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PART A (1 - 20)

1. A satellite is in elliptical orbit about the earth (radius = 6400 km). At perigee it has an altitude
of 1100 km and at the apogee its altitude is 4100 km. The major axis of the orbit is ,
(A) 5,200 km

(B) 10,400 km
(C) 11,600 km
(D) 18,000 km

2. A cubical block of side a is moving with velocity u on a horizontal sinooth %wn in
fig. It hits a ridge at point O. The angular speed of the block after it h (S

<+—d—

—>L

M

AIAN1 1A TR R TR TR
Fig.

(A)3u/(4a)
(B)3u/(2a)

(C) V3 u/ (\/5 a)
(D) Zero

3. Water rises to a capillary tu . If the area of cross-section of the tube is

one fourth, the water will rise to a height of,
(A) 2 cm
(B) 4 cm
(C)8cm
(D) 16 cm

4, A spring
is the

(

Is cut into two pieces whose lengths are in the ratio 1 : 2. What
longer piece?

2
(B)
(D) 2k

5. Two protons move parallel to each other with an equal velocity v = 300 km/sec. What is the
ratio of forces of magnetic and electrical interaction of the protons.
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(A)1x 106
(B) 10 x 1076
(C) 10 x 1077

(D) None of these

6. A 22 cm long solenoid having total number of turns 1000, consists of Cross-
sectional area 4 cm? . Half portion of the core consists of air and otkter half is made of iron
of relative permeability 500. Calculate the self inductance of the s oid.

(A) 0.57 H
(B) 0.64 mH
(C) 0.057 H
(D) 57.0 H.

7. A liquid is poured into a vessel at rest with the hole losed. It is filled to a height
H. With what horizontal acceleration should the vessel be moved so that the liquid does not
come out, when the hold is opened ?

a,

Adg
(B)2g (H/N)
()2 g (hil
(D) 2

=

8. Tve bo with moment of inertia I, and |, and (I; >1,) have equal angular momenta. If

K.E."of rotat re E1 and E2, then
Eo
(B) Eq>E5
© Eq1=E5
(D) Eq Es
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9. Two blocks of masses 1 kg and 2 kg are connected by a metal wire going over a smooth

pulley as shown in Fig. The breaking stress of the metal is 2 x 109 N/mZ2. If the wire do not
break, then its minimum radius should be

T T \3
kg 2 kg
m
10 m, g

10. With what terminal velocity will an
-2

(A) 4.6 X102 m

(B) 6.4 x 107 m
(C)4.6x100 m
(D) 6.4 x 100 m

diameter rise in liquid of velocity 0.15
Nm™ s and specific gravity 0.9 kg/m3.
(A) 0.021 m/s?

(B) 0.0021 m/s?
(C) 0.0128 m/s?

(D) 2.0223 m/s?

11. space with origin ‘O’ then the correct expression of position vector

ition vector t =ré, +18é, + &, and velocity V =&, +r sinBé, + rsin® 6,

12. A ball is rising through a liquid with constant speed. The ratio of density of liquid to that of
material of ball is 3 : 1. The ratio of viscous force to the weight of the ball is

(A)1:3
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(B)2:1
14
(D)4:1

13. A transverse wave is described by the equation y =y sin 2n(ft ~ X1 . The maximum particle

y
velocity is equal to four times the wave velocity if
_ 1Yo
A) A =—"2
(W) A==
B) A =Yo

2
(C)A =1y,
(D) A =21y
14. Monochromatic light of wavelength 5000A falls norm ting of 2cm wide. The first

order spectrum is produced at an angle 30° from the normal. What is total number of lines
on the grating
(A) 40000
(B) 20000
(C) 25000
(D) 35000

15. Monochromatic plane-polarized light with "angular frequency w passed through a certain
substance along a uniform ic field" H. Find the difference of refractive indices for
right-hand and left-hand co light beam with circular polarization if the verged
constant is equal to

(A) An :Zi)zﬂ

A given quantity of an ideal gas is at pressure P and absolute temperature T. The isothermal
bulk modulus of gas is

2
A) =P
Ok
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®)P
(C) 2P

©) 5P

17. What is the entropy increment of one mole of a vander waals gas due isothermal
variation of volume from V4 to V.

v, + Vi

(A) Ren Z
a

VA

L Vi

v, - 2

(B) R(n V2
a
v, +
L Vi
©) R!én( Vi = bj
V, —b
V, —b
D) Rin| —2
© rinf V=2
18. f(x) is a periodic function of ith*peri and can be express as a fourier cosine series
and f(x) = sinx then the coefficient of cos(4x) i
—Tt
A) — =
O
—Tt
B) —
(B) -
-1
C) ——
© 151
1
(D)
19. Leta3x3 ix A have determinant 5, if B = 4A2 then the determinant of B is equal to,
2
(C) 32
(D) 1600

20. A large number of liquid drops each of radius coalesce to form a single drop of radius R.
The energy released in the process is converted into the kinetic energy of the big drop so
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formed. The speed of the big drop is (given surface tension of liquid is T, density of liquid is

p) .
o
o B3

o 13 %
o [53 C

PART B (21-40)

21. Two particles X and Y having equal charge
potential difference, enter a region of uniform
radii R, and R, respectively. The ratio of the

elerated through the same
field and describe circular paths of
to that of Y is

(A) (R/Ry?
(B) Ry/Rq

(C) (Ry /Ry )?
(D) Ry /Ry

22. A parallel beam of x- diffracted by a rock salt crystal. The first-order strong reflection

is obtained angle (the angle between the crystal face and the beam) is
6°50". The tween reflection planes in the crystal is 2.81 A. what is the
wavel th

A patrticle describes a circular orbit under the influence of an attractive central force directed
towards a point on the circle. The force is inversely proportional to .

(A)r?

®r
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©r*
(D) r°

24. Two light waves having their intensities in the ratio 16:9 interfere to produce interference
pattern. T the ratio of maximum intensity to minimum intensity in this patter e.

(A) 4: 19
(B)49: 1
(C)1:49
(D) 49 : 9

25. One end of a long metallic wire of length L is tied t iling" e other end
is tied to a light spring of spring constant K. T
free end of the spring. The area of cross segti e Ygung’'s modulus of
the wire are A and Y respectively. If the i i y pulled down and
released, it will oscillate with time period equal

’m
} m
© Zn,/g
m
’m

26.
o=l =
[ L V1
A B
p=15
A slab of thickness t and refractive index 1.5 is placed in between points A and B as shown
in the above figure. The optical path length between A and B is
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(A)3x + %t+y
®) Sx+t+y

(C)x+%t+3y

(D) x + 34 y %
2
27. Electrons with de-Broglie wavelength A fall on the target in a e: cut off
wavelength of the emitted X-rays is.
2mc\?
(A) Ao = h
2h
(B) \g =—
mc

2m?c?A3
(©) A R

velength 1.84 A from the (100) face of a
30° then the length of the unit cell is

28. The first order reflection of a bea
crystal of the simple cubic type ogccu
(A) 1.59A
(B) 3.60 A
(C)1.84 A
(D) 0.92 A

29. The output voltage
amplifier has a differenti
(A) 33.0mVo

n OPAMP for input voltage of Vj; = 120 uV, V;, = 100 pV if the
in of Ay = 3000 and the value of CMRR is 100 is

30. r the given circuit is
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A

o o LT

A B Y
0 0 0
AN]lo|1]o0
1 0 1
1 1 0
A B Y
0 0 1
B o | 1] 1
1 0 0
1 1 0
A B Y
0 0 1
©]o|1]|o0
1 0 0
1 1 1
A B Y
0 1
@] o |1
0
3% at'is the self-inductance of a toroidal coil with rectangular cross section (inner radius a,

outer ius b, height h), which carries a total of N turns.

2
(a) B2 D
21T a
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2
@) 2N 2
21 b

B N*h b?

2n  a?

sl

©

n
2n a
32. EFGH is a thin square plate of uniform density o and side 4a . ach of
mass m, are placed on the plate as shown in the figure. In t matrix | of

the composite system,

Aky

m m

Q(-a,a,0) (a,a,0)
o S(a,-a,0
m R(-a,a,O m
H

(B)Only I, and IyZ are zero

(A) Only IXy is zero

(C) All the product of
(D) None of the pro

ertia te are zéro

of inertia terms are zero

33.

+ e-a/KT + e-298/KT

(D) Z=1+ e-58/KT +8 e-24€/KT
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34. A screen bearing a real image of magnification m, formed by a convex lens is moved a
distance x. The object is then moved until a new image of magnification m, is formed on the

screen. The focal length of the lens is

X
A) ———
m, —m,
m, -m
(B) —2 1
X
X
C€) ———
m,— m,
(D) 1 — b
X
35. If waves in an ocean travel with a phase veloci — AN en what is the group velocity

v, of the ‘wave packet’ of these waves ?
(A) vy =(3/2)v,
(B) vy =(5/2)v,

(

(

36. Calculate t

internal nhected between A and B point, then for what value of R power
loss,
R c R R
AC VWWM V’VVV\_[TIVVV\_ ——OB
2

A)R=% R==r

(A) 5 3

B)R=R R=3r

3
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R __3
C)R=",R=>
©R=7 2"
(D)R’=%,R:2r

37. The stationary wave function of a partical confined to the interval [0,a] on X is written as:

2 nNm )

P (%) = \Esmiqx}._ n=1273..

The energy corresponding to this particle is given by :
n2ﬁ2

2
Ep=—gn
(A) ama
E,= L n2
(B) Emag
E. = Tzﬁz r'|2
(C) ﬂfl‘ﬂ;_‘i2
£ _TOR*
(D) " ma’
38. What is the total charge of the s hich gives rise to the electric field ?
—ar
E(X) = qu .
r
(A1
(B)
(@)

39. If 250 g of Ni at 120° C is dropped into 200 g of water at 10°C contained by a calorimeter of
20 cal/°C heat capacity, what will be the final temperature of the mixture? (Given C; = .

106k cal/°C)
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(A) t = 20°C
(B)t=65°C
(C) t=22°C

PART - C (41-50)

(D)t= 60°C
40. If f O -r", then for what value of n, the circular orbit described is stable?
(A)n>0
B)yn>-1
Cn>-2
DO)n>-3

41. A 5.0 m long platform that weighs 600 N is heid.up by 2 ropes, £ach connected 1.0 m away

from the edge of the platform. A man starts t s'unto one end of the platform,

placing the goods one on top of angther such thiat the” combined centre of gravity of the

goods is always a horizontal dista om the edge of the platform.

15

+—>
1.0m

ass of goods that can be placed on the platform before the platform

ension in the ropes when this maximum mass of goods has been

internal energy, whereas the volume of the gas is held constant in the second vessel. The
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vessels are now connected to allow free mixing of the gas. Find the final temperature and

pressure of the combined system if R = 8.3 J/mol K.

43. The equation of state of a van der Waals gas is given by (P+%j (V-b)=RT
\%

Calculate W, AU, Q and AH of this gas for an isothermal reversible expansion from an initial

volume V,toa final volume V..

44. Two moles of helium gas [y= 5/3] are initially at temperature 2

undergoes an adiabatic change until the temperature return value. (a) What are

final volume and pressure of the gas?(b) What is the gvork done as? [R=8.3 J/mol K]

45, A piston divides a closed gas cylinder into two parts. Initially the piston is kept pressed such

and adiabatic process [y= 1.5].

46. A particle has a velocity 6 x

47 . The zener diode in the circuit shown below regulates at 50V,
ts,from 5 to 40mA. The supply voltage V = 150V. Compute the
egulation from a zero load current to a maximum load current
E

- T

R, T.

L g o]
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48. (a) The rest mass of the electron is 9.028 x10-28 gm. Calculate the energy equivalent in
electron volts.
(b) The atomic mass unit is 1.6550 x10—** gm. Find the corresponding energy in electron
volts.

49, A certain simple curbed structure has a cube edge of 4.85 A°. Take the zekp.0 to be

at the bottom of the lowest free electron band

(a) Assume the electrons are completely free and calculate the (o) energy
state with propagation vector at the centre of a Brillovin Zon

(b) Suppose u(G,) = 0.24 eV, where G, is the reciprocal lagti perpendicular to the
Brillovin zone face of part(a). Calculate the energy:of the two lowe

nearly free electron
states with the propagative vector used in (a).

50. A BJT circuit has g = 50 and V_ = 20 volt and
21kQ,R_=0.1kQ, R, =100 kQ and R, = 5 kQ. Find the Q point.
Assume V,=0.2V.

ANSWE
Question 2 N34 | 5|67 |8]9|10[11|12(13/14|15

Answer AJ/A|C|/A|C|B|B|B|B|B|C
Questi

32133[3435]36|37]38]39]40

HINTS AND SOLUTION

1.(D) Ifais semimajor axis of the ellipse, then the velocity is given as
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By the property of ellipse
major axis 2a = maximum distance + minimum distance

Al vay i X
S

s‘ c
Maximum distance = maximum altltude + radius of earth
= (4100 + 6400)
Minimum distance from centre of earth = 6400 + 1100
So, 2a = (4100 + 6400) + (6400 + 1100) = 18000

2.(A)  Seefig . Here angular momentum about O is conseg¥ed.

“«--a.p»
2 a) _2ma®
— 2 +m =
2 3

where

O

or
3.(C)

en of cross section becomes one fourth, the radius is halved and hence h is

doubled i. m.
4.(B) orce constant k = é when wire is cut, its two parts have length %z and % ¢ and

extensions will also be EM and EM. For the longer portion k™ = F__3F / -3 k

3 3 21300 2 A 2
5.(A)  The force of magnetic induction is given by
Fmag =e (vxB)
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Here = b e(vxr)
am r
_ My €
H Fmag‘ﬁxr_a[vx(vxr)]

2
—- 07, g, :(EJ =1.00x 10°°

M€ : ,
= 0 — x(-v*r
mre ( )
1 er
F —eE=e —
ele. 4me, r°
F

6.(A) Magnetic field at the centre of solenoid is

B =, Ni/¢ here N = 1000
O Magnetic flux linked with solenoid is
2
(p:NBA :w i
Also ¢@=Li
2
0 L= KN A
14
Because the core consist two mediunts , so self induction is
L=Ly+L
_ A
Y

w, N* . A,

H,, Where p =500.

“Og A, +1, A, ] = 0.57 H.
7.(C), Ifpbeth ity of liquid , then
dt dt
_vud (Vp) —up v
dt dt

= v p (volume flowing per second)
=Up(AU)=U2 Ap
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=(2gh)Ap (- v=y2gh) (D)
The mass of water on which this force acts
m=Alp
0 a:EZZQhApZZQh
m Alp I
8.(A) Here,Eq= 1 o and E I
: =1 2 1 27502
O E :—Il (Df .
By 1, 0%
Given that, ho =1, w
Squaring, 12 of =13 o}
Il (")f I2
or 41 =2 ..(2)
b
From egs. (1) and (2), we get
El I2
1 -2 1 >
E2 L ( 1 2)
D o V
9.(C) Q
-
1k 2 kg
g
\ m, g
The equation of motion of two blocks are
T-10=1xa
20-T=2xa
Solving we get, T = (40/3) newton
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(40/3)

TI]’Z

O Stress =

(- Stress = Tension / area of cross section )

Now 2 x 109 = (40/3)

Tll’2
r=46x10% m

10.(B) Herer=0.4mm=4x 103 m. ; ,
o =0.9x103 kg/m3 P= 103 kg/m3
n=0.15 Nm™2s and g=9.8 m/s2
We know that

,-297 (b=
9 n

_2 98 (4 ><10‘3)2 x (103 - 0.9 x103

.0021
9 0.15
11.(B) In spherical polar coordinate position vector
F=xi+yj+zk
SO,
and velocity v =r
12.(B) Her
or
. X
13.(B = sin 21| ft — —
B) y=yp { X
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We know wave velocity v = coefficientof t _ 21f _ .

coefficient of x 2n

v = Af (1)
Maximum particle velocity Vom= wA = 21ty
Given Vom = 4v

= A= Yo
2
14.(B) (a + b) sinb = nA (n=1) %

-8

(a+b)= A =5000x107em _ 14450« 1078 ¢,
sin@ sin30°

(a+b)=1><10_4cm

So, the number of lines per cm on the grating

=2 x 104

15.(C)Since the difference in the re iven as
d=2mn(ng — Ng) /A
(1)
(2

so, 1/2 = (V1H)/(An/wic)

or, An = 2cVH/w
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16.(B) - PV = constant

PdV = VdP
P _ P

av \%
Bulk Modulus K = Vi _WV
v
17.(D) We know vander waals gas equation is

{P+%}[V—b] =

The entropy change along an isothermal process can be wriiten a

AS = Vj(g—\S/J A N T )

from equation (1)

v ), \aT), V-b

-dP _ dP _{—P

\Z
_ 1 _ A
So, AS= R\./[ gV = RV - b)]):
18.(B) f(x) = sinx
f(x) = Ag + Zm:An COS NX (1)
n=1
Ag = %Jf(x) dx . 2 (2)
0
A= %[_([f(x in(n + 1)x — sin(n — 1)x]dx

1
1){cos(n — Drmcos 0}}

1
N %2n| (n
dcos(n+)m=cos(n— =1

for n even cos (n + 1)t=cos(n — 1)mt=-1

—cos(n + 1)n} —ﬁ{l— cos(n — 1)1@}

-T
A = ..(3)
N n2_
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So, f(x) = 2_ T eos 2x — L cos4x — - cos 6x
mnm 3 15

so coefficient of cos(4x) is %T

19.(D) Here A is a 3 x 3 matrix

and |A|=5
B = 4A2
Since A is a matrix of order 3
B = 42|A]
=64 x 25
20.(A) As the volume remains the same , we have

iT[R3:n[i anJ or R3 =nfr ..(1)
3 3

Work done W =T x AA
=T[4mrn—4mR?]
or W=T4Tmn 2 RZ] ..(2)

Further , W = %m vz =1 (i nR3 ..(3)

3

From egs. (2) and (3) , we

liT[R3p 0?2 =
2\ 3

21.(@) LetyRq andiR, be the radius of the circular paths described by the particles X and Y
tively in uniform magnetic field B. Then
ml Uf — ml Ul —
—11 =qu, B =qB
R, qu, B or R, q

m, v3 m
and ;—UZ:qUZBor;—UZ:qB

2 2
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. mou, _mu, m (R )(v, (1)
R, R, m, R, U,

As they are accelerated by the same potential, the K.E. acquired by them will be the same.

Hence %mi v :%m2 v:  or mq 012 =my U]

2
ﬂ = & or & = ﬂ e
m2 Ul Ul m2
Substituting the value of (v, /v,) from eq. (2) in eq.(1), We get
m o _[R) M) o MR
m2 R2 m2 m2 R2
R

2
or m, =| L
m, R,

22.(B) This is an application of Bragg's reflection law, mA =2d sin @ , where @is the glancing
angle, not the angle of incidence. For m =1

A:2ds,impl:(2)(231A)(o.119)

1 1
=0.67 A
23.(D) For attractive central force,
r= l:2 0s 6

u
So, uz =< (1)
2a
3 + 2
N sec” 0 +sec 6 tan“ © (2
2a
Now sub n equation of orbit
)35
2,2
=_ [sec36+sec3 0]
2am
2 3
- _ 1“ sec 6. u2
am
and from equation (1),
sec 8 = 2au
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= f[ij= . 8a®u. u?
u am
__8al?
m
0 u5
1
or f(r) Dr_5
24.(B) If 11 and I, are intensities of two waves then ,
2
O RN
Imin \/H_\/E
2
_ (| NOBES!
(|1/|2 -1
Since , L=

25.(A) F=A
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26.(D) The optical path of ray in a medium of thickness t and refractive index W is given as

i ——
A B
Optical path = ut
where =3
H 2

So, total path
=X+ ut+y

P=—
A

K.E. of striking electrons
P2 h2

3
=X+ —t+
> y
2
27.(A) A, = 2”‘?
According to debroglie statement V
h

K=_"_=
-ray photons
So 2asin30°=1x1.84A
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2a x % =184A
-

A. V.
d d

g CMRR = Ag
A

Cc

Ve
CMRR 'V,
Vi1 =120 pV Vi, = 100 pV

SO, VO = AdVd |:1 +

Given Ad = 3000
CMRR =100

So, Vg =3000(20.pV) {1 +

= (6 x'L072) [1 + 0.055] = 6.33 x 102 volt

Vo =633x 1073V #633mv
30.(A) From logic diagram.

31. The magneti Id inside the toroid is Eq.

g= HNT
2718

The flux through a single turn Fig. is

jBtda:—“ON'h Lyg=toNIh [EJ
21 as 27
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The total flux is N times this, so the self-inductance Eq. is

2
L = HNh m[é}_
21T a

32(C) P=(a,a,00) Q=(-a,a,0)

R=(-a —-4a,0) S=(a —a,0)
all have same mass ‘m’ have uniform density a. We know compo of ingrtia t are -

Lo =2 m(yf +27)

= =m[a2+a2+a2+a2+0+0+0]= a
I =4mxf+z,2
»=zm sz[a2+a2+a2+a2+0+0+0]
l,, =4ma’
Izz: mxi2+yi2
;[ ]:m[a2+a 2+a2 +a 2+a2+a2]
l,, =8ma’
Ly = =2 MX Y,
TR a2 Ba2 - a2 b2
IXY

[0+0+0+0Q]

So, the component of principle axis is not zero but all the product of inertia terms are zero.
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33.(B) The partition function is written as

— -On/KT
z=Yg,e
n

where g, is the degeneracy of the level and T is the temperature.

So, 7z =10+ 1.5¢ €/KT 4 go-3e/KT
7 =1+15e€/KT 1 gg-3eKT
34.(A) In first case
1,11 -
v u f
and B:ml
u
1 1 1
In second case, +— =— .
v+x U f
+
and v ,X =m, .-(4)
v

U_V0U

Fromegs. (1),1+

1+mg =) ..(5)

...(6)
1
35.(A) se velocity v, =A\ 2 (D)
where A =wavelength
Phase velocity v, :%’ ..(ii)
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From Egs. (i) and (ii), we have

1
= D_ar2
k
1
N w= Ay 2 = 2K
VA
3
w=K 0= Ak? .. (iii)
1
k
Group velocity v _dw
9 dk
d 3/2
= Vg —& (Ak )
= Y —A3 K2

= =2 A2
2

N _3 ANY2 =
2

= Group velocity = = v

36.(B) This circuit can be repte ed as also,

R
D OB
R
=R R% R
RA
AO W 4

O>
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3
R

When a emf. E and internal resistance r is connected between A and B t rent in the
E E

R'+r R

—+r
3
power loss in circuit P = (i)2R’
2 E2 B
_| E [R _ 3

circuit i =

R
7+r n

3

EZ

. ; : ’ ......
——r
for maximum value of p, den manmum R.,=
So, R=3r

37.(B) This wave function atisfy the differential equation :

) in this equation by its expression :

N 2 2 242
2()n()():—lz;l_d_ gsin(n_nx): N7
a

2m dx? a
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38.(B) For small r, e 9 is unity and the field is

J— q ~
E=—X
r3

and shows that there is a point charge g at the origin,

_ -ar
For points away from the origin, we may have E:qe3 x and ,
r
1 ——
p =—0E + go(x)
41

|:q(_a)e—ar % [}é +qe—ar3ri3_3qe—ar

1

41

_ 1 age™
411 2

+08(X)

The total charge is

© —ar
= _mj d3)'ie_+q
41tdo r2
=Y e_ar =Y
we know I d3x = 4T[J.
0 2 0

r

e—(XI' «
=-ag + q
-

= —Q +q

Thusithe total ¢harge is zero.

39.(C) Heat lost by Ni = heat gained by water + Calorimeter
We know heat capacity of Ni, Cjj = 0.106 kcal/°C
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Ccalorimeter = -020 K cal/°C

So, 0.250 (0.106) (120° —t) = [(0.200)(1.00 +0.020) | x (t - 10°C)

3.18-0.07t=0.220t-2.20
0.247t=5.38

t=22°C %
. . 0%V
40.(D) Condition for stable orbit, " >0.
r

this condition gets modified to

. 3f(ro)

or |r=y, fo

_ Knron‘l < 3(—Kr0”)

f'o
41. When the platform just startan tend to rotate clockwise, pivoting about the point of

attachment of the ri e. When this occurs, the left rope is slack, and there is no tension

in the rope i
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2250N

Maximum mass of goods = =225Kkg

Since the platform is in equation
ZF=0,and F; =ON

F2=Wgoods * 600 N

= (2250 + 600) N ,
= 2850 N.
15 . _ C\
¢ A—>
F.

weight of A v
platform weight of goods
w goods
42. According to Ist law of thermgdynamics,
AQ =AU + A
So for the vessel forgvhich int y (and hence, temperature ) remains constant

= URT loge (VE/ V) [as AU = 0] [u=1]

4
(&)}

~

3

A 4

I §

<

00 logg (2) = 0.693 x 300R = 207.9 R

h volume is kept const.,

AQ, = AU =uC, AT [as AW =0]

AQ, =1(3/2) RAT [as Cy = (3/2) R]
ing to given problem AQ, =AQ,, i.e.,

207.9R = (3/2)R AT, i.e., AT =1386

i.e., T|: — T| =138.6 with T| =300 K

SO T,: =300 + 138.6 =438.6 K
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Now when the free mixing of gases is allowed
Up+Us=U
W (Cy), T, +1,(Cy), T, =pC, T with p=p, +p,
Here and (Cy)1=(Cy)2=Cy
SO 1x300+1x438.6=2T, ie, T=369.3K
Further for the mixture from PV = yRT withV =V +2V =3V and p =

we have
_ MRT _2x8.3x 369_.33 - 2.462 x 105 N/m
3V 3x8.3x10
. . RT a
43. From the given equation of state, P = V—b Therefore,
a ; ’
or
Integration

the first law AU = Q + W, we have Q=AU—W=a(Vi—iJ + RT In

1 Vo
_|a_a
Vi V,

V,—b
=RTI 2
or Q n(v bJ

1
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Again, by definition, H = U + PV. Therefore, AH = AU+ A(PV).

The given equation of state can be rearranged as

P = ﬂ — iz
V-b V
. . . Vv a
Now, multiplying both sides by V, we obtain PV = RT —— — —
V-b V
Then, A(PV) = RT Vo .V, | _|A_a _
V,-b V,-b VvV, V,

a_a
VZ Vl

_ -RTb(,-V) (a a)_-RTb[Y,
V2 Vl

~(y-b) (ja a
" (V,—Db)(V,—b) (V,—b) v, v,

(1)

Wg =P(Vo-V1) =nR [T -T4] [as PV = nRT]

WB =2 x 8.3 (600 — 300) = 4980 J .(2)
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so  V3=40 x 1073 x (600/300)3/2 =113.12 x g0-

And for adiabatic process, ,
T,V =T,V
But here T3 =T1 =300K, To =600 K and Vy =40 x 10 36 :

and from gas equation P3V3 =nRT3,

_ 2x8.3x300
37 11312x10°

=0.44 x10° N

45, on both sides. Let it be P’, with volume V’. in the left side and
osed in the left chamber
Px5V=PV (1)
while for the gas in the right chamber,
8P xV=P (6V-V) ..(2)
Solving these for V" and P, we get
g
Toll Free: 1800-2000-092 Mobile: 9001297111, 9829619614, 9001894073, 9829567114
Website: www.vpmclasses.com FREE Online Student Portal: examprep.vpmclasses.com

E-Mail: vypmclasses@yahoo.com /info@vpmclasses.com
Page 36




VP M

CLASSECS

NEVMIVPM CLASSES

UGC NET, GATE, CSIR NET, IIT-JAM, IBPS, CSAT/IAS, SLET, CTET, TIFR, NIMCET, JEST, JNU, ISM etc.

V= ﬁv and P'= 13 P
13 6
and 6V V) = % v Fig.

(B) If the change is adiabatic: For the gas in the left chamber,
PGBV)Y =P (V) ..(3)
and for the gas in the right chamber,
8P(V)Y =P” (6V — V)Y
Dividing (4) by (3),

6v-v' '’ 8 6V . 4
, =D or ~ cltT
Vv 5 Y, 5

Substituting it in Eqgn. (3),

3/2
P’:P(SVX3J 33 pogg
10V 22
S0 P’ =184P; V 50 andy, J(6V - V) = gv

46. in S’; frame are given by
cos 60° = 3 x 10’m/ sec, u,= 6x107 sin 60° = 3J3x10'm/sec and v =
3x107 —3x10’
_3x10" x3x10’
(3x10%)
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2
7 7
Also,  u, = 1-{3"10} x_— N3x10

8
A0 3x10"x3x107

(3x10°)’
= \/%XW = \/%xmg =5.2x10"m/sec
Hence the velocity in S’ frame is
u'=0+i+52x10"J or u'=5.2x10"J
This means that the particle will appear to an observer in S! to be movi g the Y- axis

with velocity 5.2 x10/ m/sec.

47. Zener break down takes place in diodes having heavily doped p and n regions with essentially

narrow depletion region. Considerable reverse o intense electric field in the

narrow depletion region causing breakdown of

electron-hole pairs which substanti add to theireverse current which may sustain at a
constant voltage across the jlw. brealf} n is reversible
Is— R I
AT AWl T T

- -
0 volts and
(150 -50)/ R €40 mA

Hence R = 100/40 KQ, i.e 2.5 KQ

For IL = lmaX’ IZ = 5mA

But for R = 2.5 KQ, Is =40 mA.
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Hence 'max =40-5=35mA

48. (a) Rest mass of the electron mg = 9.028 x10—28 gm.

O Energy equivalent = m0c2 =0.028 x10~28 x (3 % 1010)2 ergs

= 81.252 x10~8 ergs : ,
Now one electron volt = 1.6 x10~12 ergs
O Energy in electron volt

_ 81.252 x107°

Coig = 0.5078 x106 eV =050
B6x

(1 MeV = one mil volts)

(b) Atomic mass unit = 1.6558 x10—24 gm
. _ 1.6558x107 x(3x10")?
O Energy equivalent = L6x102 e
= 931 x105 ey’='981 MeV

49, (a) At the zone face centre k

21,2
Energy E = K

ing totally free electron.

JZ
wa 10 v as4a8A

= 4x10°193=1.59eV

Sipce energy u(Gq) = 0-24 eV hence there are two distinct levels, one [u(G4)| below the

free tron level given by
=159-0.24=135¢eV
and other above the free electron level given by
=159+0.24=1.83ev
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50. In case of potential divider bias

(Lj 20 = 0.952 V
5+100

_|

=

I
VR
P

+ |0
Py
N
Ne——
o

o

I

RTh = [ S ] =(5x1°°J = 4.76 kQ.
R, +R, 5+100
Applying the kirchoff’s law to base - emitter circuit %
Ip)

VTh =lo RTh * Vr
Expressing current in mA’s and resistance in kQ's, we have
0.952 =l x4.76 +0.2/+ 0.2+ 51 x I x0.1
Solving we get I =0.076 mA
a I =Blp
=50 x0.76
Further,
O
=20-3.8x2-3.876 x0.01
=12V
So Q point is, =3.8mAand, Vge =12 V.
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