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CS (MAIN) EXAM. 2010 

PHYSICS 
Paper II 

I C-DTN-K-QZB I 

ln;ne Allowed; Three HoursjiMaximum Marks: 300j 

INSTRUCTIONS 
Each question is printed both in Hindi and in 
English. 
Answers must be written ·in the medium· 
specified in the ａ､ｭｩｳｳｩｯｾｺ＠ Certificate issued 
to you, which must be stated clearly 011 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. 1 
and 5 which are compulsory, and any three 
of the remaining questions selecting at least 
one question from each Section. · 

The number of marks carried by each 
question is indicated at the end of the 

'question. 
Symbols/notations carry usual meaning. 

Assume suitable data if considered necessary 
and indicate the same clearly. Some constants. 
are given at the end of questions. 

uw1 if : 3fjifliif q;r ｾｩＧｩｻｬ＠ (&qtra< ｾ＠ !11('1- 'l't it; NEJR 'JT5 
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Section 'A' 

·t; (a) Derive Bohr's angular momentum quantiza-
tion condition in Bohr's atomic model from 
the concept of de Broglie waves. 10 

(b) Obtain an expression for the probability current 
for the plane wave llf(x, t) = exp[i(kx-a>t)]. 
lnterpret your result. 10 

(c) Show that the Pauli spin matrices satisfy the 
following : I 0 

2 2 2 
ax = CTy = CT z = 1 
CTxCTy = -CTyCTx = la, 
CTyGz ·= -a,ay = iax 

CTzCTx =-axaz =iay 

(d) Calculate. giving necessary steps, the radio 
frequency at which nuclear magnetic 
resonance occurs in water kept in a uniform 
magnetic field of 2·4 T. The magnetic moment 
of proton is 2·793 p.N. 10 

· (e) State and explain Franck-Condon principle.· 
Discuss its applications in molecular spectro-
scopy. 10 

(f) The normalized wave function for the electron · 
in hydrogen atom for the ground state is 

• llf(r) = (n-ag(/2 
exp(- :o] 

where a0 is the radius of the first Bohr orbit. 
Show that the most probable position of the 

. electron is a 0• · 10 
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I 
1. (<n) GiR." ;); qvuu<ftq Ｂｾ＠ 1st1 if, ｾ＠ 'ill•<'!l a<•i'f tcfit 

e <fi<>q '11 if, GiR." <fit ch1 ufl ll « "1•1 <t<1 i R-il '!Ff ｾｲｲ＠ <iT 
ｾ･ｱＢＧ＠ ＼ｓｉｍｾ＠ 1 10 

· (<:!f) fl+idi'l a(•l o/(X, t) = exp{i(kx-em)] ｾ＠ ｾ＠
g lfilct>d I mq ｾ＠ ｾ＠ ｾ＠ ai"'' Cf> 9'"TH <SI M 10( I ｾ＠
qf<UII'i ｾ＠ ｾ＠ ｈ｣ｴ＾ｉｒ＾ｉｾ＠ I - . 10 

(tr) ｾｾ＠ f.t %:J<'il 9'C!SfiUI ＳＡＱＢＧｩｾ＠ H""1RiiR<td <iT 
･ｾ＼ｓｇ＠ ct><a ｾ＠ 10 

a2 =a2 ］｡ｾ］＠ I 
ｾ＠ ' y 4 

C1xC1y =-CTyCTx =iaz 

O"yO"z = -dzCFy = iax. 
O"zO"x = -axaz = iay 

( 'ef) awr.t<r<t> 'CI <Ui'f <iT "'d I d St:(, ｾ＠ {:U:<il- "111 RJ <tiT 

qf<:<t>Wt ＼ｓｉｍｉＺＨＬｾ＠ 'R 2-4 ｔｾ＠ t:(<t>B'il'1 ;j"'<f>lll 
ｾｩｦﾫｾ＠ q li:t"l if 'ilfil<flq ;jat<ftq 3!1'11<: Eild I 
ｾ＠ I !i'RI'1 <tiT ;j"'<f>lll 3!1'1-"f 2·J93 pN ｾ＠ I 10 

('CI") !hi<t> <t>i:S'1 ru4ia ＼ｴｩｔｾ＠ <hlN!t:( ｾ＠ :ae<n1 <"l<>C 
. m <SIMI:( I atlfik'lct> ,q<ts=fi:t<SI if :aeCti at'j9A1•i'f 

'R ""'"" f <SI M 10( 1 lO 
ＨｾＩ＠ ｾ•ｗｬＢＧｾＧＱ＠ q:(ii 1"'1 if H""1d+i ｡ｴ＼ｾｾ＠ ｾ＠ fut:( ｾ＼Ｐ｜＼ｴ＼［ＺｬＧＢｬ＠

;); ｾ＠ 9BI+ilr4'l'f'd dQl 'fiWI Mklf<iiR'Id ｾ＠

vr(r) = ＨＱｲ｡ｾｴｮ＠ exp(-:o) 
ｾ＠ a0 gq'i GiR." ｃｦ＾ｾｬ＠ <fit ｾＺＺｩＧﾣＱＱ＠ t' 1 ｾｾ＠ Ff; 
ｾＧＭｦ＼ＺＺｬＧｩ＠ ＼ｦｩｴｾ＠ 9114<t> ｾｒｴ＠ a0 ｾ＠ l 10 
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2. (a) 

,. 

(b) 

• 

A system 
operator, 

ts described by the Hamiltonian 
• 

If= 
d2 

--,...+x2 
dx2 

show that the function Ax exp (- ｾ
Ｒ

Ｉ＠ is an 

etgen function of H. • Determine the 
values of H. · 

I 
E --

0 

II 

a 

etgen 
30 

X 

A stream of partic.Jes of mass M and energy 
E is directed from left to a one dimensional 

'": potential barrier as shown in the above figure. 
Set up the time-independent Schrodinger equa-
tion and obtain an expression for transmission 
probability from region I to Il. How this 
phenomenon helps in the understanding of 

. '' a-decay of nuclei ? 30 

3. (a) ·What is Zeeman effect ? How it can be 
understood on quantum mechanical basis ? 
Obtain an expression for Zeeman splitting ·of 
atomic energy levels in a magnetic field B. 

- Explain the magnetic splitting of sodium 
,. D-lines. 30 
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2. (<t>} ｾ＠ ｾ＠ ｈｫｴｒｉｒＮ＼ｾ､＠ ＥｦｩＧｉ＼ＢｃＰｾＱ＠ ＺＺｊＧ＼ｾｴ＼Ｂｬｩｩｩ＠ ｾ＠ ID"<T <tfUfd 
ｾＺ＠

dz 
H=- · +x 2 

dx2 

ＭＭｾｾｆｩ＾Ｇｨ＼Ｇｆｬ＠ Axexp(-x:) ｾｾ＠
'h<'Ft ｾ＠ H 'f>T I_ H ｾ＠ 31"N<"ll!fl fill <'I> '1101). q;r 

Ptaf<or cfi'INIQ> 1 30 ,, 

(111) ' 
I II 

E 
-·· v, 1 

0 0 X 

ｾ＼ＴＱＱＱＧＱ＠ M affi: 30"1f E ｾ＠ 'ii"n 'cfi'l- ｾ＠ l':.ll(l, ｾｦｬｬＮ＠

Fi> 304< fihsllll "lllT ｾＮ＠ ｾ＠ ｾ＠ ｾ＠ ｾ＠ ｾ＠ fihT<l' 
9t'<fl< "f( 'ficfi'l "" 1 cfl ｾ＠ , 6 'ill - Pt .,.q !fl' ...n m•R 

ｾＢＧｬ＼ｴｩＨｏｉ＠ f'!liNd cfi'IMQ; am roT ｉｾ＠ roT II <fCf> 

ｾＧ＼ｉ＠ (01 91 W <tid I ｾ＠ fuCJ; ｾ＠ ai "'1 iii "9nf ｣ｨｩｾ＠ 1:( I ｾ＠

4f<"!611 ｾ＠ ｾ＠ a-!fl<l' cit ｾｊｦｩｦｬ＼ｩ＠ if fct;'El 9Cf.R 

'EiQI<id I 'ii«lt ｾ＠ ? 30 

3. (<t>) ｾＢＱＱＧＱ＠ 9m<f "fllT tiTar ｾ＿＠ 'd6chl Ｇｍｉｾｭ＠ qjf?lcfi'll:l 
31 ru I< '1< ｾ＠ 'El"l ifll "fT 6 <tid I ｾ＠ ? "iciichl <i ｾ＠ B 

_, if 4(111"J> d>"'lf ｴｴｾＨｦ＠ ｾｾＧｩｴＧｬｬ＠ f<l4R'1 ｾ＠ fuCJ; ｾ＠
ai"'liii >m!" cfi'IN!o; I *'lBll'l ｄＭｾ＠ ｾ＠ "iciicfi'l<i 
f4q I 61 cit <A GG chi M \!; I 30 
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,----------------------------------------------------------------

. . 

(b) What is spin-orbit interaction? 

Calculate the energy shift due to spin-orbit 
interaction tenn in H-like system. Discuss the 
significance of this shift in relation to the fine 
structure of hydrogen spectral lines. 30 

4. (a) (i) Discuss occurrence of rotational energy 
levels of a diatomic molecule and show 
that the pure rotation spectrum of such a 
molecule consists of a series of equally 
spaced lines separated by a constant 
wave number difference 2 B. Write down 
the selection ｲｵｬ･ｳｾ＠ 15 

,.-

(ii) Is it possible to ·obtain pure rotational 
spectra of H 2, HF, 0 2 and NO mole-
cules? 5 

(iii) In CO molecule J = 0 ｾ＠ J = 1 line occurs 
at a frequency 1·153 x lOll Hz. Calculate 
the moment of inertia of CO molecule. 

10 

(b) What is Raman effect? How does it differ from 
Rayleigh scattering ? Explain Raman effect on 
the basis of quantum mechanical theory. 

How is Raman effect experimentally studied ? 
What are the advantages of using laser soun::es 
in the study of Raman effect ? 30 
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(lS) 9"<4SfiUI-q;m 31""ll""lfsh<tl Ｇｆｉｔｾｾ＿＠

H-9Cf>R ｾｾｩｴＬ＠ 9"<4SfiOI-Cf>&11 31"41"'4fshltl Glf ｾ＠. -
r 

Cf>RUI &'"If f<lf'<ll4'1 Cfa qf<ct>&l"l chlMl( I . 
ｾＱＱ｜ＮＺｩｬＢｬＢｬ＠ ｾｃｦｾＫｩｬ＠ mail cfi't "lRlCf> fi<"<l"ll ｾ＠ ｾ＠

it, 'W Mf'<lt4"1 ｾ＠ ｬｩｾｴＢＧ＠ "R "<l"<lf chlMl( 1 30 

. 
4. {<n) (i) f{;:q(IOfi".!Cf> 3fU! ｾｾＭＦＧＢｉｦ＠ RIG cfi't £1<!'11 

"R "<4"<4 f chi M l( aiR ＼ＺＺ＾ｮｦｾｬＨ＠ Pc!> ｾ＠ 3fU! ｾ＠ ｾ＠
ｾ＠ ｾｾＱＱ＠ it ffi<R t1(•1-fl'i?<ll aRK 2 B ｾ＠

iiT<T 'f<iif<!>d ｾ＠ ai (1(1<11 mail cfi't ｾ＠
ｾｬ＼ｬＧｩｴ＠ ｾ＠ ｾ＠ I "<44"1 f.wi ｦｦｩｒｉｾ＠ I 15 

(ii) 'FIT H 2, HF, 0 2 afR NO ｾ＠ ｾ＠ ｾ＠ <flf'11 
ｾ＠ ｾＫｩＧｩ＠ <it 9TH- <fi<'1 I fi '>I <I % ? 5 

(iii) co 3fU! it J = 0 --7 J = 1 00 3111ffi 
1·153 X 1011 Hz "R '!1\{ '"lldl ｾｉ＠ .co 3fU! 
ｾ＠ '"I "it"! 3ll'i,"f Cf;T qf{<"hl'f"l chl ｍｾ＠ I 10 

(lS) <Ill<"( 9"11"1 ｾ＠ 'FIT ｾＥ＠ ? ｾ＠ ｾ＠ gchjof"' ｾ＠

r.m "ll<i'i it fm;r ｾ＿＠ <f"li<!'"l lliP-lchlll Rt<ii:it1 ｾ＠

3ffil'R "R <IIi<"( 9 'ill <I <it til1 !1'1 I Ｇｴｩｾ＠ I 

<t<i•tm q;y Yt<il!'ict> ｾ＠ ｾ＠ fCt>e 9<hR 3fbll<tii 

fCt><tl "lid I ｾ＠ ? (l>i<"( 9'¥11<1 ｾ＠ ｾｩｴ＠ <'I'll< tt1d'f 
Cfa '.><'il '"II &I ct><fl ｾ＠ 'FIT -'FIT <'mf ｾ＠ ? 30 
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• 

Section •n• 

S. (a) Calculate the packing fraction and the binding 
16 87 . energy per nucleon for 8 0 and 38sr nuclei. 

10 

(b) Explain the reduced zone scheme of plotting the 
energy bands in solids. On the. basis of 
E vs k curve distinguish between conductors, 
semiconductors and insulators. 10 

(c) State the quantum numbers lz• Y and S for the 
uds quarks and antiquarks. Which combination 
of these leads to the formation of (i) proton and 
(ii) neutron ? 10 

(d) What ts Josephson tunneling ? Distinguish 
between a.c. and d.c. Josephson effects. ' 10 

(e) A star converts all its hydrogen to helium. 
achieving 100% helium. It then converts the 
helium to carbon via the reaction 

i ｈ･Ｋｩｈ･Ｋｩｈ･ｾ＠ ｾ Ｒ ｃＫＷﾷＲＷｍ･ｖＮ＠

The mass of the star is 5·0 x 1032 kg and it 
generates energy at the rate of 5 x 1 o30 W. How 
long will it take to convert all Helium to carbon 
at this rate ? 10 
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S. {Cfl) ｾ Ｖ Ｐ＠ afR ｾｾｓｲ＠ ｾ＠ ｾ＠ f?;ro;, !l"fu ｾ＠
H<:f<1'1 Tli<t> 3iR ｾ＠ a:;"'f q;r qf<<t><1'1 ch1PIQO 1 

10 
( 1lf) 6l fll if 3'>"1 f q ｾ＼ｩＧｩ＠ ｾ＠ <Ill"" {.q 'i cfiT <"1 't<;!>d ;:iH 

41"' '11 fq <><:: chi M l!; 1 E iii 'i 1'1 k C!9> ｾ＠ am:m: G<:' 

'ill<""' <hl, anf 'ill<""' 'hi, 3iR UfW:iT ｾ＠ ｾ＠ ｾ＠
ch1 Plq; 1 10 

( lf) rtds "'"!I Cb l aft<: !l"ffi- "1"11 Cb T ｾ＠ ｾ＠ "1"1 j c'1 fi ?<I aft 
L. Y :aft<: s q;r q;...,- ch1Plc; I "Z:'"lit> f<he fi<il"1'1 ｾ＠
ｾ＠ . 

"+.<"1B'I €'q (i) si'k'"l · :aft<: (ii) ｾ＠ 1 '1 q;r f.i >1 fo1 ?I a 1 

Ｍｾ＿＠ lO 

(<f) ｾｬａＧＫＮｦｬＧＢｬ＠ c'1<"1<fi(UI 'FIT ｾ＠ ｾ＠ ? QO. m .. 3ffi: 
oil-. m. ＢＧｩｬｾＧＫＮｦｬＧｩ＠ ｾ＠ ｾ＠ ｾ＠ ｾ＠ chlMQO t 

10 

. ( "!") QOCfl aRT . ill q <f1 fl '1 t"Cl ｾｉ＠ "<:il "1 '1 <it t;l ｈｾ＠ '1 if 
ｇｒ＼ｾｦ､｡＠ Cfl( *rr ｾ＠ 1 w Sl<t>R crQ tOO% ｾｉｒＱｬｬＧＱ＠
9W Cfl( i'taT ｾ＠ I '3tlit> ｾ＠ CfQ H"'iHR<!d 
3!tii fst>lli ｾ＠ JWf it 1?1 Hlll'l <it <t> t..Y'i if q f<:C! Rfa 
ｾｾｾＺ＠

ｾｈ･Ｋｾｈ･Ｋｾｈ･ｾ＠ ｾ Ｒ ｃＫ＠ 7·27MeV 

aR CfiT S::&:i>il'i 5·0 X }()32 kg ｾ＠ 3ffi: CfQ 

5 X 1030 w cfiT G<: it d'>"if CfiT "1'1'1 <fi(dl ｾ＠ I w 
G<: it flt<l ｾｬｈ＼ｬ＾ｩ＠ <it <t>I..Y'i if qf<:C!fda <t><<l if 

10 
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"(f) 
20K 

IOK 
+15 v 

2V + 
.J.. 

6 

Identify the above op-amp circuit. Estimate the 
net output voltage V0. · 10 

ｾ＠ (a) What are magic numbers ? Discuss shell 
structure of a nucleus. How is this model able 
to explain various properties of nuclei ? Discuss 
the limitations of this model. 25 

(b) Predict from the. single particle shell model the 
shell configuration, ground state spin and parity 
for the following nuclei : 

13 N· l70 
7 • 8 10 

(c) Explai_n parity violation in {:3-decay. Describe 
how parity violation · was experimentally 
detected in the decay of 60co. 25 

7. (a) What is nearly free electron approximation ? On 
the basis of this approximation explain the 
formation of energy bands in solids. 20 
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,_ 

20K 

10K 

2V + 
_J,. 

6 

' 
a>G< ｾ＠ Ｍｾ＠ m if op-amp qf(q:q- c6r ｱｾＧｱｬ＼ｩ＠
＼ｦｩｬｍｾ＠ t H<n'l 311\32'¥ <?1..-an _ v0 'fiT 91%<'1'1 

＼ｦｩｬｍｾ＠ I 10 

6. (<fi•) ilMct> ｾ＼ﾧ＼ｴｴｬＺｻ＠ qqr ｾ＠ ｾ＠ ? ｾ＠ c6r <intft<f. 
ｾ＼ＢＧＱＧＱＱ＠ "1<:: oqoqf ＼ｦｩｬｍｾＺ［＠ 1 <n? >Jis<'l ｾ＠ ｾ＠

ｾ＠ ｾ＠ ｾ＠ t"G<>2 ｃｦｩｾ＠ if fche 9CfiR ｾ＠ ｾｾ＠

. ｾ＠ ? ｾ＠ >!Is <'I c6r q f«t"llllaiT "1<:: ffi <fil M QO 1 25 

(lif) f.iklrnR'ld ｾ＠ ｾ＠ .fm:!:, QOct>ct q;Vr <t>11U lll'lict 

c6r ･ｾｲ＼ｾ｡ｲ＠ Ｍｾ＠ 'Cfi't:tft<f fcl;oq1e, HkiM ＳＱ｣ｴｾ•＠

9'qSf>UJ a{T< fl'ldl 'fiT '{'4f'j'll'1 Wlll<QO : 

ｾ Ｓ＠ N; ｾ Ｑ Ｐ＠ · 10 

· (<r) {J-w:r if fllltll :a<'<'i"li1 ｾ＼ＱＲ＠ <fi!MQO I ctufi1 <fiMQO 

ｾ＠ 6oeo i$' w:r if elldl :a<'<'iG'1 ｾ＠ fche 9ct>R ｾ＠

91'ilmct> ｾ＠ ｾ＠ 4'i';'q1'11 TfliT lQ'T , - - 2s 

7. (<fi) 'i'ffi9tll ＱＰ＼ｩｬｾｴｩＱ＠ emct>Gt ｾ＠ qqr atM9tll t-? ｾ＠
ｦｩｾｃｦｩＦｬ＠ i$' 31 taR "1<::, cSHil if a>»!f ｱｾｃｦｩｬ｡ｩｔ＠ i$' 
f.i>Jfot ｾ＠ f'l<>2 <filMQO 1 20 
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(b) Distinguish between Einstein and Debye 
models of specific heats of solids. Obtain an 
expression for the specific heat of a solid on the 
basis of Debve model. Discuss the results for . . 
low and high temperature ranges. 20 

(c) Distinguish between classical and quantum 
theory of paramagnetism. Explain the para-
magnetism of free electrons on the basis of 
F.. D. distribution. · 20 

8. (a) Draw a two stage RC coupled transistor 
amp litter. 

(b) 

Plot the frequency response and indicate the 
lower and upper cut off frequencies and the 
bandwidth. 30 

Give the basic structure of an-channel depletion _ . -

type MOSFET. Draw the drain current-drain -
voltage characteristics both in depletion as well 
as in enhancement modes. 15 

(c) Why NAND ·and NOR gates are called 
_ uni versa! gates ? 

Give the logic diagram, Boolean equation and 
the truth table of a NAND-gate. Design an OR 
gate using only NAND gates. 15 
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r 

' 

' 

(<;r) ＶＩｾｻＩＢ＠ <fiT ｆｲｦＮＡｾ＠ &i'9laiT ｾ＠ ＳＱＱｾ＼ＱｒｉｾＧＱ＠ afR ｾｦ｣ｬｬＡ［＠
11115<11 if> ;;itor ｾ＠ <hlN!q 1 ｾｦ｣ｬｱ＠ &1115<1 ｾ＠

amm: 'R fihm iiTr <fiT ｆｲｦＮＡｾ＠ &>Gil ｾ＠ fi'ro: ,q, ... 
lj I <i 'l <hl M q I f.i..... am: '3"""" <rr<r q '(I +11 if; fi'ro: 
<ff<olf.;'f 'R '<!'i!f 4ll Mq I 20 

(lf) ｡ｴＧＺＡＢｩＢＧｾ＼Ｇｨ＼Ｂｾ＠ <fiT M<9RiNa ai'R 'f<lio"l N4'lf<4'i ｾ＠
<il'i! ｾ＠ chlMq I ｾＮ＠ if. Gic:"l ｾ＠ 31tal< 'R 

lJffi ｾｾｃｦＤ［ＱｩＱｬＮ＠ if; 31•j';;i"''<'h<"l <it fq'S2: <hl Mo::t I 20 

8. (<f>) fGq<fl 3iR m. >j;!Ula ?iffil.'C!< ｾ＠ <'hT {'-'IIM'4 
"'1'"1 ＡｾＨＨ＠ I 

atl1 Rl ＢｬＧＡｬｦｦｩ＼ｾｴ＠ 4'1t c: <hl Dt t!. ai'R f.i""' ai'R '3"""" 
affic!> ｡ｴｴｾｒｬＧＢｬｩ＠ ai'R ｾ＠ "i{\"?t{ ｾｒ｡＠ <hlPtq 1 30 

( <;r) n-4.1 '"1<'1 ar<fl?il<r 9 C!i I< ｾ＠ '+i'h:t 'fl C: ' · <fiT ｾ＠
fi <'<!'11 ＼ｳｫｬｬｾｬＨ＠ i ｾ＠ 3f'tt BN ｾ＠ BN ｦｩｾ＠ f.l; <a;?i 
ｾｩｦ＠ ｡ｴｇ＼ｬｬｾｬ＠ am ＳＱｱ＼ｬＱｾ＠ 41.,c:at ｾ＠
<'hT {€l! M"'l Gl '11 ｾｬＨ＠ I 15 

(lf) NAND afR NOR g:Rf <it ｒｦ［ｾ＠ Cfif<OI ｾｩ｣ｦｐＭｬｃＡｩ＠ ｾ＠

ｾ＠ "ildl Ｍｾ＿＠

ｎａｎｄｾｾｾ＠ fi•td 3iR€l, '1'<'flll +l'"llC!i'<DI afR 
ｾＶＴＱＴＧＱ＠ +Jt<un 9«fd <fi'IMo::t I 4><!<1 NAND irfUifi 
'344'1•1 ｾ＠ t% OR ｾ＠ <'hT ｦｩｩＧｩｬｬｾＧＢｬ＠ dll!'< 4ilMl!; I 

15 
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Constants which may be needed 
Velocity of light in vacuum (c)= 3 x 108 ms-1 

Mass of electron (me) = 9·11 x Hr31 kg 

Charge of electron (e)= 1·602 x lo-19 C 

Specific charge of electron (;c) = 1·76 x 1011 C kg-1 

1 u = l a.m.u. = 1·6605 x Io-27 kg= 931·5 MeV 
' . 

Rest mass energy of electron ( mec2 ) ＰｾＵＱＱＰ＠ MeV 

Permittivity in free space (e0 ) = 8·8542 x 1o-12c2 N-1 m-2 
Permeability of free space (J.!o) = 4n x to-7 N A -2 
Gas constant (R) = 8·314 J mol-t K-1 

Boltzmann constant (k8 ) = 1·381 x to-23 J K-1 

Planck constant (h) = 6·626 x to-34 J s 
(tz) = 1·0546 x Io-34 J s 

Bohr magneton (J..ls} = 9·274 x Io-24 J 11 
Nuclear magneton (J.!N) = 5·051 x to-27 J 1 1 

Fine structure constant (a)= 1/137·03599 
Mass of proton (MP)-:- 1·0072766 u = 1·6726 x to-27 kg 

Mass of neutron (Mn) ｾＺｾＡＺｳ［ｾ［Ｎ ＲＷ＠ kg 

Mass of deuteron (l\1d) = 2·013553 u 

Mass of a-particle (Ma) = 4·00 1506 u 

Mass of ｾ Ｒ ｣＠ = 12·000000 u 

Mass of ｾ Ｖ Ｐ＠ = 15·994915 u 

Mass of ｾｾｓｲ＠ = 86·99999 u 

Mass of ｾｈ･］＠ 4·002603 u 

'. 
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• 

fiVI>t. i41 n...,c£T ﾷｾｦｬ＠ <i<v44irll 1ft tllifitfl t 
R'lfo ·it ｾＹｾﾫｩＭｉＧＡｔ＠ 'liT it>T (c)= 3 x 10s ms-1 

\\<"l'f?)'1 'liT \:0<1111"1 (me)= 9·ll X 1()-31 kg 

\\<"l<t;:'!'1 'liT ｾｔ＠ (e).:.. 1·602 x w-19 C 

\\H<t<;;1'1 'liT ｾｬｬＧ＼ＡＢ＠ ｾｔ＠ (;e) = 1·76x H) II C kg-1 

1 u = 1 a.m.u. = 1·6605 x 1o-27 kg= 931·5 Mc;;v 

. \\<'l'ff<l'1 <fir ｍ＼ＺｬｾｬＧｬｏｏ＠ i:O<!'ll"l ｾ＠ (mec2 ) = 0•5110 MeV 
wn ＢＧｬﾫｩｴｾｲ＠ it M>q<{'!i1<1dl (c0) = 8·8542 x w-t2 c2 N-1 m-2 

l!ffi a!l«il'lT <fir ql<'1'4dl ＨｊｌｾＩＮ＠ = 41t x to-7 N A -2 

ｾ＠ ｾ＼Ｚｩﾫｩ＠ (R) = 8·314 J moJ-1 K-1 

<il"4'¥1i1'1 ｾ＠ (k6 } = 1·381 x Io-23 J K-1 

'"<1i«i ｾ＠ (h) = 6·626 X to-34 J S 

(fi) = 1·0546 x lo-34 J s' 

｡ｩＧｴｾ＼＠ il•ili!'1'1 (JLs) = 9·274 x w-24 J 11 

'11M-All il•iii!'l'1 (JLN) = 5·051 X 1()-o-27 J il 

ｾ＠ ｾｫ＼ｩｩＧＱＱ＠ Wl<i«i (a)= 1/137·03599 
\il<!l'1 ｃｬｩｔｩＺｏ＼ＡＧｬｬＧＱﾷＨｾＩＭ 1·0072766 u = 1·67?6 x 1o-27 kg 

"'E:l"f 'liT i:O<I'i 1'1 (M
0

) = 1 •0086652 u 

= 1·6749 X 1 o-27 kg 
"l.>tc<:1'1 'liT i:O<I'll'1 (Md) = 2·013553 u 

a-q;ur «if <:.0<1'11'1 (M
0

) = 4·001506 u 

ｾ Ｒ ｣＠ 'liT <:0!1111'1 = 12·000000 u 

ｾ Ｖ ｯ＠ 'liT i:O!I'll'1 = 15·994915 u 

ｾｾ＠ Sr 'liT i:O!I'l 1'1 = 86·99999 u 

ｾｈ･＠ 'liT <:0!1111'1 = 4·002603 u 

.· 
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I C-DTN-K-QZB I 

1 'l..olfq; : 3oo 1 

ｾｬｩｔ＠

y('i/q; ｾＧＱ＠ fe;Ri/ 3i'k: aiiNfl ci/;if if '£9CIT ｾ＠ I 

ｾｲｩｦ＠ ｾ＠ dn< ｾ＠ ｾ＠ if fMz4 '::;rFt "tflfe;l{ 
Attihl ､＼Ｇｈｺ＼ｾ＠ · <>m4i mr-rr;r if Pt>211 TfllT ｾＮ＠
afk: w +m.:l171 ･ｭｾ＠ d<'H& dn<. ｾｫｦｃｦｩ＠ ｾ＠

1JW rpr <r<: aiFcnd Rfifl"! P<F.f <r<: Ph21.t "'l'it 
"tflfe;Q, 1 !Ff!?r-rr;r <r<: ;arz:Af&a 11n;zp:r ｾ＠ alf'dfht> 
3frlT Pt>m ｾ＠ if _!Mz4 1TTZ' dfH <r<: ｾ＠ 3icn 
rnff fidPI 1 

ｾＢｩＧｦ＠ ti <?-4/ 1 aft<: 5 31 Hct pf ｾ＠ I ii//Cf>l rr.trif if it 
Q('i/Cfi (qUi!] it <t>+f-it-q;1f ｾ＠ 'F("i'f "1'iCfi( Fct;'"f!l. 
ffirr ｾｲｩｦ＠ ｾ＠ dli'< <ilA!{ 1 

9 ('i/ Ch 'F?"i'f ｾ＠ a:rfiJ Chd'"i 3iCf> !IH ｾ＠ 3RT if RT:; 
1TTZ' ｾｉ＠
Ｙ＼ｩｊｃｦｩＯｾ＠ ｾ＠ W'"i/'4 ﾷ｡ｰｴｾ＠ I 

<rW 31TCf'II'Fi> ffr fit d q:t m at/ Choir ..;,. "tfl/"1 4?1 tJi lJ. 
fMT d'iCf>J Rfifrsc 4?1Al!. 1 ｾ＠ @rdCf; r;n,ff 4; 
3ffr if ..rr RT:r 1TTZ' ｾ＠ 1 

-
Note : English version of the Instructions is printed on 

the front cover of this question paper. 
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