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INSTRUCTIONS 
Each question is printed both in Hindi and in English. 
Answers must be written in the medium specified in 
the Admission Certificate issued to you, which must 
be stated clearly on the cover of the answer-book in 
the space provided for the purpose. No marks will be 
given for the answers written in a medium other than 
that specified in the Admission Certificate. 
Candidates should attempt Question Nos. I and 5 
which are compulsory, and any three of the remain-
ing questions selecting at least one question from.  
each Section. 
The number of marks carried by each quesstion is 
indicated at the end of the question. 
Symbols/Notations carry usual meanings. 
Assume suitable data if considered necessary and 
indicate the same clearly. Some constants are given at 
the end of questions. 
Important : Whenever a Question is being 
attempted, all its parts/sub-parts must be attempted 
contiguously. This means that before moving on to 
the next Question to be attempted, candidates must 
finish attempting all parts/sub-pans of the previous 
Question attempted. This is to be strictly followed. 
Pages left blank in the answer-book are to be clearly 
struck out in ink. Any answers that follow pages left 
blank may not be given credit. 
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Section 'A' 

1. (a) Use the uncertainty principle to estimate the 
ground state energy of a linear harmonic 
oscillator. 	 12 

(b) Given that cry, ay, az  are Pauli spin opera- 

tors, prove the following relationships : 

(i) sin(a., tp). aysin tg 	 6 

(ii) cos(o-, 49) = cow 

(c) Consider the one dimensional wavefunction 

Ax e-kx  (0 x 15.00; k > 0) 

(i) Calculate A so that iff(x) is normalized. 
4 

(ii) Using Schrodinger's equation find the 
potential V(x) and energy E for which 

ty(x) is an eigenfunction. (Assume that 

as x--> 	V(x)--> 0). 	 8 

(d) Sodium doublets are produced by transitions 

3 
2
/91/2  -4 3 

2
Si/2 (Di) and 

3 P3/2 	3  2S1/2
(D2). 

Calculate the Lande g-factors for these levels. 
12 
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1. ()Ift-4 strdal ?.)-- T ft iffIR--d4 aiamr nf TT 
3i1 d cb4,4 d fr7 if-W.411r Rita' wr vArTr4 
*(14tt, I 	 12 

(4) ZFT tc a,. a s.. 	trra* 9wur ticbt<cl, g, 
Cv-iki 	Rad Tit): T1- 144 ftFA7 : 
(i) (p)= a , simp 	 6 

(ii) cos(a, (p)--=cosco 	 6 

14-1 vi 	tact 7T-Riliz. 	9trr cAMH'TT 	tuc 
ftr-47 : 

tit (4= Ax  

(i) 4Rcbcirl ,fif-A A Mft w(x) 	+ttct  

e „fig 1 	 4 
(ii) 4Thirt i 94( 4 	,R  mei h4 r, 

V(x) 3117: 3 f E 	flf47, 
fAlik 	ty(x) 	:A-F44eafttrw th-41 t 
(irt9' 011;11.( ft.  .40 	---> 	v(x)-4 o). 

8 

	

(7) #frEPT f,a, 9fluJ 3 2/3112 	3 2s1/2  (DI ) 331-( 

3 -p312  --> 3 -sv2 (D2 ) gi417;e151 rsgin 
M 	<• 	Miffs g  -4;Rq)' 3T 4kw9-4 ilf-47 

12 
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(e) Why should rotational Raman spectrum show 

a separation of the first Raman line from the 

exciting line equal to 6B cm-I, while the 

separatidn between successive lines equals to 

48 cm-I, where B is the rotational constant ? 
12 

2. (a) Solve the radial part of the time-independent 

SchrOdinger equation for a hydrogen atom. 

Obtain an expression for the energy eigen- 
values. 	 45 

(b) What is the degree of degeneracy of the energy 

eigenvalues ? What happens if the spin of the 

electron is taken into account ? 	 15 

3. (a) When a nucleus with spin Z is subjected to 

magnetic field, how does the energy level split 

and what will be the energy of separation 
between any two adjacent levels ? 	20 

(b) Estimate the spin-lattice relaxation time in 
terms of transition probability for a nucleus 

with spin / = 	 20 

(c) Why should proton chemical shift in CH3CHO 
occur when it is subjected to a magnetic field ? 

20 
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(r) ft-fr wrTur 4 Tit zwIr4 e WWI ter 
'kW 4 68 cm-1  * evRick TREFK7 

fctimi 41*, Act th \Irk TV, kTfr* 	411 
titrIEEM 4B cm-1  * 	(11 t, 	B 
Picion ? 	 12 

2. (T) 	 4t4ru3 	chm-tads teart 
treilqA 	3R-14.  474 	flf--47 ,17-4f 
airweforw 41'11 	cTw 041.1,4, 	er--47 

45 

(w) swif arr4m9fTw-411,41.  e artrwaT efr err 
ta'r t ? zrft 	nwur r 971 frfriv ctql 
wrir, 	ErFew 	t ? 	 15 

3. (Wi)uTaT nwur , 	 etiti 	9-e4wz toezr 41. * 
797K7EM Kim .nc-n t, W dwif fclt fiT R4r-A-1-  
ftner tar t 	 t\-14 41-4 
lityymk le d.)AfeTi1411 ? 	 20 

(9) mar I =4 al 	9TRTW *IF% elsb+lul 9i qcbcf1 

	

fri 4 mishumlocb fia. <rod 	a1r*94 
*AR I 	 20 

('r) 74 CH3CHO t tag' OW *TMMITIW 

wrd-r t, TA.  ,Iti4 	*RI 	igrich 	chtl 
wrcur Erfea- 	 ? 	 20 
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4. (a) What will happen to the energy level of an 
unpaired electron when subjected to an 
external magnetic field ? Find the condition 
for electron spin resonance. 	 20 

(b) Describe the vibration-rotation spectra of a 
polyatomic linear molecule. What are I', Q 

and R branches ? Draw rotational energy levels 
of the vibrational states v = 0 and v = 1 and 
perpendicular vibrational-rotational transitions 
of a linear polyatomic molecule. 	40 

Section 'B' 

5. (a) Determine from the given data whether the 
following reactions are exothermic or endo-
thermic : 

(i) 
1 H+3H--42H+2H 

(ii) 12C+12C-420Ne+ 4He 6 	6 	10 	2 
12 

(b) Calculate the recoil energy of z6  Fe nucleus 

when it emits a gamma photon of energy 
14 keV. 	 12 

(c) Which of the following reactions are,  permitted 

or forbidden by various conservation laws ? 

(i) p A°+rt° 

(ii) k4  +n I+  Fe 
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4. () fiTif ,sfirlikar4n"17 	artgy 4-44?Szt a'st 
WIT \rim, 9 Jei4. th,TIF 	zR  air 
	OTT ? 	siT47f :err 

117:74 frr-q7 I 	 20 

(4) wv-(-4-r7 Wq-4.; aril ci,4.1-77f9' *TO' wr 
a~tti frE77, I P, Q 41-K R 7T7t Tr{ 	t ? 
Ift4T 000-0 	47 	afreLrpff v = 0 
afrc v = 1 At< 	(4,1 *919-T-701-4 WPTet 714 
SIA 	Fre: 	c4.1 TTII I 	 40 

WT `71' 

5. (T) 	 31[451 	frafter 	fr P14- 	1IM kact  
3r 	3t1ITZ~ 4~ La fr 5.iu-114til : 

(0 

162c+162c-9,20°Ne+24He 	 12 

(4) 74 376  Fe 9117T th,rif 14 keV 	441 caZT9' 
3cT-4-9. 	 75,m( 47r 4,ag4.1 	

7 i 	 12 

(ii) c1/24-11;,Rict 4 4 41F-4,1d Th-  ariewnt WIT5r 
t4-Tor fir:  T-Ts 	qt tiff ? 

(i) k 	p --> /1°+7r" 

(ii) k 4  + n 
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(iii) rz + p—> k-+ 

(iv) II 	n--> k++ 

(v) zt + 	A° + k° 

(vi) TC 	p —> k+  +E 
	

12 

(d) Metallic iron undergoes a structural phase 
transition from bcc to fcc at 910°C. At this 
temperature, the atomic radii of iron atoms in 
the bcc and fcc structures are 0.126 x 10-9  m 

and 0.129 x 10-9  m respectively. Calculate the 
volume change in percentage during this 
structural change. 	 12 

(e) What are the rules followed in biasing a 
bipolar junction transistor when it is used as 
an amplifier ? Show how n-p-n and p-n-p 
transistors to be used as an amplifier are biased 
and the direction of flow of base, collector and 
emitter currents. 	 12 

6. (a) Write down the Bethe-Weizsacker semiempiri-
cal mass formula for a nucleus. Explain the 
significance of each term occurring in it. 
Discuss the stability of a nucleus against 

0-decay. What is the effect of pairing term on 

stability ? 	 45 
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(iii) + p-* k + I+  

(iv) 7r + + 	k++ A° 

(v) 7r -  + p-3 A° + k° 

(vi) Tr -+ 	k+  +E 
	

12 

(Er) th-R-T 0 4 910°C W bcc fcc titaHlcHm 

tiviar 	 t I @tI c114 TC, (1.* ITTMlijaiN 

bcc 	fcc 	r311 kER-3:7-S--- 	5bior: 

0.126 x 10-9  m 311T 0129 x 10-9  m i)c-n I Tfl" 

tit-4,1101=h I1koljr1 	q1k1,1, 91731(1(11 	31-Rra-9-  

Eft -4ff wr EriTT-ff9-  afrg I 	 12 

(3) WA-  Wigt 	cjiiied.* Tr vati-- 	(-LI ‘(71-rirff 

REF \Midi t, tits! 3-4 Wzfri#1 fihri R74-4ff 

Err-ff9-  R-zrr 	 t ? 747 FT WITIT n 4 

7711:1-7 R-7WiI <0 n-p-n 311T p-n-p tit-e/ 

cuqtr ft -7r  	arrtrrT, 

ti9104) 31-1( dcktirch um* it Rur qtr wa1 	W I 

12 

6. (T) 9T5TT   44-aiz,Ft ch* 3rd-3

5°44 4111  chltd-i k*I \3t14 3 	alt 7c4T 

trrftweErwe1 	rnl N-EQ-F-A7 r 0-wr 

9frev 4 9-6.1-T 	Lqrfrf Err -cif firftg 

TETTF49- ER ti(riThra r otql 74-7q 	t ? 	45 
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(b) What are mirror nuclei ? How does the charge 
independence of nuclear force emerge from 
this concept ? 	 15 

7. (a) Starting from an expression for the group 
velocity, arrive at an expression for the effec-
tive mass of an electron in a semiconductor. 
Explain the significance of sign of the effective 
mass. 	 30 

(b) (i) Classify diamagnetic, paramagnetic and 
ferromagnetic materials in terms of their 

magnetic susceptibility (v'). Plot and 
1 

explain the variation of — with tempera-

ture for the three materials. 	15 

(ii) Explain the variation of magnetisation 
of a type-I and type-II superconductors 
as a function of applied Magnetic field. 

15 

8. (a) Construct an operational amplifier based 
analog computer to solve the differential 
equation 

d2v dv 
—+ =0 . 

dt 
30 
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(4) *r *tail *tit 	? f(Pr 4?41-fr T7iii4zr 

49 4 914v.  tirkm 	3*17 	ctri!, 31161 

? 	 is 

7. (W) tv-0 kri f417. 17EF °Li 314 45 V*, dT t- dIM4"+ 

4 TA.-404 	ge4r41 71.7-444(19. 	arif- 

itr47 I9r4frit 7,8q414 f*,1 Tires V Fre 

347 I 	 30 

(w) 	I-4-Rgr 	(v/) 	 `44,1?-4 

9-19714-;-3--4, 	4P:*F---74-444 

i.Ttcu1 4E97 I 	1 q7,1-101'*,C-Tc7, 9T4 

— 	*774 T1 -3t1RT9.  3117 FrE.  

4197 I 	 15 

(ii) arWE t 	try wa-ii Ait 

9Th1T-I 	14 chg -II 4P141,14:1 	4479-  

ftf4i--,44-1-  4 e4e 41w; S 	 15 

8. (c) rRit 4,4 3144+H itiftV7IT ai i-,74 a,(4 	fzi7 

ti 51,41cl-141 74E1* at1fflit7 WATS 47cireft 	4.4,11 

d2  v dv 
- — 2v =rl. 

dt2  
30 
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(b) Explain the race problem encountgred in an 
RS latch and how it can be avoided. Build 
a Mod-10 counter using JK flip-flops and 
explain its working. 	 30 
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(•) ant csn. N.  4 	 airk aimfl k-fr 	 

* 	%-4 	tichdl ‘9" 

ftr-47 11K Iry-? TexTT4 ch< 	r 

4t -10 411Zpi IT Rrriur Alf-47 I 	 30 
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Constants which may be needed 

Velocity of light in vacuum (c) = 3 x 108  mr1  

Mass of electron (me) = 9-11 x 10-31  kg 

Charge of electron (e) = 1.602 x 10-19 C 

Specific charge of electron e 
	

= 1.76 x 10" C kg-1  
m, 

a.m.u. = 1.6605 x 10-27  kg = 931.5 MeV 

Rest mass energy of electron (mec2) = 0-5110 MeV 

Permittivity in free space (en) = 8.8542 x 10-12  C2N-1m2  

Permeability of free space (ao)-= 4r x 10-7  N A-2  

Gas constant (R) = 8.314 J mot-1  K -1  

Boltzmann constant (k B) = 1.381 x 10-23 J K-1  

Planck constant (h) = 6.626 x 10-34  J s 
) 	1-0546 )< 10 34 J s 

Bohr magneton (p H) = 9.274 x 10-24  J T-1  

Nuclear magneton (it). 5.051 x 10-27  J T-1  

Fine structure constant (a) = 1/137.03599 

Mass of proton (Mr) = 1-0072766 u = 1.6726 x 10-27  kg 

Mass of neutron (M.) = 1.0086652 u 
= 1.6749 x 10-27  kg 

Mass of deuteron (Md) = 2-013553 u 

Mass of u-particle 	= 4.001506 u 

Mass of 
12

C = P.000000 u • 

Mass of 
16
8 	= 15.994915 u 

Mass of 
87 

Sr= 86.99999 u 38 	- 

Mass of He = 4.002603 u 
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i*MTEE ,smcP arrentrarer weft. * 
19,114 Wr3T EFT 41T (c) = 3 x 108  ms-1  

. 10'4+114 (Me) = 9.11 x 10-31  kg 

..t 4;111 	4*W (e) = •602 x 10-19  C 

71 	 ( -4-47,r4 TT NfiTE 311-4T --2--) = 1.76 x 1011 C kg-1  
m 

1 u e 1 a.tn.u. = 1.6605 x 10-27  kg = 931.5 MeV 

	

c.:ictr, 	4 *t fau 	liar TT sw 	114 iwlf(mec2). 0-5110 MeV 

	

31TTPT 1 fi 311eici 	I (CO) = 8.8542 x 10-12  C2N-1m2  

TFT -scrar A 414,11144d! 0/0)= 47c x 	N A-2  

41,TTNTT-T (R) = 8-314 J mot-1r' 

ent.A4-t 1R (1(.0= 1381 x 10-23  J 1C-1  

*-TWeFt-T 	(h) = 6.626 x 10-34  J is 

(h ) 1-0546 x 10-34  J s 

(p) 9.274 x 10-24  J T-1  

9TE4Ta7 	(p s ) = 5•051 x 10-27  T-1  

F(7 Otawr T (a) = 1/137-03599 

1.41dIrt TT .-:0-11-114 (Me) = 1.0072766 u = 1-6726 x 10'27  kg 

	

.M 	4=4-1 4114 (R) = 1.0086652 u 
= 1.6749 x 1027  kg 

717549.  TT r,44+11.1 (Mu) = 2.013553 u 

cc-TTTTI,I=41.1R (Ma) = 4.001506 u 

12 
6  C 	r8•Hilef = 12.000000 u 

8 0 w 	1414 = 15-994915 u 

87 
Sr TT Ta13/414 = 86.99999 u 38 ' 

4 
He TT 50LPT14 	= 44302603 u 

16 
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31-13/44T 

91"R. f.ql 3/fr 34* Orli i gr:ri-  (.4 
sr-sal arl< art MEW! if ci4 4/4 wrie7, fl ffc-FT 
ar-Frk 9W-77 azu qzu e-, arfr 	7,17P-iq 	ti-ve 
34(Ef .irt<-7FIW 	ca-  347 Mffer rarr7 crc 
Pzbeit WIRT Wr-67 I OW-9W crt-  drc:W4ci 7Tszr7 
arlem 3r7r RA-  TrrszuT if AA-  ,Irt< tR 	317" rt6 .  
PTO I 
9WU1WTI 3r1r5 311h4711 414 .W9-7##.74W7u3 

	

wv-4-T-7 	n tich< 	.sal artt 
4c 

g64- asa C.fTh-z:ff 	a 3r -  Rat 71 
gthw/FikaTeR-  efiffirq a ff 
zraarrarvim- A*utrg314-sim-r-evirt etP-47721T., 
/WE etr-47-I r  Prdw9-k:1- 3i-d-  an-  fyr7-  
trearrernekn-*I;bril 	sp7m-r37-(ttei, Ra.  
3Fr apt k Fr* irm-Yhtr-w-pri: i rer Frar-Fmr 
war snif rtg et am* srs7 rer fatepl 
arrk Tif fitu* StVW Freft STFTY/37- WM): * re-( 
FirmetSr 	wr eta arrur 41-47 
3u-cyfirm-r4ffa- orprIeF770- 71t-iferr# 
wrz41<itell0- r.w44- sitqfrtr,irt<II- siw7 
a 	, Lfft 	flchd/ t / 

Note : English version of the Instructions is printed on 
the front cover of this question paper 
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