha Principal Scientist
Dr Avanish K Srivastava Principal Scientist
Dr Jiji Thomas Joseph Pulikkotil Principal Scientist
Dr Kamlesh Kumar Maurya Sr Scientist
Ms Santosh Singh Sr Scientist
Dr Nahar Singh Sr Scientist
Dr (Ms) Prabha Johri Sr Scientist
Dr Shankar Gopal Aggarwal Sr Scientist
Dr Surendra Pal Singh Scientist
Dr Narayanaswamy Vijayan Scientist
Dr (Ms) Sushree Swarupa Tripathy Scientist
Dr (Ms) Daya Soni Scientist
Dr Vidya Nand Singh Scientist
Dr Manas kumar Dalai Jr Scientist
Mr Niranjan Singh Principal Technical Officer 
Mr V D Arora Sr. Technical Officer (3)
Dr (Ms) Manju Arora Sr. Technical Officer (3)
Mr Kedar Nath Sood Sr. Technical Officer (3)
Mr Rajiv Kumar Saxena Sr. Technical Officer (3)
Mr Ashok Kumar Sr. Technical Officer (3)
Ms Abha Bhatnagar Sr. Technical Officer (2)
Ms Anita Sharma Technical Officer
Dr Khem Singh Technical Officer

Intellectual Property and Human Resource  
Head : Dr Virendra Shanker

Name Designation
Dr Rajeev Chopra Sr Principal Scientist
Dr (Ms) Jyoti Lata Pandey Sr Principal Scientist
Dr D P Bhatt Sr Principal Scientist
Mr Ganga Prasad Sr Principal Scientist
Ms Indra Tiwari Sr Principal Scientist
Mr N K Wadhwa Principal Scientist
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Name Designation
Ms Anuradha Sengar Sr Scientist
Dr R G  Mathur Scientist
Mr Abhishek Sharma Jr Scientist
Mr Jagdish Prasad Sr. Technical Officer (3)
Mr Ashwani Kumar Suri Sr. Technical Officer (3)
Mr V K Ojha Sr. Technical Officer (3)
Ms Shashi Lekha Bhatnagar Sr. Technical Officer (2)
Mr Rajpal Zamaji Walke Sr. Technical Officer (1)
Ms Neetu Chandra Technical Officer
Dr P Prathap Scientist

Retired Persons

Ms Kanchan Bala, Ass(F&A) Grade II (ACP3)
Dr Gopal Bhatia, Scientist G
Dr P Banerjee, Scientist G
Dr Sita Ram Gupta, Scientist G
Dr Ms Meenakshi Kar, Scientist F
Mr Roshan Lal, Record Keeper
Mr R P Bhatnagar, Sr. Technician (2)
Mr Indra Singh Rawat, Asstt (G) Grade -1
Ms Basanti Devi, Karya Sahayak (ACP1)
Mr T Gangadharan, Asstt (G) Grade -1
Dr Desh Raj Sharma, Scientist G
Mr Raj Kumar, Sr. Technician (2)
Ms Sushila Issrani, Asst. (G) Grade II (ACP3)
Mr S Uma Maheshwar Rao, Scientist F
Mr Murari Lal Sharma, Lab Assistant
Mr S B Samanta, Principal Technical Officer 
Mr Dharam Prakash, Sr. Technician (1)
Mr Rattan Lal (Kundara), Sr. Technician (2)
Mr K L Nagarwal, Sr. Technician (2)
Ms Nirmal Pasricha, Asstt (G) Grade -1
Mr Narendra Kumar Sethi, Scientist F
Mr R K Kapoor, Sr Stenographer (ACP3)
Mr V I Jose, Asstt (G) Grade -1
Mr Karan Singh Jatav, Sr. Technician (2)
Mr Raj Kumar Verma, Sr. Technician (2)
Mr Sushil Kumar Sharma, Sr Principal Scientist
Mr M P Singh, Principal Scientist
Dr Hari Kishan, Chief Scientist
Mr Ramesh Chandra Anandani, Sr Principal Scientist
Dr M N Kamalasanan, Chief Scientist

Mr Sri Krishan, Lab Assistant
Mr Omkar Sharma, Chief Scientist
Mr Ravi Kumar Chatwal, Principal Technical Officer 
Mr Amar Singh Vats, Sr. Technician (2)
Mr Vinod Kumar, Sr. Technician (2)

Obituaries
Mr Harihar Mehto, Sr. Technician (2)
Mr Dharam Vir Singh, Sr. Technician (1)
Mr Kandhai, Lab Assistant
Mr Naseem Mohammad, Karya Sahayak
Mr Anand Singh , Karya Sahayak

Scientists Fellow & Emeritus Scientists
Prof Vikram Kumar, Consultant
Dr C P  Sharma, Emeritus Sci.
Dr Harish Chandra, Emeritus Sci.
Dr S K  Aggarwal, Emeritus Sci.
Dr S K  Haldar, Emeritus Sci.
Dr S L  Jain, Emeritus Sci.
Dr S N Singh, Emeritus Sci.
Dr Subhash Chandra, Emeritus Sci.
Dr U N Sinha, Emeritus Sci.
Mr S C  Garg, Emeritus Sci.
Dr B R  Chakraborty, Emeritus Sci.
Dr S K  Sarkar, Emeritus Sci.
Dr S K  Gupta, Emeritus Sci.
Dr V  Mohanan, Emeritus Sci.
Dr Hari Kishan, Emeritus Sci.
Dr K K  Mahajan, INSA Honorary Sci
Dr Krishan Lal, INSA Sr. Sci.
Dr Preeti Bijlani, Part time Medical Officer
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Dr S K  Joshi, Platinum Jub. Emr. Sci
Dr Gopal Bhatia, Project Adviser 
Mr R C  Anandani, Project Adviser 
Dr O P  Bahl, Project Adviser / Co-ordinator
Dr Vikram Soni, Research Sci C
Dr (Ms) Sangeeta Sahoo, Scientist Fellow
Dr. (Ms) Shubhra Kala, Scientist Fellow
Dr Prasun Ganguly, Scientist Fellow - CSIR Nehru 
Science PDR Fellowship
Dr Manju Dhakad, Scientist Fellow - CSIR Nehru 
Science PDR Fellowship
Dr Avneesh Anshul, Scientist Fellow - CSIR Nehru 
Science PDR Fellowship
Dr Rahul Singhal, Scientist Fellow - CSIR Nehru Science 
PDR Fellowship

Research Fellows / Associates / 
Interns
Ms Sweta Yadav, JRF (DST)
Mr Vijay Kumar, JRF (DST)
Ms Chanchal Gupta, JRF (NPL) Project
Ms Renchu Scaria, JRF (UGC)
Ms Harjeet Kaur, JRF(CSIR)
Ms Pratibha Goel, JRF(CSIR)
Ms Stuti Joshi, JRF(CSIR)
Mr Ashok Kumar Jangir, JRF(CSIR)
Mr PrabaI Pratap Singh Bhadauria, JRF(CSIR)
Mr Shijin Babu P., JRF(CSIR)
Mr Suraj Singh Saini, JRF(CSIR)
Mr Ajay Kumar Kesarwani, JRF(CSIR)
Mr Subhash Chandra, JRF(CSIR)
Mr Prasenjit Roy, JRF(CSIR)
Mr Pramod Kumar, JRF(CSIR)
Mr Prakash Ranjan Singh, JRF(CSIR)
Ms Shweta Agarwal, JRF(CSIR)
Mr Anuj Kumar, JRF(CSIR)
Mr Shishir Tripathi, JRF(CSIR)
Mr Shahjad, JRF(CSIR)
Mr Shashank Tripathi, JRF(CSIR)
Mr Raman M, JRF(CSIR)
Mr Nadarajah Muhunthan, JRF(UGC)
Ms Khushboo Agarwal, JRF(UGC)
Mr Atul Bist, JRF(UGC)
Mr Sudhanshu Kumar, JRF(UGC)
Ms Neelam Rani, JRF(UGC)
Ms Rekha Gupta, JRF(UGC)

Ms Neha Gupta, JRF(UGC)
Mr Vishal Bharti, JRF(UGC)
Mr Aman Bhardwaj, JRF(UGC)
Mr Ompal Singh, JRF(UGC)
Mr Akash Yadav, JRF(UGC)
Ms Savvi Mishra, JRF-DST (Proj. Asst.-II)
Ms Ankita Gaur, JRF-INSPIRE
Mr Bighnaraj Sarangi, JRF-INSPIRE
Mr Ravi Kant Tripathi, JRF-MNRE
Ms Neha Batra, JRF-MNRE
Ms Aarti Mehta, JRF-MNRE
Dr Pratima R Solanki, P.I.
Dr K K Jain, P.I. (user scheme)
Dr R  P singhal, P.I. (user scheme)
Mr Bhaskar Gahtori, P.I. Young Scientist
Dr Shilaja Pande, P.I.(WOS-A)
Ms Sonal, P.I.(WOS-A)
Ms Munu Borah, P.I.(WOS-A)
Ms Deepika Yadav, Quick Hire Scientist (Trainee)
Mr Dilip Kumar Kaushik, Quick Hire Scientist (Trainee)
Mr Aswin V., Quick Hire Scientist (Trainee)
Mr Vattikonda Bharath, Quick Hire Scientist (Trainee)
Mr Anuj Krishna, Quick Hire Scientist (Trainee)
Mr Ratneshwar Thakur, Quick Hire Scientist (Trainee)
Mr Satyendra Kumar Pandey, Quick Hire Scientist 
(Trainee)
Mr Achu Chandran, Quick Hire Scientist (Trainee)
Mr Dibyajyoti Mohanty, Quick Hire Scientist (Trainee)
Ms Indu Elizabeth, Quick Hire Scientist (Trainee)
Ms Indrani Coondoo, RA
Ms Kavita Sharma, RA
Ms. Taranuum Bano, RA
Dr (Ms) Jyoti Shah, RA
Dr. (Ms) Parul Singh, RA
Ms Nirmal Prabhakar, RA
Dr Jitender Gaur, RA
Ms Ranoo Bhargav, Res. Intern
Ms Anubha Sharma, Res. Intern
Ms Gunjan Mittal, Res. Intern
Ms Poonam Yadav, Res. Intern
Ms Anupam Shakya, Res. Intern
Mr Pradeep kumar Pandey, Res. Intern
Ms Rajni Porwal, Res. Intern
Ms Sucheta Juneja, Res. Intern
Mr Aishik Acharya, Sr. Project Fellow
Dr (Ms) Punita Singh, Sr. Res. Assoc.
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Dr (Ms) Suman, Sr. Res. Assoc.
Dr Ashok Kumar, Sr. Res. Assoc.
Dr Manoj Kumar Srivastava, Sr. Res. Assoc.
Dr. Sameer Suwan Dutt Mishra, Sr. Res. Assoc.
Dr (Ms) Amita Verma, Sr. Res. Assoc.
Mr Ranjit Kumar, SRF (CSIR)
Ms K Jayanti, SRF (CSIR)
Ms Jhuma Gope, SRF (CSIR)
Ms Renu Singh, SRF (CSIR)
Mr Monojit Chakraborty, SRF (CSIR)
Mr Vinod Kumar Chahar, SRF (CSIR)
Mr Satya Kumar Kushwaha, SRF (CSIR)
Ms Arpita Vajpayee, SRF (CSIR-UGC)
Ms Hema Bhandari, SRF (CSIR-UGC)
Mr Ravi Kant Prashad , SRF (CSIR-UGC)
Mr Umesh kumar, SRF (CSIR-UGC)
Mr Deepak Kumar Jangir, SRF (ICMR)
Mr Veeresh Kumar, SRF (UGC)
Mr Anoop Kumar S, SRF (UGC)
Mr Tilak Joshi, SRF (UGC-NPL)
Mr Ajay Kumar, SRF (UGC-NPL)
Mr Ajay Shankar, SRF(CSIR)
Mr Manish Verma, SRF(CSIR)
Mr Sandeep Kumar, SRF(CSIR)
Mr Saurabh Srivastava, SRF(CSIR)
Ms Nidhi Puri, SRF(CSIR)
Mr Kirandeep Singh, SRF(CSIR)
Mr Amit Kumar Chauhan, SRF(CSIR)
Ms Aditya Sharma, SRF(CSIR)
Ms Aneeta Kharkwal, SRF(CSIR)
Mr Kajal Kumar Dey, SRF(CSIR)
Mr Mohan Pal, SRF(CSIR)
Mr Sandeep Kumar Pundir, SRF(CSIR)
Mr Surjeet Kumar Mishra, SRF(CSIR)
Mr Manoj Kumar Srivastava, SRF(CSIR)
Mr Amit Kumar, SRF(CSIR)
Mr Anuj Kumar, SRF(CSIR)
Dr Razi Ahmad, SRF(CSIR)
Mr Md Azahar Ali, SRF(CSIR)

Mr Md Taukheer Khan, SRF(CSIR)
Ms Anu Malik, SRF(CSIR)
Ms Manisha Bajpai, SRF(CSIR)
Ms Omwati, SRF(CSIR)
Ms Prachi Joshi, SRF(CSIR)
Ms Rakhi Grover, SRF(CSIR)
Ms Sneha Yadav, SRF(CSIR)
Mr Amitava Bandhyopadhyay, SRF(CSIR)
Mr Anand Pal, SRF(CSIR)
Mr Arunandan Kumar, SRF(CSIR)
Mr Atif Khan, SRF(CSIR)
Mr Manoj kumar Patel, SRF(CSIR)
Mr Neelesh kumar Lodhi, SRF(CSIR)
Mr Pawan Kumar, SRF(CSIR)
Mr Rajesh Kumar, SRF(CSIR)
Mr Shiva Kumar Singh, SRF(CSIR)
Mr Tajendra Kumar Gupta, SRF(CSIR)
Mr Vivek Panwar, SRF(CSIR)
Mr Nitu Kumar, SRF(CSIR)
Ms Sugandha Dogra, SRF(CSIR)
Ms Deepa Joshi, SRF(CSIR)
Mr Neeraj Dwivedi, SRF(CSIR)
Ms Rajni, SRF(CSIR)
Mr Abhay D Deshmukh, SRF(EXTD.)
Mr Jagdish kumar, SRF(NET)-CSIR
Mr Purushottam Bhawre, SRF(NPL)
Ms Rachna Sharma, SRF(UGC)
Mr Jitendra Gangwar, SRF(UGC)
Ms Priyanka Tyagi, SRF-CSIR
Ms Ruchi Singh, SRF-CSIR, NPL(Project)
Ms Sonika, SRF-DBT
Ms Gunjan Tyagi, SRF-ICMR, NPL
Mr Anil Kumar, SRF-MNRE
Ms Monika Mishra, SRF-MNRE
Ms Daisy Verma, SRF-NPL (Project)
Mr Dharam Pal Singh, SRF-RGN
Ms Arti Rani, SRF-RGN
Mr Rahul Tripathi, SRF-UGC
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	 01	 Prof Ajay Kumar Sood ....  ....  ....  ....  ....  ....  ....  ....  ....  ....  ....  ....  ....  ....  ....  .... Chairman
		  Chairman
		  Division of Physical and Mathematical Sciences
		  Dept of Physics
		  Indian Institute of Science
		  BANGALORE - 560 012

	 02	 Prof Shyam Lal ....   ....   ....   ....   ....   ....   ....   ....   ....   ....   ....   ....   ....   ....   ....   ....   ....   ....   Member
		  Head	 (External)
		  Space and Atmospheric Science Division
		  Physical Research Laboratory (PRL)
		  Navarangpura
		  AHMEDABAD – 380 009

	 03	 Prof Ashutosh Sharma ....  ....  ....  ....  ....  ....  ....  ....  ....  ....  ....  ....  ....  ....  ....  ....  Member
		  Dept. of Chemical Engineering
		  Indian Institute of Technology
		  (IIT) Kanpur
		  KANPUR – 208 016

	 04	 Dr M J  Zarabi ....  . ...  . ...  . ...  . ...  . ...  . ...  . ...  . ...  . ...  . ...  . ...  . ...  . ...  . ...  . ...  . ...  . ...  . . Member
		  C – 28
		  Pamposh Enclave
		  NEW DELHI - 110 048

	 05	 Dr C S  Sundar ....  . ...  . ...  . ...  . ...  . ...  . ...  . ...  . ...  . ...  . ...  . ...  . ...  . ...  . ...  . ...  . ...  . ...  . . Member
		  Director
		  Materials Science Group
		  Indira Gandhi Centre for Atomic Research (IGCAR)
		  KALPAKKAM - 603 102

	 06	 Prof E V  Sampath Kumaran ....  . ...  . ...  . ...  . ...  . ...  . ...  . ...  . ...  . ...  . ...  . ...  . ...  . ...  . . Member
		  Dept. of Condensed Matter Physics & Materials Sciences
		  Tata Institute of Fundamental Research (TIFR)
		  Homi Bhabha Road
		  MUMBAI - 400 005

� APPENDIX-17

Members of the Research Council of CSIR-NPL
(01.04.2010 - 31.03.2013)
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	 07	 Dr Praveer  Asthana .. ..  .. ..  .. ..  .. ..  .. ..  .. ..  .. ..  .. ..  .. ..  .. ..  .. ..  .. ..  .. ..  .. ..  .. ..  .. ..  .. . Member

		  Mission Director (Nano Mission)	 (Agency Representative)

		  Department of Science and Technology (DST)

		  Technology Bhawan

		  New Mehrauli Road

		  NEW DELHI - 110 016

	 08	 Dr Pawan  Kapur ....  . ...  . ...  . ...  . ...  . ...  . ...  . ...  . ...  . ...  . ...  . ...  . ...  . ...  . ...  . ...  . ...  . . Member

		  Director	 (DG’s Nominee)

		  Central Scientific Instruments Organisation (CSIO)

		  Sector – 30

		  CHANDIGARH  - 160 030

	 09	 Prof Indranil  Manna ....  . ...  . ...  . ...  . ...  . ...  . ...  . ...  . ...  . ...  . ...  . ...  . ...  . ...  . ...  . ...  . . Member

		  Director	 (Sister Laboratory)

		  Central Glass & Ceramic Research Institute ( CGCRI)

		  196, Raja S C  Mullick Road

		  KOLKATA  -  700 032

	 10	 Dr Chandra Shekhar .. ..  .. ..  .. ..  .. ..  .. ..  .. ..  .. ..  .. ..  .. ..  .. ..  .. ..  .. ..  .. ..  .. ..  .. ..  .. ..  .. . Member

		  Director	 (Cluster Director)

		  Central Electronics Engineering Research Institute (CEERI)

		  PILANI – 333 031

	 11	 Dr Sudeep  Kumar ....  . ...  . ...  . ...  . ...  . ...  . ...  . ...  . ...  . ...  . ...  . ...  . ...  . ...  . ...  . ...  . ...  . . Member

		  Head	 (Permanent Invitee)

		  Planning & Performance Division

		  Council of Scientific & Industrial Research

		  Anusandhan Bhawan

		  2 Rafi Marg

		  NEW DELHI - 110 001

	 12	 Prof R C  Budhani ....  . ...  . ...  . ...  . ...  . ...  . ...  . ...  . ...  . ...  . ...  . ...  . ...  . ...  . ...  . ...  . ...  . . Member

		  Director

		  National Physical Laboratory

		  Dr K S  Krishnan Marg

		  NEW DELHI - 110 012

	 13	 Sh T  Raghavendra ....  ....  ....  ....  ....  ....  ....  ....  ....  ....  ....  ....  ....  ....  ....  ....  ..Non-Member

		  Head, Planning Monitoring & Evaluation Group	 Secretary

		  National Physical Laboratory

		  Dr K S  Krishnan Marg

		  NEW DELHI - 110 012
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Members of the Management Council of CSIR-Npl 
(01.01.2010 to 31.12.2011)

	 01.	 Prof. R.C. Budhani, Director	 ...	 ...	 ...	 Chairman

	 02.	 Dr. M. Senthil Kumar, Gr V(2)	 ...	 ...	 ...	 Member

	 03.	 Dr. (Ms) Nita Dilawar, Gr IV(3)	 ...	 ...	 ...	 Member

	 04.	 Dr. Ajay Dhar, Gr IV(5)	 ...	 ...	 ...	 Member

	 05.	 Dr. A. Sen Gupta, Gr IV(6)	 ...	 ...	 ...	 Member

	 06.	 Sh. Ravi Khanna, Gr.III(7)	 ...	 ...	 ...	 Member

	 07.	 Shri T. Raghavendra, Head, PME	 ...	 ...	 ...	 Member

	 08.	 Sh. S.K. Mehta, CFA	 ...	 ...	 ...	 Member

	 09.	 Dr. S. Gangopadhyay, Director, CRRI	 ...	 ...	 ...	 Member

	 10.	 Sh. T.V. Joshua, COA	 ...	 ...	 ...	 Member Secretary
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