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TG geE Aaai
ST FT GSTAT 9.11 x 10 3kg
oiF BTaE 6.63 X 107%4] sec
ST &Y 3T 1.6 x10°C
Srecaa Tgars 1.38 x 10723] /K
TERTRr T 39T 3.0 X 108m/sec

1ex 101y

1.67 x 107%7kg

6.67 x 10"1*Nm?kg~2
Reast Faas 1.097 x 107m™?

HTETE HEr 6.023 x 10*3mole™?

8.854 x 107 *?Fm™?
47 x 107"Hm™?
A s T 8.314JK mole™!

USEFUL FUNDAMAENTAL CONSTANTS

Mass of electron 9.11 x 107 3%kg
Planck's constant 6.63 X 10734] sec
Charge of electron 1.6 10713C
Boltzmann constant 1.38 x 10723J /K
Velocity of Light 3.0 x 10®m/sec
1.6 x 10719

1.67 x 10~2"kg

6.67 X 10" **Nm?kg~3

Rydberg constant 1.097 x 107m™?
Avogadro's number 6.022 X 10%3mole~?
8.854 x 107 12Fm™!

4w x 107"Hm™?

Molar Gas constant 8.314/K *mole™?



4
LIST OF THE ATOMIC WEIGHTS OF THE ELEMENTS

Element Symbol Atomic Atomic Element Symbol Atomic Atomic
Number Weight Number Weight
Aclinium Ac 89 (227) Mercury Hg 80 200.59
Aluminium Al 13 26.98 Molybdenum Mo 42 85.94
Americium Am 95 (243) Neodymium Nd 60 144,24
Antimony Sb 51 121.75 Neon Ne 10 20183
Argon Ar 18 39.948 Neptunium Np 93 (237)
Arsenic As 33 74.92 Nickel Ni 28 58.71
Astatine At 85 (210) Niobium Nb 41 92.91
Barium Ba 56 137.34 Nitrogen N 7 14.007
Berkelium Bk 97 (249) Naobelium No 102 (253)
Beryllium Be 4 9.012 Osmium Os 76 190.2
Bismuth Bi 83 208.98 Oxygen o 8 15.9994
Boron B 5 10.81 Palladium Pd 46 106.4
Bromine Br 35 79.909 Phosphorus P 15 30.974
Cadmium Cd 48 112.40 Platinum Pt 78 195.09
Calcium Ca 20 40.08 Plutonium Pu 94 (242)
Californium Cf 98 (251) Polonium Po 84 (210)
Carbon c 6 12.011 Potassium K 19 39.102
Cerium Ce 58 140.12 Praseodymium Pr 59 140.91
Cesium Cs 55 132.91 Promethium Pm 61 (147)
ChloﬂrI\e a 17 35.453 Protactinium Pa 91 (231)
Chromium Cr 24 52.00 Radium Ra 88 (226)
) - A o s e
. ) Rhenium Re £ 186.23
" on a9 @) Rhodium Rh a5 102.91
D‘ySproslum Dy 66 162.50 Rubidium Rb 37 85.47
o o @ e Ruenum i “ oty
Europium Eu 63 151 96 Samar.i o A e 190,06
Fermium Fm 100 (253) Scandium Sc 21 44,96
Fluorine v 9 19.00 S.a'ienium Se 34 78.96
Francium Fr 87 (223) :;:f;" i'g :; 1052’33
Gadolinium Gd 64 157.25 )
Gallium Ga 31 69.72  Sodium i " e
Germanium Ge 32 7259  Strontum <k 98 87.62
Gold i 79 196.97 Sulfur S 16 32.064
Hafnium Hf 72 178.49 Tantalum Ta 73 180.95
Hsirin He 2 4.003 Technetium Te 43 (99)
Holmium Ho 67 164.93 Tellurium Te 52 127.60
Hiiamn H 1 1.0080 Terbium Tb 65 158.92
Indium In 49 11482  Thalium m &1 sl
lodine I 53 126.90 Thorium Th 90 232.04
Iridium Ir 77 1822 Thulium Tm 69 168.93
Iron Fe 26 55.85 Tin Sn 50 118.69
Krypton Kr 36 83.80 Titanium Ti 22 47.90
Lanthanum La 57 138.91 Tungsten w 74 183.85
Lawrencium Lr 103 (257) Uranium U 92 238.03
Lead Pb 82 207.19 Vanadium \% 23 50,94
Lithium Li 3 6.939 Xenon Xe 54 131.30
Lutetium Lu 71 174.97 Ytterbium Yb 70 173.04
Magnesium Mg 12 24312 Yttrium Y 39 88.91
Manganese Mn 25 54.94 Zinc Zn 30 65.37
Mendelevium Md 101 (256) Zirconium Zr 40 81.22

*Based on mass of C'? at 12.000.. . The ratio of these weights of those on

natural isotopic composition was assigned a mass of 16.0000...) is 1.00005

stable known isotopes.)

the order chemical scale (in which oxygen of
0. (Values in parentheses represent the most
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T fFd w1 FwaEs dew v O
Mot & gfawa » AT & o & Rar
TG ¢l TF IUR ACURA SSARNY Ao
*mammmnmmmﬁm’rga
HHaT &l

(a) IR TE AAEH ACAEA Aol o &

@ AT & O A e
Coi|

(b) &F 9 &t # aF AFEED Y A=
qAE |

(c) O 15F=T & ag eIy FLawEa
ST AT § |

(d) aF F AR 14 AR o
T B

m H FT AT &7

| TR - 2. 24

80120 4. 38

Lunch-dinner pattern of a person for m days

is given below. He has a choice of a VEG or

a NON-VEG meal for his lunch/dinner

(a) If he takes a NON-VEG lunch, he will
have only VEG for dinner

(b) He takes NON-VEG dinner for exactly
9 days

(c) He takes VEG lunch for exactly 15
days

(d) He takes a total of 14 NON-VEG meals

What is m?

| S | 2. 24
3. 20 4, 38

2. 60TW 40 T, wfy g fr aifggt & @rr 2

mwwﬂmmﬁﬁlwaﬁ

wﬁa#m#q&tém#m
a®, I A et w70 e ufy 6
#r afy & 35 W ¥ 1 30 e A e
I TS § q awg q-gT o omen ¥

2.

T B F 95 avg W RS T g T
&

1. 50 2. 45T

3. 35fR.A 4, 10fRA

Two locomotives are running towards each
other with speeds of 60 and 40 km/h, An object
keeps on flying to and fro from the front tip of
one locomotive to the front tip of the other with
a speed of 70 km/h. After 30 minutes, the two
locomotives collide and the object is crushed.
What distance did the object cover before being
crushed?

1. 50km 2. 45km
3. 35km 4. 10km
doar Bt F gean agd qad SN &,

o % FR S T Mer s § o
IEROF T @ T T Y F GoqATA

l. 38F A qF FY F WK ¢l

2. 3H% WG & Ieqa H ¥

3. 3H6 s & g 7§

4. 3UE Fag SIBA & IHeqd H

A sphere is made up of very thin concentric
shells of increasing radii (leaving no gaps). The
mass of an arbitrarily chosen shell is

1. equal to the mass of the preceding shell

2. proportional to its volume

3. proportional to its radius

4. proportional to its surface area

ATl e H @rat:

A 2 Q E

R
&)
o0



6.

Find the missing letter:

A s Q E
B M S C
E K U A
G I w X
L 2. Q
3. N 4. O

wwﬁaa‘raﬁaﬁﬁﬁwm‘rm
1035/- 3 =ar ¥ ggar I& # @ 10%
Eﬁrmﬁfmm%mnqaﬁﬁls%w
A | 3WE Fo A/ F AT
&7
l. 5% @TH
2. < 1%
3. <1%G@rfer
4. @ gIf ar omer A

A person sells two objects at Rs.1035/-
each. On the first object he suffers a loss
of 10% while on the second he gains 15%.
What is his net loss/gain percentage?

l. 5% gain

2. <1% gain

3. <1% loss

4. no loss, no gain

& dF UF Aol g Fwe ¥
1600 &aAt & fov w@r wr fdy
AT G Fe g, e s sisd
T | FUA 1000~ F AV F ggd 400

&t & greq sarer gen w9
1. 250 2. 183
3 148 4. 190

A bank offers a scheme wherein deposits

. made for 1600 days are doubled in value,

the interest being compounded daily. The
interest accrued on a deposit of Rs.1000/-
over the first 400 days would be Rs.
1. 250 2. 183
3. 148 4. 190

7. TR ST AUy W W egeaw

wmaﬁa%|mmﬂag;ﬁ
AT @A qETqr

L 122@0F §, 3 # & gt & @

2. 11 @5 ¢, 3 & an o=t & @
3. 11 230% § 3 & &= ==t & @y
4. 12 Z@UF § I X AN et & wn)

The least significant bit of an 8-bit binary
number is zero. A binary number whose value
is 8 times the previous number has

I. 12 bits ending with three zeros

2. 11 bits ending with four zeros

3. 11 bits ending with three zeros

4. 12 bits ending with four zeroes

IGe= IHTshA A Tl WEET Far &
2,3,4,7,6,11,8,15. 10 ...

E 2 2. 13
3 17 4. 19

What is the next number of the following

sequence?
2,3,4,7,6,11,8,15,10 ...

L. 12 2. 13
3. 17 4, 19

forelr @ aToTEE & Rafiat # @ 200 et
B & UF WS & e A uy | sedor
aﬁﬁ#:qa‘zmtqum#i&amﬁmﬁm’r
A A 20%AR TR ¥ | s85% @ IR 16
forendlf SIS §, o aremmE # T e

GICIER TS 1 §15"7
I. 32 2. 64
3. 25 4. 100

20% of students of a particular course get jobs
within one year of passing. 20% of the
remaining students get jobs by the end of
second year of passing. If 16 students are still

jobless, how many students had passed the

course?
l.- 32 2. 64
3. 128§ 4, 100



10.

10.

11

11.

T JTur 93 d2 F U hE o UF
TR NN &@ & A€ vd v} 3ue
Ot & @I O avE gAmr o ¥ ) A

X H 9o Tl T IEA &
I 1 21
3.0 193 4. 14

A rectangle of length d and breadth d/2 is
revolved once completely around its length
and once around its breadth. The ratio of
volumes swept in the two cases is
| B )| Dot
3. 3 4. 14

= ey & R s & Rt
asl # AT 399 QAT mw ¥ o aR
IR IR @R awt # gweor @ s
T g AT AT H Iwad F Ay W
TEROT GfcRIT FgAdH AT

prey i
350 -
= 250 +
x L l’sl T (z00+
200 {150+ 5
150 50 {100+
100 s0)
2 | b
2000 2001 2002 2003
1. 2000 2. 2001
3. 2002 4, 2003

Average yield of a product in different years
is shown in the histogram. If the vertical bars
indicate variability during the year, then
during which year was the percent variability
over the average of that year the least?

oy
350
300 (250 +
20 75 (200 +
200 | (1501 3|
150 50 {100 ¢
100 50
4 b
2000 2001 2002 2003
1. 2000 2. 2001
3. 2002 4. 2003

U oel 93 U T 9T S R a9
aﬂam%lwﬁmaﬁmﬁgﬁ,

12.

13.

aur @l A 9 F e Y aifae W

T 0 WEH WA A gy, wF R AR &
WY HETT & | AR Bt # a%d g
f e Z Aok Bewma Re

B 9 & AR fraar gHg wEem

i

1. V2 B=se 2.
3. 22 fR+e 4,

pRr-r
4 @Aee

A long ribbon is wound around a spool up to
a radius R. Holding the tip of the ribbon, a
boy runs away from the spool with a constant
speed maintaining the unwound portion of
the ribbon horizontal. In 4 minutes, the radius

of the wound portion becomes %. In what
further time, it will become R/2?

%)

| 8 ﬁmin 2.
3. 2vZ2min 4.

2 min
4 min

3 Ay # ity = &, s @ o dan
W@ g E | WG F Ful qur el oR
ATd B ¥ 3ifeha € | 3TUR B ®Y&Har &, a
ST & Fedfeg ¢ PRa g Farar ©

A

U&h Waad
U o & AT
ue Hrefr @

_.b-bJM—-



13.

14

14.

15,

15.

16.

A ladder rests against a wall as shown. The
top and the bottom ends of the ladder are
marked A and B. The base B slips. The

central point C of the ladder falls along 16.

A

B
a parabola

a straight line
a hyperbola

defoT # qRve-sH¥T &R (1 +x) =
+ apx+ a;x2+.....+a,,r”, BT ap, ey 0 O%
R feaves a' | AETEE ata ta+... +

PN~

a, FT &7
1. 27 2. W
3. 4., n+n

Binomial theorem in algebra gives (1 + x)" =

ap + apxt ax’+....+ax", where aq, ai..... 17.

a, are constants depending on #. What is the
sumagta +a+....+a,?

. 2" 2. n

3. 4., n+n
HhRA F T I

2,5,10, 17,28, 41, -, —- =

1. 58,77, 100 2. 64,381,100
3. 43,47,53 4. 55,89,113

18.

Continue the sequence
2,5,10,17,28, 41, -, -, -

1. 58,77,100 2.
3. 43,47,53 4

U Feo@ # Hfwaw o wdwe ()
IR, TUT 3HF a5 FFaIH IR TEGH
IF AT § | Teorw & w7 @ I
HER TS UF 3 FT g & & | 3w
AR Za%F, U 1@ 9 aF & 39anT ¥
el qus Feow s o wE

64, 81, 100
35, 89,113

the arc of a circle 17

1148
2574

l. 936 2.
3. 1872 4,

A code consists of at most two identical
letters followed by at most four identical
digits. The code must have at least one letter
and one digit. How many distinct codes can
be generated using letters A to Z and digits |
to 97

1. 936 2
3. 1872 4.

1148
2574

ar oY F AT A 100°7. dF INH FF 52
R F o o Rar arar ¢ | 3% ¥ o
m%m#mqmmﬁm
A g A FiF-ar M ged gge FER-aT
(m)aawg'%vm

l. &3 e

2. BIET Mer

3. Q& MY TF |qIYy

4. IYE FAT-AT UT AT g |

Two solid iron spheres are heated to 100°C
and then allowed to cool. One has the size of
a football; the other has the size of a pea.
Which  sphere will attain the room
temperature (constant) first?

1. The bigger sphere

2. The smaller sphere

3. Both spheres will take the same time

4. It will depend on the room temperature

13afFaat & a9 (FFam) & 99 gy m
gl

70,72, 74, 76, 78, 80, 82, 84, 86, 88, 90, 92, 94

- ar IR =¥, OmE aoe 100 R gur

79 fRam. € wop # wfde @ € @
H ATET T34 a1 ¥ ol &
1. ofFam 2.
3. lefFam 4,

| 7
1.8 %_.m

Weights (in kg) of 13 persons are given
below:

70, 72, 74, 76, 78, 80, 82, 84, 86. 88. 90, 92.
94



19.

19.

20.

20.

21.

9

Two new persons having weights 100 kg and 21.

79 kg join the group. The average weight of
the group increases by

I. Okg 2, lkg

3. lékg 4. 1.8kg

I nUF uw QO §, A
n(nt1)(n+2)(n+3)(nt4)(n+5)(n+6)
fraraer &
39 @fehe 7 & TS

3FR7 ¥ 22.

1

2,

3. 7% ofFa 3 ¥ A8
4, A3/ A7 W

If n is a positive integer, then
n(n+1)(nt2)(n+3)(n+4)(nt5)(n+6)

is divisible by

1. 3 butnot?

2. 3and7

3. 7butnot3

4. neither 3 nor 7

TR 50 A, 120 AL U 130 AL & T

i seare @ eaee @ A My 2

1. 3000 2. 3250
3. 5550 4, 7800

The area (in m’) of a triangular park of
dimensions 50 m, 120 m and 130 m is

1. 3000 2. 3250

3. 3550 4. 7800

AT 9" / PART 'B’

A= & 7 RRE amer # R Rg &

23.

ufy afey = @fdse awar &, aur r = 7).
ar
1. V.-¥=0and VXF=7/r

Aty 23.
2. V-¥r=0and Vr=0
3. V-F=3and V3F =F/r?
4. V-¥=3 and VxF=0

Let T denote the position vector of any point
in three-dimensional space, and r = |F|.
Then :

and VXF=F/r

1. V.r=0

2. V-F=0and V2r=0
3. V-¥=3and V?F =7/r?
4, V.-F=3and VX7=0

_ a (o |

mer(b).z&m(o i o)mrrs:
a 10D

0 1%

(1 0 1)a='r=z'~'|*~17-r~1 T HTReaTioes A §

; e O 1

afe

. b=0Ta=0

b=a ATb = -2a

b=2a Ab= —a

b=a/2 ATb = —a/2

AN

a

The column vector (b) is a simultaneous
a

001
eigenvectorofA={0 1 0]andB =

G R )
o |
(1 0 1)if
i+ 1 0

1 b=0ora=0

2. b=aorb=-2a
3. b=2aorb= —a

4, b=a/2 or b= —a/l

T [© ‘—“f;"") dx T 7T A ¥
1. =27 2. —-m

-

3 brd 4. 2n

The principal value of the integral

" ——————Sin(fx) dx is

-0 x

1. —27 2. -m
3. T 4. 2n
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24.

25,

25,

10

z=0% HAR-OR BT f(z) = e? + o1/7 G
@Y Aol Ream sy R mar

I, g iz|<mﬂ?mznn_w{

2. maﬁ‘roﬂzmi%a‘rﬁr 26.

)

3. TWO0<|zl<wo & AT
Zreo (2" +5) 3

n

4, Fae AR |7] < 1 H’rﬁ'rzm-m—

The Laurent series expansion of the function

f(z)=e?+ el"z about z = 0 is given by 26.

I, 5% e = forall [z] < oo

2, TR (" +2) 2 onlyif 0 < [z] < 1
3. Ynwo (z"
4 T onlyif|z] < 1

+-1—n)i' forall 0 < |z| < o
4 n!

& T AeRReF: W maurn, I uiis

AT 0,1,2,, 00 & T &, TTRY g7 &7

FIHIOT I §, FIST ATCT A pqw;T v

& Y| ar

. IRRBF T = m + nF WRAFT
¥ UF gfaug dee

2. mm’r:m—nﬁmﬁm’
FeT o vah carat dee

3. IRRBF W I =m +n & g\0T v
F A §

4. ARRBFH W r=m —n & ALT AT
Ul & W ¥

27.

27.

Two independent random variables m and n,

which can take the integer values 0,1, 2, -

o, follow the Poisson distribution, with

distinct mean values y and v respectively.

Then

I the probability distribution of the
random variable [ =m + nisa 28.
binomial distribution.

2. the probability distribution of the
random variable r = m — n is also a
Poisson distribution.

3. the variance of the random variahle
l=m+nisequal to p+v,

4. the mean value of the random variable
r=m—nis equal to 0.

mmmb—e”[mx‘—wxﬂﬁ
afvid o dF # aife g

. mi+pymi+—=

1o
3
L

+,
~
3
=
I
1]

o

W
3
e H 7
+

F

]
o

The equation of motion of a system described
by the time-dependent Lagrangian

L= et [Zmi? - V)| is

.. v 3 B
l. mx+}'mx+z;—0

mf+ymi—£‘0

X &
3 mx—:;nx+a=
4. mi+—=0

dx

GEUATT m & UH FU fawa v =
—%ax2+43bx‘ﬁ' afaiier &, J@r o Tur b
U N ¥ TRl SR ONR-OR
3eq Ao Hr mgfea ¥

. Ja/m 2. J2a/m
3. J3a/m 4. J6a/m

A particle of mass m is moving in the
potential V(x) = -—%axz +1bx"r where a, b

are positive constants. Ihe frequency of
small oscillations about a point of stable
equilibrium is

. Ja/m 2. 2a/m
3. {3a/m 4. J6a/m

T & B & ST 6400 R g

# WAE W Gt F Teq & FROT A @qor
g & 3HX T 1% 3 [@AT 10T 36

39§ h W 9T S|
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29,

30,

1. 64fF= 2. 48R
3. 32fFA. 4. 16 .Y

The radius of Earth is approximately 6400
km. The height h at which the acceleration
due to Earth’s gravity differs from g at the
Earth’s surface by approximately 1% is

1. 64 km 2. 48km

3. 32km 4. 16 km

IR F At e & 3R
GAE m T T FAE TET
ol FOT @ A v §:

According to the special theory of
relativity, the speed v of a free particle of
mass m and total energy E is:

i ‘ me?
1. v=c I"T

83 w=cC l_(mEcZ)Z

4. v=c(1+mTcz)

UH IR I 8T F gNE ¥ 3w uw
IERT FOT vF FIREA o w ARk
¢ R Ay ¥ R geh 8w &
FAR a9, dadm &7 ¥ w9
THAA I TTH H Joen F gIE &

11

30.

31.

31,

L

T
—,ileL_—

Fsferel oY & Fsfoel-aiawre ¢ aurr
e &1 e ¢/R &

5 /2 2. 4m
3. 2T - P

A charged particle moves in a helical path
under the influence of a constant magnetic
field. The initial velocity is such that the
component along the magnetic field is twice the
component in the plane normal to the magnetic
field.

i £
i

+

|

—-| 2R I-*—

The ratio £/R of the pitch £ to the radius R
of the helical path is

1 2 2. 4nm

3. 2n 4w

aﬁ-&t&zgwwmmrtﬁ,aﬂﬂ?
aE 51 ¥ Ol vF gl gifaew fvew w0
afasﬂwﬁ?r%luﬁrﬁ:mwmﬁmgvﬂm
n>1 g o gfedm :Ir &g aiat
gfaadsr & a9 3@ o1 TEa ¢ ow Reew

H Arers g
. A/4n 2. A/2n
3. 3i/4n 4. i/n

A parailel beam of light of wavelength A is
incident normally on a thin polymer film
with air on both sides. If the film has a



32.

32.

33.

12

refractive index n > 1, then second-order 33.

bright fringes can be observed in reflection
when the thickness of the film is

. A/4n 2. A/2n

3. 34/4n 4. A/n

Fsar R& e oW M W I3y Twag
p(r)=pu(l—%) & ol g oS r
ﬁ&ﬂr%wz‘tw pn,aQ'CfRUFTBTﬂT
&l r=gr #r qoen H Ay r=Rp2 W
fregs arF &1 aREor 125967 &, @ o

AT &
. 2 2. 1
3; 1/2 4, 1/4

A solid sphere of radius R has a charge
density, given by

34,

o) =p, (1-%),

where 7 is the radial coordinate and Py @
and R are positive constants. If the
magnitude of the electric field at
r=R/2is 1.25 times that at r = R, then
the value of a is

l. 2 A |

3. A 4. 1,

IR fag It & o d7 @
fregarifas oo Yart e &

34,

35.

The electrostatic lines of force due to a system
of four point charges is sketched below.

At a large distance r, the leading asymptotic
behaviour of the electrostatic potential is
proportional to

| I 2, ¥
3. r? 4 3

=%

oAt aiffhr & w weh G @
effeeet & H = wxp, ST w TH AT & aur x
U p HHIU FU UG WA E| FaicH qifydy
#, s wger # e e, &

; a1 a 1
l. -tftw(x5;—;) 2. ~lﬁw(xa+;)
N a thw d
3. —lhwxs; 4, ——-;-x;

Suppose the Hamiltonian of a conservative system
in classical mechanics is H = wxp , where w is a
constant and x and p are the position and
momentum  respectively. The corresponding
Hamiltonian in quantum mechanics, in the
coordinate representation, is

L. —ihm(x—q;—i) 2. —iho(x=+1)

ax 2 ax 2
. a thw @
3. thwxa 4, meax

A & oy, T oy, wHE SO 3WFOF AT
E, FWTEZ(EZ>E1)§$HW$UTE}TWFETIW
Ifeerios Rufawr & w97 ¢ = 0 W wor Rufy
w:=o)=%(¢1+¢2) # FaAr A § ogedH
A T,99 Y(t=T), ¥(t =0) ¥ difds gem, ag
€
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37.

2hm hm
- (Ez—Ey) o (E2—Eq)
hm hm
3 :
2(Ez~Ey) # 4(E;—Eq)
Let Y, and Y, denote the normalized _
eigenstates of a particle with energy

eigenvalues E; and E, respectively, with
E; >E;. At time t=0 the particle is
prepared in a state

1
W(e=0) =W +y).
The shortest time T at which W(t = T) will
be orthogonal to W(t = 0) is

2hm ) hm
(Ez—Ej) i (E2—Eq)
hm hm
2(Ez-Ey) 4(Ez—E;)
SHTASHT dTHwT

¢ =a,¥ + a0 +az i,

W AR, S Yy, PO 3T FERE
L am L, & Touq  sEAedied
INTeOF Fea §, wAA O
AT I+ 1R W mh F @Y
AN AT h JFT FHRF L, F AR

I dimln, = e O
1 = 2 5
2 a=a; =- a 2
1 3 2’ 2 vz
3 a,=a =2 a, = -
1 3 2! 2 vrz—
4 = a2 _‘l
al—az—aa—r@—

Consider the normalized wavefunction

bP=a1 Y+ ay P +az Py,

where Y;,,, is a simultaneous normalized
eigenfunction of the angular momentum
operators L* and L,, with cigenvalues
I(l + 1)h? and mh respectively. If ¢ is an
eigenfunction of the operator L, with

eigenvalue h, then
L Gy =~y =2, @yp=—
. 1= 3_2r 2= V2

2. @, =a; =~ a, = —
<. 1 =g 2= F

3.

38,

38.

3 a a 2 a, = 3
i g 3""23 ¥y 2

4 5ty ___1
a1—a2-ﬂ3—ﬁ

A & xTwr p waw P aur @
WHfad e (h=1) F [xpl=i & A
HAAAETF [x,pe "] FT AT E

l. i(1-p)e® 2. i(1—p®»e?

3. 1-e™P) 4. ipe7?

Let x and p denote, respectively, the
coordinate and momentum  operators
satisfying the canonical commutation relation
[x,p] =i in natural units (h = 1). Then the

commutator [x, peP] is
. i(1-p)e? 9.

R 4.

i(1-p?e?

ipe™?

T g7 &7 g9 P30 H@EA gHE p @,
HIFUT FHIGRUT P = ap+ bp” E@RT Hefdd
g el o awr b T E AR gF
TRTHE AT V, &, @ IR®F AF o ¥
2p, T WA Uelcd & gg & fov o
N FNET T e w R T w R
. ap,Vp

2, (a+bp0)p0V0

SCIREO

4. (aln2+bp,)p,Vo

The pressure P of a fluid is related to its
number density p by the equation of state

P= .ap+ bp?

where a and b are constants. If the initial
volume of the fluid is V;, the work done on
the system when it is compressed so as to
increase the number density from an initial
value of g, to 2p, is

1. ap,V,

2. (a + bpﬂ)pﬂ Vg
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29,

40.

40.

(24 20 poVo

4. (aln2+ bpy)paVo

 am & afefe v Rwfafsa s &
et & H=L taq*, @ o« T
W E UE p AU ¢ FAT 395 TIT U
I v AR qE R@wr waw g R e g
3 E<E, & @ waewr wAfe & g
ST aTel WA E, W 30 TR R i

.. &°

2. E,

& JB

4. E, W fAa 7@ g

The Hamiltonian of a classical particle

moving in one dimension is
2

~F 4

H = 'ZE + aq
where a is a positive constant and p and g
are its momentum and position respectively.
Given that its total energy E < E, the
available volume of phase space depends on
E, as
1. g3/

2.

3. JE
4. isindependent of E,
wm‘ra‘mﬁ?r.ua:m-#m%‘rs_ﬁw
T & ey WS ¥ ' FO, vwmd-For
aaiawmmﬁa:mﬁgwngmﬁ
T T&ar ¢ afe &l saew @er ¥
Red & & vRsar 01 & ar 37 aEer
# araEr i Ay gewm

. 8 2. 9

3. 10 4, 11

An ideal Bose gas is confined inside a
container that is connected to a particle
reservoir. Each particle can occupy a discrete
set of single-particle quantum states. If the
probability that a particular quantum state is
unoccupied is 0.1, then the average number
of bosons in that state is

14

41.

41.

42.

3: 10 4. 11

T A9 H HoT Gelca & iadroeT g &,
HUIHT & dael AT Td guid Ars
mﬁmﬁlsﬂﬂ'ﬂ#qﬁrﬂﬁfﬂw

|< "ks 2- kB

5
-k
SKa

oxygen gas at low
temperature, only the translational and
rotational modes of the molecules are
excited. The specific heat per molecule of the
gas is

In low density

I %ka 2. kg
3 5
3. Eka 4, ‘z'kg

&Y T-TFGt A, TUT A, JFT TF HaH
oRay, S T & aufar mr g, & ey F
et

™

AAAL

10K

AR
ryy

A

af RRT ac T G B SRR 50 kQ
¥ o BT et # e W

I 9R9Y # A, i smaegwar sufav § &
mﬁwﬁmmr#agaaﬁmm

2. 9R9Y A A, Fr 3mRTFar sEfav § F
a’l?ruﬁmrrfa#agam%f

3. T dfey & wHiad R faem oRay
¥ A, FI §ST T FEFAT B

4. I AfEsT dFa € gaen 71 HF
FT ITHOT AT E, A GRIY F 4,
BT HTIRTF ¢
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Consider the amplifier circuit comprising of
the two op-amps A, and A, as shown in the
figure.

1

AAL.
Yy

R

-

-

10K

AMAA 2,
vy

r +
A A,

Lo
VO

If the input ac signal sou:ce has an impe-
dance of 50 kQ2, which of the following

: o
statements 1s true? 44.

1. A, is required in the circuit because the
source impedance is much greater than r

2. A, isrequired in the circuit because the
source impedance is much less than R

3. A;can be eliminated from the circuit
without affecting the overall gain

4. A, is required in the circuit if the
output has to follow the phase of the
input signal

a7 oRuy & sfaE & /-v AfEeeTor sEd
IFURCIG RS
S {(V— 0.7) /500 for V > 0.7
0 for V< 0.7

44.

 STel VAo & qur 1 fRamR & AW oo

g1
1K

10V =

|

IRTY # faegaunT | & A

[. 10.0mA 2 i

3. 62 mA 4.

93 mA
6.7 mA

The I-V characteristics of the diode in the
circuit below is given by

= {(V —-0.7) /500 forV = 0.7
0 for V<0.7

where V is measured in volts and [ is
measured in amperes.

The current I in the circuit is

1. 10.0mA SRR I
3. 62 -mA 4. 6.7

FE-HeA Wy, & UF U] aU HE-Hele
W,, (Sef Wy, > W,), & T& 3T e,
gl F Th TIH TUTS §9141 ST g1 3
IaUyss # ALy & A e I ToeT @
ar e & e digar v

. 9 T[T ST ARy

2. 3 I FHA FEA A
3. 3 9 Sgen ARy

4. V3 T FH FEA ARY

A junction is made between a metal of work
function Wy, and a doped semiconductor of
work function W, with Wy > W,. If the
electric field at the interface has to be
increased by a factor of 3, then the dopant
concentration in the semiconductor would
have to be

1. increased by a factor of 9

2. decreased by a factor of 3

3. increased by a factor of 3
4

decreased by a factor of V3 £

ad ® Ielry O § Jeiad Frerar Hor
¥ & UH AN A, Tg Ur @ F oaw
VA& Jeqara A B, ST V& HOT & A
yaaa gl A v aRRaaar 2.7mm® &
Y, 30mm® AT I &, O ARG a9 &

areT gfaea swfaRadar &
1. 2.08 2. 0.09
3. 6 4. 3



45. In a measurement of the viscous drag force

46.

46.

47.

experienced by spherical particles in a liquid,
the force is found to be proportional to V1/3
where V is the measured volume of each
particle. If V is measured to be 30 mm?, with
an uncertainty of 2.7 mm’, the resulting

relative percentage uncertainty in the
measured force is

I. 2,08 2. 0.09

3. B 4. 3

¥T3T ‘T / PART 'C'
HT# ﬁ; 3"=(61,Ug,03)'7ﬁﬂ" ay,0;,03 m
I B AR @ Fwr b BfRw A @ R
W wWiew ¥ o FARWATE (4.7, 5.9
F0F GAW & (T & 1§ aewHe amegg)
I. (@.B)(0, + 0, + 03)
2. 2i(@xb).@
3. (d.b)I

4. |d|[b)1

Let @ = (0y,03,03), where 0y,0,,05 are the

Pauli matrices. If @ and b are two arbitrary
constant vectors in three dimensions, the

commutator [d.@, b, G| is equal to (in the
following [ is the identity matrix)

L (E'E)(‘-H +0; +a3)

2. 2i(@xb).7

3. (@.b)

4. [d||bj

WFAY W z=r1e" (r20, ~w<f<) &
W f(z) =-In(1—2z) & aW Rl f(2)
#r RREad e §

L z=1TU z=0c0 W M@ &g, TUT
FA0<O<2rF AT z=0 W&
Heras

2 z=1d4 z=o WQH@Tﬁg.HﬂT
0<6<2r & 3omar ¥ 0 & AT
z=0W TF Jdds
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47.

48.

48,

49.

3. z=10U z=w werrmfifgm
T 0 & AT 2= 0 & I=as
4‘z=0.z=1HﬂTz=mW?ﬂmf§§

Consider the function f(z) = iln (1-2) of

a complex variable z = re'® (r > 0, —o0 <

0 < o). The singularities of f(z) are as

follows:

I.  branch points at z = 1 and z = o0; and
apoleatz =0only for0 < 6 < 2m

2. branch pointsatz = 1 and z = oo;
and a pole at z = 0 for all 6 other
than 0 <6 <2m

3.  branch pointsat z = 1 and z = oo;
and a pole at z = 0 for all &

4, branch pointsatz =0, z =1 and

Z = 00,
i (=" Zn+1
T f() = Sio i (3) (o S

FHIFIOT T FATYUTH FT B

2 d*f
dx?

. x +x%+(x2+1)f=0

2 .
2. 2+l -1)f=0

S ST SR GO
3. X tx—+(x*-1)f=0

28 _ 8 (e — 1) =
4. xXg-x—+ @ -1)f=0

(=1)n (x)zn-i-l

nl(n+1)! 2

The function f(x) = ¥,

satisfies the differential equation

24 df L 2 "
L o tx st +Df =0

2d%f dar 2 _ _
2, X 2+ (@ -1)f=0

%]

28 ek i Y =
xtoatx s+ (x*-1Df =0

2
4, xzﬂ-—x%+ x2—-1f=0

dx?

A & o Tur g wfEay e ) e
ISRt A FHTAA A FeT-Hr Mg U
W UF FHg & AT w0 -



49.

50.

50.

] 8

B
1. (g 0)
T), ST af =1
g) el ep” AT B
4 (_'; f) SE a2+ B =1 ¥
Let a and 8 be complex numbers. Which of

the following sets of matrices forms a group
under matrix multiplication?

e
.
i
{5

T+

‘1:), where aff # 1
a’ T
ﬁ')’ where af* is real

f,), where |a]? + B2 = 1

3
€ijk {xir{pj- Ly ]}
ijk=1
(el ey, oN-RR¥T vhw £,7,5.1 7
I, §A9T UF FoRg w39r § g {A,B), 4
qo BF ardT Frvew @ RS FaT £

T W AP g &
1.0 2

3. @I 4,

X o

The expression
3

Z €ijk {xi- {pj Ly }}

[J',k:]_

(where €;j, is the Levi-Civita symbol, X, 7, L
are the position, momentum and anguiar
momentum respectively, and {4, B }
represents the Poisson bracket of 4 and B)

simplifies to
1. 0 2. 6
3. Z@xID) 4., EIxp

F AR P e H(q,p)ng,

> mw?q* ¥ AT ¥ F(q,0) = —g ¥ g

5/85 CSIM4-5AH—2A
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51.

52.

fafed waieRor & ofoms, 7 Aifers Qaur
AT P #H EfAees a7 o &

2 p2pz , mw?
L QP2 +T2g
1 p2p2 mw? o,
2 m@*P +2p

A p2, me? o
sz+zQ

< o
1 pzps p ma?
4. QP4+ melp

A mechanical system is described by the
Hamiltonian H(q,p) = 5‘% +§ mw?q?. As a
result of the transformation
generated by F(q,Q) = —%, the Hamiltonian

canonical

in the new coordinate Q and momentum P
becomes

1 n2p2  me? o,
j ZmQP --I-——-2 Q

L H2pz  me? 5
2; 2mQP +-—--2 P
1 p2  mw?
3. =i >0
1 p2ps me? 5
4. it 3] g i

B # HAGAE TANOTY Fee IR &
WM A | G9T FNhET s, qudr
(TR F FHG), G qwr w0 (I q=
#awqugaﬂ‘ra‘)#méwaﬁ
3 W UF dMged §l AW 5 oqedr wg
n‘vmcﬁamﬁmr:ﬁam*rnsmm,,,a;
U ST geareR 81 9l w6 Hew &
THIE F AT WA g, I & aner A
H A, TG TT X r (R <r <R,) &
W RE, FrAWTE




l. }2654—-—‘“”"“’
r(Rg+RM-r)
2, ’ZGM_‘"‘*"”"’
r(Re+Rp)
3 fzcm Rg
rRpy
4. ’ZGM
T

52. The probe Mangalyaan was sent recently to

53.

explore the planet Mars. The inter-planetary
part of the trajectory is approximately a half-
ellipse with the Earth (at the time of launch),
Sun and Mars (at the time the probe reaches
the destination) forming the major axis.
Assuming that the orbits of Earth and Mars
are approximately circular with radii R; and
Ry, respectively, the velocity (with respect to
the Sun) of the probe during its voyage when
it is at a distance 7 ( Rg < r « Ry) from the
Sun, neglecting the effect of Earth and Mars,
is

_(RetRy)
?‘(RE‘I'RM—T)

—

JZGM
(Rg+Rp—1)

AGM r(Rg+Rp)

[26mEe
. ZGMrRM

2GM
3

b

LS

el ge & ¥ag W dead Iufad gHae
fegagrdg o Hiftewa: gfaafda g
gl TYSS & WA & &7 A S0 =
T W Y T AYE @ gdr gedr §
3TAaA U9 dYcadd W faeya & & 3mae
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53.

54.

§ & I # ) yfdafia vd e
a3t & AT @

1. 4/9 2. 2/3
3. 2/5 4. 1/5
A plane electromagnetic wave incident

normally on the surface of a material is
partially reflected. Measurements on the
standing wave in the region in front of the
interface show that the ratio of the electric
field amplitude at the maxima and the minima
is 5. The ratio of the reflected intensity to the
incident intensity is

1. 4/9 2.
3. 2/5 4.

2/3
1/5

. Hfewr e wfew Rea @ ¢) aur 4G o) &

YATT  ®ATALOT qo—'cp’=t;o-g-§ quor Ao
A=A+VE SEIET TUT t & UF B,
Hdd UG Hawed Bed &, dF fauiia
& S 1 Ak su% FW gR dlveg warg
wfaaer
TA+ 20

Fr o TN Y A TAT el ¢, t) & e
UF HASH ROT & (61 w, k LFEAR I
w=cﬁc‘[3~7'HTU)

l. coswt coshk.?

2. sinhwt cosk.®

3. coshwt cosk.®

4. coshwt cosh k.

The scalar and vector potentials ¢(%,t) and

A t) are determined up to a gauge
@ - {p' =@ - %
A-A' =A+VE where & is an arbitrary
continuous and differentiable function of ¥
and t. If we further impose the Lorenz gauge
condition

transformation and

VA+-2Z=0
c dt
then a possible choice for the gauge function
§(®,t) is (where w,k are nonzero constants

with w = c|?c.[)

S/55 CSl/14-5AH—2B
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coswt cosh k. x
sinhwt cosk.?

e
coshwt cosk.x

SR

coshwt coshk.*®

B W R e

- FEUAN m FUT I e ET UH FAYETHT

T, S AR P &RUT @ & Ty afeh
¢, diger [ ardh RRRe oisar ¥ gemEe
m/2, A 2e, AN T/2 W& RO 2d T

FoT F gea fafdwor Hr dhoar 7 &

1. 161 2 "Bl
3. 41 4, 21

A non-relativistic particle of mass m and 57

charge e, moving with a velocity ¥ and
acceleration @, emits radiation of intensity /.
What is the intensity of the radiation emitted
by a particle of mass m/2, charge 2e, velocity
¥/2 and acceleration 2a?

1. 161! 2. Bl

3. 417 4, 21

T IMHEOT 3T BEA V(x) = —b 6(x) &
b > 01 FreATEaEr FaAT BEROT SHeoT e

l)‘,’(x)___{Acc:sﬁ, —a<x<a T/
0 Fee,
F ary ofsfoa ﬁ ST &, a3 " B
mb? 2mhb?
Ttz T
mp2 mib?
T 4. - Am2h? 58.

- The ground state energy of the attractive delta

function potential

V(x) = =b §(x),
where b > 0 , calculated with the variational
trial function

X
it} = {Acosz, for —a<x<a,
0 , otherwise,

is

mb? 2mb?
L - TR 2. - Zh? 58.
- mb2 mb2
> T ominE 4 ~mm

. A 5 oS- aed St fr smeamesrr e

TUH 3ediond aEAT F T G & Ui
VI |9h) = col0) + ¢y [1) & (ST&T ¢, AT ¢, HeW
E IR G +ci=1)lc & 7 57 & QAT (1)
9 HTFAA Hed W HAT

’ 1
L <x) maw * €o = J_E

1

2. <I) 2!’!’[&” CD = ‘2"
, 1
{x> me! Co = 3"‘5

i L] e

4 w= =1

Let [$p) = ¢|0) + ¢4 |1) (where ¢, and ¢; are
constants with ¢ +cf =1) be a linear
combination of the wavefunctions of the
ground and first excited states of the one-
dimensional harmonic oscillator. For what
value of ¢y is the expectation value (x) a
maximum?

L. (x)= \/;’ Co =

-lh
E
ﬁ
E\l
o
1

A m & U& FUT {399 V(x) = alx],
(@>0) & wHIg 7 ¥ | WKB gfcdweT &
Fott e A £, (n=10,1,2,-) &

[Sah‘n’ l)r/g
3ahm 1\1?/3
[‘w’ﬁ i +5)]

- 3ahm 3)

A
3ahm 1 ]”3
[w’ﬁi n +5)

—

)

&~

Consider a particle of mass m in the potential
V(x) = a]x|, @ > 0. The energy eigen-values
En (n=0,1,2,-), in the WKB approximation,
are
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anm 1/3
[3.&( )]
ah 2/3
2 [z (n+3)]
30‘.“11( +) 60.
aht 4/3
.[Bh( )]
U -3 Faeq @wn  f{v e
100
mnﬁ(o 2 o)ha—aﬂ?
00 2
01 0
H’=e(1 0 1)(&3’&«1)#&-‘“@?% 61.
0 1 0

¢ IROTE FEwY o e A
Ey =2 & 3iavor &
l. €,-2¢ 2. =—¢2¢
3. te 4. *2e
61.

The Hamiltonian H,, for a three-state
quantum system is given by the matrix

1 0 0
0 0 2

0 10
When perturbed by H' = ¢ (1 0 1)

0 1 0
where € <« 1, the resulting shift in the
energy eigenvalue Ey = 2 is
l. €-2¢ 2

3. e 4,

62.

—E€, 2€
+2¢

& Ffaseey serAvly sfmar ganr o
N AT v, ¥ v, a9 werE
frm et waw Yy 1, o
M ol &1 IR @ wfrwr @

UE IejehAviad: @ ST §, aur 59 a9
TEEYT g aw A 1) & ar

62.

L. W= 3 e
3. 1=, () 4.

2

When a gas expands adiabatically from
volume V; to V, by a quasi-static reversible
process, it cools from temperature T; to T,. If

now the same process is carried out
adiabatically and irreversibly, and T} is the
temperature of the gas when it has
equilibrated, then
1. Tz'r = Tz 2. Tz, - ] Tz

! e V2-¥1 _7&
3. Ty=T, (—V;) 4. T3 = :

UF  IRfRew 9O uaeRs  feem #
WRASRAT 2/3 & WY UFF FOE F TF FH
aur wiFar 1/3 & | wONHAS fRr F
UFHE dd8 H TR HeH o §l n FA F
a1 9IeER F ATCT e §

1. n/3 2. n/8
3. 2n/3 4. 0

A random walker takes a step of unit length in
the positive direction with probability 2/3

and a step of unit length in the negative
direction with probability 1/3. The mean
displacement of the walker after n steps is

1. n/3 2. n/8

3. 2n/3 4. 0

N IR ol S, i =1,2,-,N
(5= 1) T Uh HIg a9 T # UF IEG
o & B # @ mar ¥ e 6

aﬁ!m:fr% H=-uBYS | AT (5)=>1%
fow = a;r—e{aawmwaﬁmmﬁw

1. %NInZ 2. 2In2

3. zlln2 4, NIn2

A collection N of non- mteractmg spins
Sp i=12,~,N, (§= %1) is kept in an
external magnetic field B at a temperature T.
The Hamiltonian of the system is
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minimum value of f[% for which the mean 1. fup < fip & T, AdE uRE ey W4 B

value (S;) 2 1?2 &5 fRERoT fheeX & §9 # FH = §

l. >Nin2 3. 2in2 2. fup>fip & OIC, AHGA B AR T

30 2ing 4. Nln2 ¥ Uhar & T B Wha @1 fheex Rl
foem oia awar & _

. T T aLIty. TR # FAR @R 3. fur < fip F AT A S IRF e &
N gy giffer afafea &1 afd & T A F1I FIGT §, TUT B HHd &
T & @ & HAT §9 1/ @ &, a Rheex fFd faar oRa Fear &

LAY, FRER & AT geg deea @ 4. fup > fip ¥ AT, A HHT HT oy

TFge T Twel gifeeey i gerr & 5 faem aie #tar &, aur B &E-

l. 1/N 3= & foRTROT fheex & 9 # FH H@ §

2. 1/N? 70T & ! :

% 64. Consider a Low Pass (LP) and a High Pass

e e ® (HP) filter with cut-off frequencies f; » and

4. N? 7= fup, respectively, connected in series or in
parallel configurations as shown in the Figures
A and B below.

. A large MOS transistor consists of N
individual transistors connected in parallel. If
the only form of noise in each transistor is 1/f (a) Input HE LP | Output
noise, then the equivalent voltage noise Jup Jie
spectral density for the MOS transistor is

1. 1/N times that of a single transistor TP
2. 1/N? times that of a single transistor
3. N times that of a single transistor Jur
4. N? times that of a single transistor (B) Input QOutput
. S e Rt Adwr B # @fr €, v | P
fAm smgfed 9RF feex (LP) & 3= Jip
Jrgfed URe fheex (HP) fSierehr siaehra fag
Igfeaat FAW: f,, W& fyp & AOM T AR Which of the following statements is correct?
I 7 Haed g 1.  For fyp < fLp, A acts as a Band Pass
filter and B acts as a Band Reject filter
(A) Input | HP Lp Outpmo 2. For fyp > fip, A stops the signal from
Jup Jip passing through and B passes the signal
without filtering
3. For fyp < fLp, A acts as a Band Pass
HP filter and B passes the signal without
P filtering
By Input Output 4. qu fup > fu_;, A passes the signal
(B) —— O without filtering and B acts as a Band

Reject filter
LP

/i LP
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T EEE 1w AW e S 1 mm
mﬂagwm&mwmm
T I B &, RafiT gew o @
o W T 9 9T Rade et @ oo
mm%ﬁﬁﬁm%wﬁ:mw
m&wmznonmmmﬁm
a%’rfaﬁ’m?‘i?r%ﬁmrﬁWT?rmm

& agerar &7
. 6.60° 2 5148
3. 5.018° 4. 521°

When laser light of wavelength A falls on a
metal scale with 1 mm engravings at a
grazing angle of incidence, it is diffracted to
form a vertical chain of diffraction spots on a
screen kept perpendicular to the scale. If the
wavelength of the laser is increased by 200
nm, the angle of the first-order diffraction
spot changes from 5° to

.  6.60° 2,
3. 5.018° 4.

5.14°
2212

U W (dler) W W smafag g
ART GAT 100 mW/em?® B g gy F
g amRr 30 mA/em® & qer gar gy
areest 07 vV 81 afy ak a9 @ smrw
T 08 & 0.5 qF wear ¥, @ whred
&THAT Tl

[. 4208 262 g%

240¥16.8 FF

2109 10.5 a5

1689105 %

ta

B o

The power density of sunlight incident on a
solar cell is 100 mW/cm?  Its short circuit
current density is 30 mA/cm?® and the open
circuit voltage is 0.7 V. If the fill factor of the
solar cell decreases from 0.8 to 05 then the
percentage efficiency will decrease from

1. 42.0to 26.2

2.240t016.8

3. 21.0t0 10.5

4. 16.8t010.5
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| CFE & uF GEh 8 A ve quarorfis
HemHoT P - 'S SR fares Zefar & | A
HSET = 9.27x10 UT, aur Hwaor o
HIA TS 250 nm & ar ARl e

@t & A g § s
I.  0.01 nm 2.
3. 1.0nm 4,

0.1 nm
10 nm

An atomic transition 'P = 'S i a magnetic
field 1 Tesla shows Zeeman splitting. Given
that the Bohr magneton py, = 9.27x10%* I,
and the wavelength corresponding to the
transition is 250 nm, the separation in the
Zeeman spectral lines is approximately
[. 0.0l nm 2. 0.1 nm
3. 1.0nm 4. 10 nm

I vF Zfaavamrs T 3T T pdff F97 T
W Sl Y I IRy I

132 ; ;
-x, (n+§) ho, ST x, = 0.001 &, A Farey
SO R A FO FEAT T ¥
1. 500 2. 1000
3. 250 4. 750

If the leading anharmonic correction to the
energy of the n-th vibrational level of a
1
2
Xe = 0.001, the total number of energy levels
possible is approximately
1. 500 2.
3. 250 4,

2
diatomic molecule is -2y (n+ ) hw with

1000
750

m’ésﬁmmrq@mwmﬁsﬁazm
ST 5, TUT WIS WROT §, & e sramely
TIFC-TRROT e afshal B = 3, 5 &
& STl ¥ | 39 It & afvomsy
Wﬁ??ﬁ?%mﬁﬁmiﬂ?ﬁﬁ:

1. ;%ahz 2. 2ah?

3. ah? 4. gahz
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The effective spin-spin interaction between the
electron spin §, and the proton spin §,, in the
ground state of the Hydrogen atom is given by
H' = as, - §,. Asaresult of this interaction,
the energy levels split by an amount

e
I Eaﬁz 2. 2ankt

3. ah? 4. %aﬁz

AqfEyw o fr Teles O@vger ey
A el & T & T F glaAiaa g
W AEIH gAe] & BEr o oaw ®/

FARA AN B B, 1 e F Eg L

fig & W o9 Sew AT a)a B 39
A& &1 Heper ot &

e 3 3 ch |
ks n[(nﬂ‘z) 3 (?‘qr'rf‘z) J
2_1'£ 1"13+'r23
3 (r+np)?

1o

ri+rd

(r1+73)*

L2

rierd

2(ry+712)3

Consider the crystal structure of sodium
chloride which is modeled as a set of
touching spheres. Each sodium atom has a
radius 7; and each chlorine atom has a radius
;. The centres of the spheres form a simple
cubic lattice. The packing fraction of this
system is

3 i
n|G2) + ()]
r1+7'z T +1r3
2r ri+rd
T3 (r4mp)?

ri+rd
Uy Hry)?

3 3
L]
2(?‘1 +rz)3

&l Fofedhr orF uerdf & ar & RN Sed
¥ TF F WA O FIGN § aUT GEY @
afawAcaTeT T ¥ o @ur b st #

72.

AR & d el wAEE R &
qoel A cfeRr # wRAOET & dra gurEr
HAEr Py 3w B @R am W
faRtrse v = ST dheE T SUEER
a9 T God H 3 TER HHA BET|

1. gfowdeEe o gary & fau 72, Req
T O 31 9gIY & o 7 & ¥ H
gfaaaAsEnT o et & fav 7, aur
WA A 3T ey & [/ 3 F 7 F
3. A oyt & RO T F W H

4, Ao Ui F PUF I FH

1

Consider two crystalline solids, one of which -

has a simple cubic structure, and the other has

a tetragonal structure. The effective spring

constant between atoms in the c-direction is

half the effective spring constant between

atoms in the a and b directions. At low

temperatures, the behavior of the Ilattice

contribution to the specific heat will depend as

a function of temperature T as

1. T? for the tetragonal solid, but as T® for
the simple cubic solid

2. T for the tetragonal solid and as T3 for
the simple cubic solid

3. T for both solids

4. T3 for both solids

9 FHAA ¥ oF UH garg &5 B HI
sufedfa # v Jifaares aoa T W
EgauRrT afed S &1 T HAA P
UETe;

1. fgures & 3ex & wia 3fare
hc/e & THal & FaeiAd gl

2. JfaErds A {EYAuRT vd geehry
8T 2T IHT ¥ i a4 &

3. faegaunr gaca jaur B @
Vxj+ANB=0 ¥ wafaa g, St A
TEH I g

4. faames TF Foll IHaTe gUTar &, S
siferarer & WA AT & AT A
el
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A superconducting ring carries a steady 74.

current in the presence of a magnetic field B
normal to the plane of the ring. Identify the
incorrect statement.

l.  The flux passing through the
superconductor is quantized in units of
hc/e

2. The current and the magnetic field in the
superconductor are time independent.

3. The current density J and B are related

by the equation ¥ x j + A?F = 0, 75.

where A is a constant

4. The superconductor shows an energy
gap which is proportional to the transi-
tion temperature of the superconductor

ffe ar wfwamat o7 Ry

(i) PTon+tet4y,

(i) A= p*get 4y,

(iii) - et oy,

(iv) asy4y

AFT TN & AT IRIFT F Fhe-amy

afsta

l. &ad (ii) 2. (ii) T (iv) 75.

3. (i) a9t (iv) 4. (i) T (i)

Consider the four processes

(i) Pron+tet 4y,

(ii) A - pT+et +v,

(i)  n*—>etyy,

(iv) n%-y+y -
Which of the above is/are forbidden for

free particles?
1. only (ii) : 2. (ii) and (iv)
3. (i) and (iv) 4. (i) and (ii)

TE FURT #r & BT @ w= gkt &
IO NaRe W & @ ad
AT fadofew # soEe g @
TR B ST §1 sed fv sawm

IS B F7 ¥ I 3990 g g
1.25 x 10% eV

1.25 x 1012 oy

1.25 x 10% eV

1.25 x 10% eV

B~

In deep inelastic scattering electrons are
scattered off protons to determine if a
proton has any internal structure. The
energy of the electron for this must be at
least

1. 1.25 x 10% eV

2. 1.25 x 102 ey

3. 1.25% 10°% eV

4. 1.25 x 108 ev

et T1ff (s g 4 G CE
T FUT Far

B =ay A-qagA?? — asy

(2Z-A)? a2
" A AR

¥ A& o ¥, SE oa, = 16 MeV, a; = 16
MeV, agym =24 MeV AT a, = 0.75 MeV |
A=216 I&FT UF AfHF A Hedad 2R

HHAATRE ITAT] & Z &
1. 68 2. 72
3. 84 4. 92

If the binding energy B of a nucleus (mass

number A and charge Z ) is given by

(2Z - 4)* a,z?
A - A1/3

B =ay A-asA%/3 — Agym

where a, = 16 MeV, as =16 MeV, agyy, =
24MeVanda, = 0.75 MeV, then the Z for the
most stable isobar for a nucleus with 4 = 216 is

1. 68 2. 72
84 4. .92



