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PHYSICS

1. According to law of equipartition of energy, energies equally distributed among its degree of freedom,
Let translational and rotational degree of freedom be f, and f,.
Ky 3
K = 2 and K.+K,=U

Hence the ratio of translational to rotational degrees of freedom is 3:2. Since translational degrees of
freedom is 3, the rotational degrees of freedom must be 2.

1
Internal energy (U) 1% (f, +f,)x 5 RT

_ 1x5x8.3x100
N 2

u U=2075J

1
= Slope of line joining origin to that point o« v

as the slope of line OE is greater than the slope of line OC, So, volume at 'E' is less than that at'C'.
So, ans.is (D).

3. At the initial moment, angular velocity of rod is zero.
Acceleration of end B of rod with respect to end A is shown in figure.
Centripetal acceleration of point B with respect to A is zero (. ®?¢ = 0)
So at the initial moment , acceleration of end B with respect A

to end Ais perpendicular to the rod which is equal to /32 ; p2

a =/la a
rel

va®+b® B b

J = o where o is angular acceleration

4, Before heating let the pressure of gas be P, from the equilibrium piston,
PA = kx,

X 10'=0.1m

_PA _ (ﬂjﬁ _ 1x8.3x100x1072 _
K UV JK T 083x100
Since during heating process,
The spring is compressed further by 0.1 m

x,=0.2m
1
E.
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work done by gas = —.100(0.22-0.1?) = —.100.(0.1) (0.3) = 1.50=1.5J

N =




10.

1.

12.

1
Rotational K.E. = Rotational degree of freedom x —nRT

2
1
=2X EnRT =nRT =PV
\ .
=PA. A = force on piston (L + x) = kx (L + x)

BC is isochoric. V>V, , V, =V, V, >V,
Internal energy and volume depend upon states.

Work done by gas in going isothermally from state Ato B is

AW, =nRT /n E—: =nRT /2 . )
Work done by gas in going isothermally from state B to C is
Ps Po
AW, =nRT fn% =nRT Enﬁ ................ (2)
Itis given that AW, =2 AW,
In ZPTOC = /n(2) P = I%O

Biv
Current in circuit at any time t= Tt

. i 1 (Biv .\
So, energy of inductor at time t = EL Tt

X
t= —

%
So, E oc x?

The electrostatic force on charge is constant, hence it does not effect the time period of spring + particle
system

Initially the charge is at rest, i.e., at extreme position.

The equilibrium position, shall be at a distance Atowards right, where A (by definition) is amplitude of vibration.

oq
A= ke

(e)
L 2kA=—¢C or
<o

A
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13.

14,

15.

4
g,= EGTcRp

3

G{ArnpRe’ +{gn(R+ h)3 —gnRe’} c}

(R+h

= ianR 1—@ +i
3 R

G{(R + h)—[1 —QJR} s
3 R

4
Ag =gy =g, = 37CN[30 - 2p].

)2

3R 21 P4
(@)U,—-U =nCdT=(1) —(8T,-T,)= - RT,
¢ e v 2 2 3 =T I
(b)U,—U,=nCdT
3R
=(1) - (4T,-T,) =4.5RT (wrong) Py
(c) W_ _, , cannot be determined, but
|Wcaa| > |Waab|
W, .|>3P,V, Hence (C)is wrong
Velocity will be maximum at equilibrium position
NN
I
| -%Vmax
M7 7 x
I
= mo’ (£ +x) = Kx
B me?/
= K - mao?
%mvfm = jmof (¢ +x)dx — —Kx?
0
N Ve - 2mo’ /X + mo’x? —Kx?
max m
(mmzf +mo’ (£ +X) - Kx)x
VE =
max m
4£2
V2 = g2 = MO
= e mo® —-K
Y mo* 2
mex K - me?
For maximum extension
h 1 2mw?/
mo® (¢ +x)dx——Kx?_, = x =700
.([ ( ) 2 0 = max mo2

A
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16. from work energy theorem

V,=V,=V,
0,+6,=90° &6,=45°
@ﬁ)z =  0,0,80,areinAP AP # ¥
2usin 6, 2usin 45° 2ucos 6,
1= = To= g - =g
2 2
LERALEEES = T2, T2&T2areinAP
17. From graph intime fromt=0to t = 3 sec.
acceleration of object of mass m, = 10 kg is
_15-0 5 m/s?
a=~—3  =5m/s
. Force on object of mass m fromt=0tot=3sec. (i)
=10x5=50N

Before and after collision at t = 4 sec, the velocities of blocks are as shown.

m,=10kg——>u,=15m/s |m,=25kgl—>u,

Before collision

m,+m,=35kgl——>v=5m/s

after collision

.. initial momentum of system

=m.u, +myu,=150+25u,
final momentum of system

=(m,+m,)v=35x5=175
From conservationof momentum
o150 +25u, =175

or u,=+1m/s
.. speed of second particle just before collision is 1 m/s and before collision both blocks move in same
direction.

18. At constant pressure.
If volume increases, temperature also increases
volume decreases, temperature decreases.
In Isobaric process.
AQ=y.AU
Lo AQ =AU+ AW
oo AW =yAU - AU = (y - 1)AU
AW = (y—1)AU

VA
5 AQ= T AW
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Q 2 _,
= —x—mR°.
19. om X 3 ®
- 2mR?
5
M _5Quw
I 6m
v f
20. fn= (v —vg oS 0)min
v x f
1800 = (V+ Vg COS0)max
On solving,
f =2250Hz
=2300-50

21.  (NBA)i=co

. Co _ (6x107°) (Ej
'= NBA ~ 10x1xmx1074 (2 S8S
i=30mA
. 30
So current corresponding 1 part = 07 3 mA.
22. In an adiabatic expansion,

TV = constant

vy 2
T,V = T(gj y=1+¢

T=(273). (5)*°

< KE)rotationaI > = kT
=1.38 x 102 x 273 x (5)*°
=7 % 102" J (approx).

23 —1+ 22941
SR A -
_4
"3
As we know AW = AQ-AU
AW_ AQ—AU_ Cv
AQ- A T C,
aw 11
AQ T y_4
AQ =4. AW
AQ =100 J.
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24, Net power given to N, gas = 100 — 30 = 70 cal/s
The nitrogen gas expands isobarically.

.Q=ncp I 20=5x L rIL
~Q=nCp 4 or70=>5x 3 at
gt = 2Kk/sec
25. Pressure in the air inside the column of mercury is equal to the weight of mercury over the air divided by

the internal cross sectional area of the tube. When the temperature increases, the weight of the upper part
of the mercury column does not change. That is why the pressure in the air is also constant. For the
isobaric process, the change in volume is proportional to the change in temperature. The same is true for
the lengths of the air column.

¢ T 0T

(=2
o To 7, -1
26. Using 1stlaw of TD

Q=W+U?t

0= (W) +PAV)+ n%RAT

f
Wfan =nRAT + nERAT

W, =nC, AT

fai

f
W, . =(1) (R +ERJ (500 k) (as the gas is expending slowly so p = constant, so T o« v)

W, =14kJ
27. Current in the element = J(2xr . dr) dr
a
Current enclosed by Amperian loop of radius 5
/2
I‘a.[ﬂ 2 d_2nJ0 Es_nJoaz
—Oa.nr.r— 3 \2) ~ 12
Applying Ampere's law
a _  mJya’ _ podoa
B.2n. 5 = Ho- 12 =>B= T
On putting values
B=10uT
28. From the condition given in the paragraph,

P x 2L =nh , Where
P is the momentum,

nh

P=
2L

2

29.  Kineticenergy E———
2m

n’h?

" 8ml’
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31. The initial force on the piston is PA

PA
ca=T

32. Workdone by gas in the adiabatic process

1/2
Vv
= 1—
ZPV[ (V+sz ]

1
So=MvZ= AW
5 Mv

T

33 [ Y - = v.__1
: T (V) ~Vv+Ls 2
-
T s
34 to 36.
Let ‘F’ be the force to be applied on belt to move with same ‘v’
d
Fzﬁzﬂzmd_v_;_d_mvzluv
dt dt dt dt
dw d

=—(Fvdt) =F.v = uv?
(Fvat) z

dt dt

By work energy theorem

dwg N dwy _ dK

dt dt dt’

dt dt 2 2
dw Y
2 fr _ M
V™ +
= H at 2
der _ ,“VZ
dt 2
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37 to 38. By energy conservation,

2mgh = —RAT
10h

AT = ? .............. (I) h
mmaw,%?uxa=RT1 .............. (ii)
andfinally, P__ A(/=h)=RT, ... (iii)
(iii) — (ii)

P(1-h)-10=10h ... (iv)
By equation of adiabatic process PV = constant

LAy =P (AC-h)y

10=P_(1-hy

Put this P_ in equation (iv)
10(1 —h)*—10=10h
(1=h)-* =1=h
(1=h)= =(h+1)

1 1
- _ - - 2
n -(*h = aopy -+
h(h2+h—1)=0
h= Em
2
. e 10 2042 N
an = — 39 = T =0 m=-.
n 1_\/5_1 3/2 (3-+5)°72
2
39 TO 41
4 3/2
For P =§CT
We have PV® = Constant

Thus molar specific heat of gas is

c=C,+ — =C E-ZR C-SR
BT (I [as Cy= 5]
Heat supplied to gas in temperature increment by AT = 300 K in this process is
Q =nCAT=n(2R) (300) =600 R
Charge in internal energy of gas in this process is
5R
AU =nC AT = E 300 =750 R.
Thus work done by the gas is AW =Q-AU=-150 R.
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43. (A) When 0°C ice converts into 0°C water volume decreases slightly, soW_ = -ve.To meltthe ice, some heat
has to be given (Q = mL ) which is almost equal to increase in internal energy.
p C
A
B

\

Since, P-v cycle is clockwise, soW = +ve
and (Au)Cycle =0
(C) By the fan, some work is done on the room air. Done to this, temperature of the gas increases slightly, so
internal energy will increase slightly. Mathematically,
Q=W +Au
Q=-vet+tAu = Au = +ve.
(D) P-V diagram for the process is

From the diagram
W B—C =-ve

Al
(PV), < (PV), = T.<T,
So, internal energy decrease.
(E)dQ=-2dU
5
dQ=2h 5 RdT
dQ/dT
C= =5R Ll (i)
n
5 R
C=C,+ =-R+— ... (i)

1-x 2 1-x
From equ. (i) & (ii),
L3
ge x=z

So, process equ. is
PV?3% = const.

fPl =V1T = W =+ve

. . nRT
To find relation between Tand V, putP = ——

\Y
nRT
v (V®%) = constant
T oc V25
VT = T1 = internal energy will increase.
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44,

45,

/3RT RT
Root mean square speed of molecules = ™ =1.732 vl

/2RT /RT
Most probable speed of molecues = ™ =1.44 vl

Average velocity of a molecule is zero
Speed of any individual molecule may be anything.
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