Thermodynamics-I ALLEN’

Thermodynamics-I

SOLUTIONS

EXERCISE - O

1. Ans. (B)
Closed system = exchange of energy is allowed but exchange of matter is not allowed.
2. Ans. (C)
Closed container not insulated = can exchange energy but not matter.
3. Ans. (C)
system & surrounding are always separated by a real or imaginary boundary
(in the case of universe).
4. Ans. (B)
X is intensive variable (ratio of extensive variable becomes intensive).
y
5. Ans. (D)
Internal energy and enthalpy are state functions
6. Ans. (A)
W = —Pexc AV
=-3x(6-4)
= -6 litre-atm
=-6x101.3=-607.8]
7. Ans. (A)
W.D = Area under the PV curve = Area of rectangle
wa-g = -3Po(4Vo - Vo) = -9PyVy
we-p = -Po(Vo - 4Vo) = +3P¢Vo
wa-p & wp-c = 0 (V = constant)
Net W.D = -9P,V(+3PoVo = -6P¢V,

8. Ans. (C)
Work done = are enclosed by ellipse
= n(axb)
a :Vz_v1 b= P,-P
2 2
T
= Z(Pz _Pl)(vz _V1)

9. Ans. (B)
Internal energy is state function it is not path dependent AU = U; - U;
System return to initial state U = U;
AU=0
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10. Ans. (A)
AU=q+w
W =-PexedV=dV =0
w=0
AU =q
AU =200]
11. Ans. (A)
In vacuum Peye = 0
W = —Pexc AV
w=0
12. Ans. (C)
nfRT
2
Uof
13. Ans. (D)
Isothermal = AU =0
14. Ans. (D)
Firstlaw (1 cal=4.2])
AU=qg+w
AU =100 x 4.2 - (300)
AU =420 -300
AU=120]
15. Ans. (A)
Work done by system = -8 ]
Heat=+40]
AU=q+w
40-8=AU
AU=32]
16. Ans. (C)
AU=q+w
300 =400+ 0.5 x AV x 100
AV=2L
17. Ans. (A)
q = +500K] (WD. By system)

U=

Area under P.V curve = -(2x2+ % x2x2)10° (1 bar = 105pascal)

AU=q+w
AU=500-600 = -100K]
18. Ans. (A)
For monoatomic gas C, = gR ; Gy = %R
C, 5
Y= C, -
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19.

20.

21.

22.

23.

24,

Ans. (B)

Enthalpy of system (H) = U + PV

It is the sum of internal energy and PV.

Ans. (A)

Molar heat capacity at constant volume = Cy

Molar heat capacity at constant volume = R
v-1

R
y-1
R

Mg—>
g 1

1 mole —»

Specific heat capacity at constant volume 1 gm —

Ans. (C)

For diatomic gas

n=1Cv= S—R,Cp= B
2 2

AB = Constant volume

Ta=300K, Ts = 600K

gs = AU = l‘leAT
q,=1x 57R(600—300)

qv="750R
CA = Constant pressure
dr = AH = nCpAT

q, = 1x %(300-400)

qv=-350R
Ans. (B)
At constant pressure
AH = nCyAT
AU =nC,AT
-Aw AU C

Required function= — =1- —=1-
AH

v=1-
AH C,

Ans. (B)

Maximum work a gas does if it is allowed to expand iso-thermally

Wmax = —PextAV, Wmax o€ Pext
Ans. (A)

TV? = constant

T1Vi? = T2V2?

400 x 4% =T, x 82

T, = 200x16 _ 140k
AH = nC,AT

=2 x gR x (-300) = ~1500R

M(y-1)

1
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25. Ans. (B)
AH = AU + (-3)RT
AH - AU =-3RT
26. Ans. (A)

\/
Formula based from reversible isothermal process of work done J.dw = —J. PdV
Vl
27. Ans. (D)
[sochoric heating
= V =constant = AV =0
Heating=TT= AT >0
=AU>0
W = - Pexedv = 0 (AV =0)
First law of thermodynamics
AU=q+w (w=0)
AU =q
AU>0
q>0
28. Ans. (C)
For isothermal process PV = constant

P P
Sl =— | — | = slope of isothermal curve
dv \Y%

For adiabatic process, PV " = constant

dP)__(yP
= ( ] =- (V_) = slope of adiabatic curve

dav v
Clearly, (ﬁ) =y (ﬁ}
dV adiabatic dv isothermal
29. Ans. (D)

For reversible adiabatic process,

W = —P | BRT; DRT,
P, P

2 1

PZ = Pext =2 atm
P1=1atm
T;1=300K

w = - (2 atm) 2(R).T, _ 2R(350)
2atm 1 atm

} and w = 2C, (T - 350) = 2 x gR(Tz—BSO)

5R(T: - 350) = (750 R - 2 RT2)
5T, - 1750 = 1400 - 2T,

7T, = 3150; T, = 450 K

w =2 x C,(450 - 350)

=2ngx(100)=500R
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30.

31.

32.

33.

34.

35.

Ans. (B)

Polytropic Process is given by :

PVn=C

work-done for a polytropic process :
_PV,-PV, mR(T,-T,)
~ 1-n 1-n

(m =no. of mole)

C
Co-Cy=Rand 2=y . C=_R_
C, -1

AU = ch(Tz - T1)

AU=m (T D )
Y- (r-1)

NS n)} (y-n)
(y-1) (y-1)

q=AU+w=w{

y—n
XW
1= [v 1]

Ans. (C)
Ta=600K, V4 =1L
PaxVa=1xRTa
Pa=600R

Tg = 300K

Vg =4L

PgVs = 1xRx300

P :¥R 75R

B

PaVax = PpVpx
(600R)(1)* = (75R)(4)*
600Rx1 = 75Rx (4)*
4x=8

22x = 23

2x=3

X==

2
Ans. (A)

—w= jpdv j10d—v_101 V =10x1n 10 atm L=23 atm L =2332.2 ]
1

(q =AU-w)

q=420+2332.2=2752.2]

(A,B,C)

[solated system boundary must be rigid, adiabatic (insulated) & impermeable.

Ans. (B,C,D)

Temperature, Molar heat exchanged at constant volume, Molar heat exchanged at constant
pressure intensive as well as state functions.

Ans. (A, C)

Density, Boiling point independent on the quantity of matter.
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36.

37.

38.

39.

40.

41.

Ans. (A,C,D)

B = Heat = path function

A,C,D = state function

Ans. (A,B)

Intensive = Molar conductivity & E.M.F of a cell
extensive = Resistance & heat capacity

Ans. (C,D)

B——C W=TY (P =constant Vo« T)
Exothermic process

A—> B Pl=TY (V=constant P « T)

Exothermic process
C——> A — Forcyclic process AV =0
PTVTTTT
AU=qg+w
AU = +ve
AU = q - Pext (AV)
AU + Peyt(AV) =g, q = +ve endothermic
L
+ve +ve
Ans. (A,B,C)
Both P & V are increasing so temperature will also increase. Interforce AU > 0
As volume is increasing

So,w<0

AU=q+w

q=AU-w

[AU>0 | w<0

Ans. (A,B,C)

diatomic gas

DOF=f=5

CVZ% , Cp=Cv+ R

Cy :%R , c,,—72R

y=S%_7 14

C, 5

Ans. (A,C,D)

Constant volume (AH =0)

w=-Pdv=0

AU =nCyAT = ﬂAT
y-1
10xR

AU = nCyAT = (1.2_1)><20

AU = nCyAT = 1000 R
AH = yAU = 1200 R

[78]
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EXERCISE - S
1. Ans. (4)

Intensive properties : Temperature , Molar volume , Molar heat capacity, viscosity defined for 1

mole so they are intensive.

2. Ans. (3.29)
Mol. wt. of benzene, CsHs = (6 x 12) + (6 x 1) = 78 g mol-!
(i) 78 g benzene require heat for vaporisation = 30.8 k]

50 g benzene require heat for vaporisation

- %x 50 = 19.74 k]

(ii) 100 watt heater gives energy = 100 ] s-1 [-- TW=1js1]
.. Time required to get 19.74 k] energy

19.74K]

Tooje 1000

=197.4s=197.45x 1 min
60s

= 3.29 minutes
3. Ans. (- 810.4)
Since the gas is allowed to expand against the external pressure, the work done is negative and is
irreversible.
Wirr = = Pext(V2-V1) =-1x(10-2)=-8 atm L
latmL=101.3]
=-8x101.3
=-810.4]
4. Ans. (290.8)
g.mol.wt.of H0=(2x1)+16=18g
C=4.184]g K-
=4.184 x 18 ] mol-K-
n=10 mol; AT =7
Since work has been done against external pressure, it is negative as well as irreversible.

So: W=-PerxAV=-3atmx (5-3)dm3orl=-6atmL(1atmL=101.3])

w=-607.8]
Since work is used to heat 10 mol of water
w=nxCxAT
607.8]

=————=08K
10 x4.184x18

Final temperature = 290 K+ 0.8 K=290.8 K
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5. Ans. (-4.00)
No.of moles,n=1
P_.=1latm

AV=V -V = 5 litre - 1 litre = 4 litre
W _=-P_ -AV=-latmx4 litre = -4 litre atm

gas

W =-4litre atm

gas

6. Ans. (8250.00)
As ideal gas
AU =nC AT
- 1x 57‘7‘ x (800 - 500)

E><E><300
2 3

6250]
_Pext. (Vz - V1)
-2-(20-10) bar-L
-20 x 100 joule
By 1stlaw AU =q + W
6250 =q + (-2000)
g =8250]oule
7. Ans. (303.9)
Pi=3atm,V:=15L,T=273K
P;=1atm,V,=7;
At constant temperature, T
PiVi=P;V2;3x15=1xVy;V,=45L
External pressure being different from that of H; pressure, w is irreversible and negative.
So, W=-Pex (V2-V1)=-1(4.5-1.5)
=-3atmL .. 1latmL=101.3]
=-3x101.3
=-303.9]
8. Ans. (3.50)

A

=

1
Pt
(atm)

0.5 ‘E P

5 0
V (litre) —

PV =1x5

P,V,=0.5x10

AsPV =PV, = Isothermal
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P,
W=- PV/(n| -+
PZ
=- 1x5x€n(i)
0.5
=-5x/n2
=-35
Shaded area = |- 3.5|
=3.5

9. Ans. (-900.00)
As external pressure is constant = Irreversible process
ext’ (VZ - Vl)
=-10°-(10%-107%)
=-10°-102-(1-0.1)

o=-P

=-900 Joule
10. Ans. (13.00)
P T(atm) A
10 atm A (10 atm. 1 lit)
\4
5 atm > C(5 atm, 2 lit)
Y
1 atm B(1 atm, 10 lit)
1 lit 2 lit 10 lit \7_> (lit)

Ideal gas isothermal
So AU, =0

AtoB

Or [dnon ="Waun

[sothermal expansion, 1%t against 5 atm then against 1 atm
Due to Isothermal expansion, T is constant means

PV,=P_.V,

10x1=5xV, =
Total area under P.V. curve
A=5x(2-1)+1x(10-2)
=13 litatm

So work done by gas w, . =-A=-13litatm (expansion)

Now thoB =_WAt0B =+13 litatm
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11.  Ans. (9.00)
No. of molesof gas=n=1

W, =-area under P-V

=- %(7.5 -3)lit.x(2x 8)atm

W, = =-22.5atm lit.

AB

AU

n.R 1
nC, AT = I (T,-T))= (nRT, - nRT))

A8 Y- Y-1
PZVZ _Plvl
Y-1
2atm x 7.5lit —8atm x 3lit
5

21
3

27 ..
——1Ilit atm
2

AU, =-13.5 lit. atm
So AU, =q,,+W,,
= s = AUAB - WAB
=-13.5lit. atm - (-22.5 lit. atm)
q,, = 9 atm lit.
12. Ans. (-3.00)
As adiabatic=q=0
AU=w=-P_.(V,-V)
=-1.(5-2)
=-3barL

13.  Ans.(-562.50,-1.20)
As irreversible adiabatic process:

nRT, anj

nCV(Tz - Tl) =- Pext ( P P
2 1

nx3R(@-40m=—1(n?Q—ni?m}

3(T, - 400) = - T, + 220

4T, = 1200 + 25
1225

= T,=——-0¢K
4
1225
w=nC,/(T,-T,)=1x3Rx [T_M)Oj
=-562.5 cal.
For reversible adiabatic : PI'TY =P, YT,
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N 16 1-4/3 ) T, 4/3
1 400
(29*=T,/400 = T,=200K
w=nC/(T,-T,)
=1x3R. (200 -400)

=-1200 cal =- 1.2 Kcal
14. Ans. (500.00)

5
A monoatomic ideal gas (Y = 5) compressed, adiabatically irreversibly from 4 lit to 1 lit against 1

bar
= w,_=-P_(V,-V)

=-1bar (11it-4lit)

=+ 3 bar lit

=300] (1 barlit=100])
Adiabatic process q=0

AU =w = AU=300]

C

~p
Cy

AH
forideal gas —=
AU

AH:§><300=500

AH=500]
15. Ans. (3.50)
As V-T graph is passing through origin = Isobaric process

q=nC AT
Work done by the gas = nRAT
R

C =
a % "2 g5
W R R

16. Ans. 1440.00, (1440.03 to 1440.04)

H,0(s) = H,0(I) At constant pressure 1 atm, q = 1440 cal
1 mole
Vi 005 =0-0196 lit. Viy,00n =0-018 lit

For solid and liquid reactions, we assume almost negligible volume and pressure change occurs
S0
AH = AU = 1440 cal

17.  Ans. (-3.90 to -4.00)

P
W = -nRT ﬂn(—lj

2
5
=—1><R><300><£nI

=4 K
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18. Ans. (-800.00)
Number of moles of gas n = 1 (ideal gas)
A
B
3P
Pl
A
Po «—(C
100 300 ”
T(k)
Path AB
It P, =P,
P, =3P, (P T)
W, = 0 (isochoric)
Path BC
PB’I‘B = pC’I‘C
= 3P,x300=P xT.= T =900 K
P
PT = constant = P(—Xj = constant =
n
PV =K'
1
X= —
2
W = nRAT
BC X—l
1x2calx (T, —Ty) 1x2calx(900-300)
- x-1 1
2
w,. = - 2400 cal
Path CA I[sobaric path
w,, =-nRAT_, =-1 x 2cal x (100 - 900) = + 1600 cal
Wnet = WAB + WBC + WCA
=0-2400+ 1600
W, =—800 cal
[84] www.allen.in
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19. Ans. (-0.25)
pPvz=C

(nRTjVZZk
\Y

TV =k
= TV, =TV,
273x1="T,x 2

=23

X
224 2 2
= 1 X 224 X —273 =-0.25 atm-L
224 \2x273 2
20. Ans. ((a) 3.67 ; (b) 2566.67 ; (c) -466.67 ; (d) 2100.00)

-JL_.EX(EZ§—273J

P
Process following path v = constant

|PV’2 =constan t|

For polytropic process: PV* = constant

x=-2|

. R
(a) Molar heat capacity: C_=C,, + Tx
= 3 R+ R
2 1-(-2)
= §R+B=ER=E cal/K.mole
2 3 6 3
_11 cal
™ 3 K.mole
(b) Heat absorbed (q) ForT,
q=nC AT %zk: HRJZ/VzK
T
q=1x2 % (500_100) — =k
mol Vv
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= %x(800—100)

=2566.67 cal =

|q=2566.67 Cal|

(9] Work w = g (for polytropic)
X_
_ 1x2calx(800-100)
—-2-1
lw =-466.67 cal

(D) AU=q+w
=2566.67 - 466.67 = 2100 cal

S
21. Ans. (6)
NHj3 is a non-liner molecule
Translational DOF =3
Rotational DOF = 3
Vibrational DOF (at room temp.) =0
So total DOF =6

22. Ans.(i)9 3,24 (i) 9,3,3, 3

T1 _ TZ
VAR'A

3
V.
w3
1

(iii) 3, 3,0, 0 (iv) 12,3,3,6

[CO, is linear]

[SO, is bent]

(i) CO,: Total degrees of freedom = 3 x atomicity=3 x3=9
Translational degrees of freedom = 3
Rotational degrees of freedom = 2
Vibrational degrees of freedom =9 - (3 + 2) =4
(ii) SO, : Total degrees of freedom =3 x 3 =9
Translational degrees of freedom = 3
Rotational degrees of freedom = 3
Vibrational degrees of freedom=9-3-3=3
(iii) He : Total degrees of freedom=3x1=3
Translational degrees of freedom = 3
Rotational and vibrational degrees of freedom = 0
(iv) NH, : Total degrees of freedom =3 x 4 =12

Translational degrees of freedom = 3
Rotational degrees of freedom = 3 [NH, non linear]

Vibrational degrees of freedom=12-3-3=6

[86]
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23. Ans. (a) 170.00 (b) 10.00
(a) q,.=+200]
U,=+10]
AV, =U.-U,=U.-10] (And AU, =w, +q,])

AC

= AU = _% x (6-2) x (5 +15) lz.m3+ 200]
m

= UC—10]=—% x4x20]+200]

= U_-10]=-40]+200]

U.=170]
(b) W, =0 (Isochoric)
AU, =10]
So, AU,,=9,,+W,_
10J=q,, +0

= q,,=+10]
24. Ans. (9900)
Molar volume of liquid at 1 bar pressure = 100 mL =V
molar volume of liquid at 100 bar pressure =100 -1=99mL =V
Since the change in pressure is very large, it is irreversible process.
W=-P(V2-Vy)
=-100 bar (99 - 100) mL
=+ 100 bar mL
The container being isolated,
q=0
But, AU=q+w
So, AU =0+ 100 bar mL = 100 bar mL
Also, AH = AU + A(PV)
AH = AU + (P,V; - P1V4)
AH =100+ (100 x 99 - 1 x 100)
=100 + 9800
=9900 bar ml
25. Ans. (420.00)
For ideal gas
AH = nCp AT

—1x %4360—300)

= Z><2><60
2

=420 calorie
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EXERCISE - JEE (Main) PYQ

Ans. (2)

AUpg = qag + Wag = 2 + (-5) = -3 k] /mol
AUgc = -5 k]/mol

For cyclic process, AU =0

AUpg + AUpc + AUca =0

AUca = -AUpg - AUgc

AUca = -(-3) - (-5) = 8kJ/mol

AUca = qca + Wca

8= (Jca + 3

gca = +5 KkJ/mol

Heat absorbed has positive sign.
Ans. (2)

For reversible isothermal expansion,

V.
w = -nRTln —2
1

VZ
= |w|=-nRTIn—+
1
|w| = nRT(InV; - InV;)
|w| =nRT In V; - nRT V;
y=mx+c

So, slope of curve 2 is more than curve 1 and intercept of curve 2 is more negative than curve 1.

Ans. (2)

We know that,

W = —Pext(Ve - Vi)

w=-4 Nm-2(1 - 5)m3
w=16 Nm=16]

For isothermal compression,
AU=q+w

= gq=-w=-16] (" AU =0 for isothermal process)

From calorimetry,
Heat given = n C AT
1x24]x AT

So, 16 =
molK

2
Change in temperature, AT = 3 K

Ans. (3)
w = -PAV
=—(1bar)x (9L)
=-(105Pa) x (9 x 10-3) m3
=-9x 102 N.m [ 1Pa=1N/m?]
=-900]=-0.9K]

[83]
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5. Ans. (3)
w=10K]
q=-2K]
AU=q+w=-2+10=8K]
6. Ans. (2)

From first law of thermodynamics, AU = q +w
For adiabatic process, q =0
AU =w
For isothermal process, AU=0=q=-w
For cyclic process, AU=0=q =-w
For isochoric process, w=0=AU=q
7. Ans. (3)
AU=nC,/AT=5x28x100=14K]
A(PV)=nR(T2-T1)=5x8x100=4K]
8. Ans. (1)

For ideal gas, C, and C, are dependent on temperature only.

Cp= % R (Independent of P)

Cv= g R (Independent of V)

Thus, C, will not change with pressure.
9. Ans. (3)

[sothermal expansion

PVn =K (graph - C)

K
P= — (graph-A
v (graph - A)

m

\4

D TE——
Vm Vm

Therefore (B) and (D) are not correct representation.

10. Ans. (0)
In expansion against vacuum
Pext =0
W = —PextAV =0
w=0
11. Ans. (48)

Work done is given by the area under the trapezium.

6x6+%x4x6=48]
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12.

13.

14.

15.

16.

17.

18.

Ans. (6.25)

AU =nC,AT

5000 =4 x Cy(500 - 300)

Cy=6.25 K- mol-!

Ans. (82)

HCl + NaOH — NaCl + H0

0.04 0.03 - -
- 0.03 0.03

Heat released (q) = 0.03 x 57.1 x 1000 =1713]

q =mcAT
1713]=500gx 4.18 x AT
v =500 mL

1713

© 500x4.18

=0.8196~82 x 10-2K
Ans. (741)

3
NH2CN(s) + 2 02(g) —> N2(g) + CO2(g) + H20(1)

- AH = AU + An RT
3
Ang=2->=05
2

0.5x8.314x298
1000
=-742.24 + 1.24 = -741 K.
Ans. (57)
AH = AU + AngRT
AH=-59.6 +1x8.314 x 300 x 103 =-57.10
Ans. (2)
Com=Cym+R
= Cym=20.785-8.314=12.471] k-1 ml-!
AU=nC, AT
5000 25

n= = zZ
12.471x200 12.471
Ans. (1)

AH298 = —74224 +

Adiabatic boundary does not allow heat exchange thus heat generated in container can’t escape out

thereby increasing the temperature.

In case of Diathermic container, heat flow can occur to maintain the constant temperature.

Ans. (4)
Extensive = Mole, Volume, Gibbs free energy.

Intensive = Molar mass, Molar heat capacity, Molarity, E° cell.

[90]
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19.

20.

Ans. (1200)

Power of heater = 60 W

=60]/sec

Total energy emitted

=60 x 100 =6000]

Heat capacity x temp difference = 6000
Heat capacity = &500 =1200JK™*

Ans. (620)
1— 2= Isobaric process

2 — 3= Isochoric process
3 —> 1= Isothermal process
W=wW,__,+W, .+W,

1-2 23 31

oot
z{_1><(40—20)+0+[—1X201’rl (%m

=—20+20In2
=—-20+20%2.3x0.3
=—6.2barL
|[W|=6.2bar1=620]

EXERCISE - JEE (Advanced) PYQ

Ans. (A,C,D)

Since temperature is constant in any isothermal process T1 = T
PV,

nR

P V.
Form ideal gas equation T, = 2R2 and T, =
n

from the graph P> P3so T, > Ts
So relation between temperature T = Tz > T3

The work done is the area under P-V curve. Since the isothermal curve is above the adiabatic curve

at all times, the area under the isothermal curve is greater,
Wisothermal > Wadiabatic

AV =nC/At

AUjisothermal = NCy(T1 - T2) = 0 (Since P1 = T3)
and for adiabatic process we have
AUadiabatic = nCy(T2 - T1)<0; (Since T1 > Ts)
Thus AUisothermal > AUadiabatic

Final Answer

Ti=T:>T;

Wisothermal > Wadiabatic

AUisothermal > AUadiabatic

correct Answer — (A,C,D)

www.allen.in
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2.

Ans. (B)

The isobaric process is carried out at constant pressure whereas isochoricis carried out at constant
volume.

From PV = nRT for isochoric process

PaT and for isobaric process VaT

K L
P /
N M

V —>

K — L = Isobaric process

L > M = Isochoric process

M — N = Isobaric process

N — K = Isochoric process

Ans. (C)

K—L

Volume increases at constant pressure, hence the gas will be heated
L>M

Pressure decrease at constant volume, it will take place by cooling
M—>N

Volume decreases at constant pressure, it will take place by cooling the gas
N—->K

Pressure increases at constant volume, it will take place by heating
Ans. (A, B, C)

(A)g=0

(B)T2=T;

(C) P2Vz =P1Vy

This is free expansion & it is irreversible power

Here W, q, AE are zero AT is also zero

q is zero (insulated vessel)

T:=T1

(W = = Pext AV = Zero as Pex = 0)

AE = nCyAT = zero

correct Answer (A), (B), (C)

PV" = constant applicable for irreversible power

Ans. (ABD)

(A) The work done on the gas is maximum when it is compressed reversibly from (P2V>) to (P1V1)
against constant pressure

V2

P2

[92]
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(B) The work done on the gas is les when it' expanded reversibly from Vi to V, under adiabatic

conditions as compared to when expanded reversibly from V1 to V; under thermal conditions

P1 A B
Pt C
Vi1 V2
V-

AB : Reversible isothermal
AC : Reversible adiabatic
|Wag|>|Wac|

(C) The change in internal energy of the gas (i) zero if it's expanded reversibly with T1 = T and (ii)
negatives if it's expanded reversibly under adiabatic conditions with T1 = T>
AU =nC,AT = 0 (isothermal)
AU=q+w=-ve(q=0w<0)
AU =nCAT = AT <0

(D) If the expansion is carried out freely it is simultaneously both isothermal as well as adiabatic
g = 0 (adiabatic) w = 0 (free expansion)
AV =0 = AT =0 (isothermal)
correct option (A), (B) and (D)

6. Ans. (B,C)
(A) qac = AUac = nCy(Tz - T1) = AUpc nCy(T2 - T1)

V.
Wag = -nRT/n 72 (Reversible process)
1

(B) gsc = —P2(V1-V3) = P2(V2-V1) = nCp (T2 - T41)
(C) AHac =nCp(T1 - T2) =nCp(T2-T4)
AVea =nCv(Ty - Tz) = -nCv(Tz - T1)
Cp>Cv
AHac < AVca
(D) gBc = AHgc = nCp, (T2 - T1) Heat at constant pressure
= AHac - nCy(T2 - T1)
AHea=nCp (T1-T2) =-ve (T2>Ti)
AUca =nCv (T1 - T2) =-ve
AHca < AUca
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7. Ans. (A,B,C)
w=- [P dV

ext.

for Vander-Waal gas (P + %)(v —b)=RT

Above expression is applicable for reversible process of a Vander Waal gas.
8. Ans.(7)

ForA—B 600V, =60V, (y=5/3)
(Reversible adiabatic)
= 600 (V1)%/3= 60 (V3)2/3

= V;=10(10)3/2=105/2
Now, qnet = RT2In 10 =60 R In 10 = gas + qsc
gas=0

V.
= Qqec=60RM10=60Rn V—3 [~ B— Cisreversible isothermal]
2

V3
= 60RIn10=60Rn 57
10

5
= log10=1logVs- >

7
= logVs= §:>210gV3:7
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JEE (Main) Practice Paper

SECTION-A
1. Ans. (1)

Heat gain by zinc = Heat loosed by water

MznSzn (Tr — Ti) = my,oSH,0(100 — Tp)

(65.38 gm) (%”c) (T; — 20°C) = (180 gm)(4.20]/g°C)(T; — 100°C)
_ (65.38)(0.4)(20)+(180)(4.20)(100)

Te (65.38)(0.4)+(180)(4.20)

Tr=97.3°C
2. Ans. (3)

First Law of thermodynamics

AU=Q-w Q =45] (heat absorbed)

AU=45-70 Q = 70] (work done by the system)

AU =-25] AU = change in internal Energy
3. Ans. (2)

First Law of thermodynamics

AU=Q+w

w=-PAV,AV=0,w=0

AU=q=500]

w=0

Heat supplied to the system = +ve
[AU =500] [Q = 500]

4. Ans. (2)
q = nCpAT

q=0-25x% gR x AT ; Ar is monoatomic gas

q=0-25><g><8.314><(36—20); C, =gR

q:0-25xgx8.314x16;T2 =36°C

q=83.2joule.; T, =20°C
5. Ans. (2)
Cv=12.5Joule/k mol
Y= &
CV
\% + R .
C -G, —C,
_8.314+125
12.5
v =1.665
An adiabatic reversible process of ideal gas equation we have

'Y:
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PV'=K

Adiabatic process, pressure and volume of a sample of gas changes from (P1V1) to (P.Vz) then

We have
P1 (V1)y = Pz (Vz)y
Thus
K
VY
Work done by gas in this process is
w=—/p.dVv

Where limit integration goes from Vi to V»

Putting P = £
VV

W= _(P1V1 _szz)
v—1

e -nR(T,-T,)
y—1

 —2x8.314x(300-200)

- 1.665-1

=-2500]

=-2.5K]

Ans. (1)

AH = AU + AngRT

AH = Heat given at constant pressure

AU = Heat given at constant volume
AH - AU = AngRT

Ang = the difference between the number of gaseous moles of products and number of gaseous

mol/ es in the reactant

2CeHs (1) + 150.C;—— 12CO0; (g) + 6H20(1)
Ang=-3

AH - AU =-3 x 8.314 x 298]

=-7.432K]

Ans. (2)

Heat capacity is the amount of Heat added to a substance to raise it's temperature by one kelvin.

Lo . dH
Hence at constant pressure, the molar Heat capacity is given by the ratio T

At constant pressure, water is in equilibrium with ice.

When Heat dH is supplied to the system.

The temperature change dT is zero as the heat supplied is utilized for the phase transition.

Hence, the molar Heat capacity of water in equilibrium with ice at constant pressure is infinite.

[96]
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8.

10.

11.

Ans. (3)
T=const=AU=0 AU=q+w=q=-w

Pext:—Zbar) (2bar, 16L)
Wl 2

(8 bar 4L) Py =1bar
W

W=w;+Ww;=- Pext(VZ‘Vl) _Pext(VB_Vz)
- _2(16-4)-1(32 - 16)
=-24-16=-40bar L =-4000].
qg=-w= |4000]

Ans. (2)

Tx —
Jv
TV1/2= constant
For adiabatic process, TV/2 = TVy-1 = constant
YRlTrTy
Ans. (3)
From the question, AU =w (i)
But from the 1* law of thermodynamics
AU=q+w ..(ii)
From equation (i) and (ii)
q=0
Therefore, the process is adiabatic.
Ans. (1)
Two insulated chambers of gas

T, i
P, P, = remove insulator

\ v,
insulator

—> il

A chamber B chamber

insulated chamber so et =0

(1bar, 32L)

Whee=0 (No work done due to intermixing of gases)

So according First law of thermodynamics:
AUnet = Qnet + Whet
= AUnet=0 = AUa+AUg=0
= N1CymATa + N2Cym AT =0
n, T, +n,T,

= 1’11(Tf— T1) + l’lz(Tf— Tz) =0 = Tf =
n, +n,

Plvl PZVZ
+
R R — TlTZ(Plvl + PZVZ) — T

PV, N PV, PV T, +PV,T, '
RT, RT,

= T=

o

n,=n +n,

www.allen.in
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12.

13.

Ans. (2)
PV3 = constant
PVxT

T
Vo —
P

T = constant
P p

T3 o P2
n_T

36
&)%)

300 x 300 x300x8="T,
T, = 600K
: nRAT
x—1
_ 1xRx(600-300)
2

=150R
Ans. (3)
For process (1 — 2)

V
w = -nRTln —2
1

=-1x2x 3001n(%] (R =2 cal/mol K)

=-600 x In;
=-600x0.7

=-420 cal

For process (2 — 3)
w=-p(V2-Vi)

-nRT, —-1x2x300
V,-V.)=—(40-20
v (vV,-V)) 20 ( )

1
w =-600 cal

For process (3 — 4)
Vi=40L,V,=10L, T=600K

VZ
w=-nRTIn —=
1

[98]
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14.

15.

w=-1x2x600xIn E
40

w=1200 x 2In2 = 1680 cal

For process (4 — 1) (isochoric)

w=0

Net work = -420 + 1680 - 600 = 660 cal
Ans. (3)

T
Process A — B = Isobaric
Process B — C = Isothermal
Process C — D = Isochoric
Process D — A = I[sothermal
Ongoing A — B, Volume increases
Hence '3’ is the correct diagram.
Ans. (2)
Pax Ta=Pgx Ts
PaxTa-2Pax 300
Ta=600K
For the process A-B. it's given that
PT = constant

Differentiating above equation partially we have

PdT + TdP =0
Equation of state for two moles of a gas
PV =nRTor P= 2RT
\Y%
After differentiating Eq. (ii)
PdV + VdP = 2RdT
from eq. (ii)
(%j dT+TdP=0
2RTdT + VTdP =0
Vdp =- 2RdT
Now from eq. (iii) and (iv), we have
- 2RdT + PdV = 2RdT
PdV = 4RdT

The work done in the process AB

..(ii)

...(ii)

.(iv)

www.allen.in
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16.

17.

300
W, [PdV= [ 4RdT
600

= 4R(300 - 600)

=-1200R
Wiap=-1200R
AUAB = nCVdT

=2><%><Rx(300—600)

AUgg =-900R
Q=AU-AW
=-900R - 1200R
Q=-2100R
Ans. (3)
moles of HZO(E)=%moles

Cm(H20()) = 75.6 ]/mole k

H;0(]) loss heat and its temperature decreases from 20°C to 0°C

mass of one ice cube =9 gm

9
moles of 1 ice cube = s moles ; AHsussion(ice) = 6 k] /mole

Let N number of ice cubes required (at 0°C) to convert H,0(/) from 20°C to 0°C
So, Heat gain by ice cubes (0°C ice to 0°C H20(!)) = Heats loss by H,0(/)

[20°C H20(J) to 0°C H;0(])
= N x n1 x AHfussion = N2Cm. AT

[n1 = moles of Hz0 in each ice cube = 1/2, nz = moles of liquid water = %]

= inx6 k]=500
18 18

N=500><75.6><20:14
9x6x1000

=
Ans. (3)
work = wab/4

:QXEXIO
7 4

= —0 bar litre
4

=110 bar Litter 1 bar litre = 100 ]

=110 x 100 ]
=11000J

=11KJ (Expanding at lower pressure)

x 75.6(20-0)K]

[100]
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18. Ans. (3)
Area under in the curve

1
=2 X2V, x5R,

= 5PV,
19. Ans. (2)
Work depends upon path so area under the PV curve is maximum in 3 and minimum in 1.

20. Ans. (2)
AU = 10K] 2x20x101.3
1000

=10 K] - 4.052

=5.942 K]

=5948]

SECTION-B

1. Ans. (5)

(1), (iv), (viii), (ix), (x)
At constant pressure, w = -PAV (work on system w = +ve, AV = -ve)
2. Ans. (-45)
Heat released has negative sign thus q = - 65]
The work lone on the system has w = 20]
The expression for the change in the internal energy is
AE=q+w
=-65]+20]
AE=-45]
3. Ans. (4)
No. of moles n = 2 moles (ideal gas)
V = Constant
J
mol.K
T1=300K; T,=400K
Since dU = n CyndT (for ideal gas)

Cv=(16.5+102T)

[du= an C, .dT

AU =2 j (16.5+1072T)dT

300

T

107 400
=2 [16.5T+ 2}

300

-2
107 4002 —3002)}4000]

=2 [16.5(400-300)+ :

AU = 4 k]
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4.

Ans. (75)

2H,00) — 2H20(g

Ang =2

AHvap = AU + AngrT

AHyzp = 2 x 40.66 = 81.32K] mol ™!
81.32=AU+2 x 8.314 x103 x 373
AU =81.32 - 6.202

AU =74.118 K]

Hence when 2 mole liquid water vaporises at 100°C, AU will be 75K]

Ans. (4)
Q=1 Kcal
P=1atm

w= —J'P.dV:—J'dV:—PAV
=-1(1.5-1.2) = - 0.3 Litre-atm

=-0.03K]
1] = Lcal
4.18
—%Kcalz—7.18x10’3Kcal
4.18
AE=Q+w
=1 Kcal - 7.8 x 10-3 Kcal
=0.993 Kcal
=0.993 x 4.184
=415K]~4 K]
Ans. (-10)

The work done = - Pext dv = - PAV

Viinal = Volume of ice = 1.1 L

Vinitia = Volume of water =1.0 L

AV = Vinal = Vinita = 1.1 - 1.0=0.1 L

Work done = - PAV
=-[1.0 x 0.1]
=-0.1L atm (1Latm=101.32])
=-10.1]

Ans. (-39)

Wdone = — Pext (AV)

Wdone = — Pext AV

AV = Area of piston x length covered by piston

AV =500 cm? x 50cm

=25000cm?®
AV = 25L (1000cm®= 1L)
w =-1latm x 25 Litre

[102]
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= - 25 Litre atm
w=-25K] (1 Latm=101.3])
Heat released to surrounding = 36.5 K]
g =-36.5 K] (lose of heat)
AE=q+w
=-36.5-2.5
AE =-39K]
Ans. (8)
5xRx300

Wirr = —PextAV = _Pext(vz - Vl) 4

Wiy = -1(% 1500Rj =-9.33K

P
Wiey = -nRTIn -+ (P1=1 atm, P, = 4 atm for reversible composition process)

2
1
=-5x8.3 x300In—
4

=17.43K]
Wiotal = -9.33 + 17.43
=-8.1kJ
Ans. (60)
Given gace = +80 ] (Heat flow into system)
wace = -30 ] (system work)
So internal energy change
AUacB = qacs + Wacs
=80J-30]
=50]
waps = -10 ] (work done by system)
AUpps = AUacg = 50 ] (U is state function)
and AUaps = qaps + Waps
50J=qaps-10] = qaps=+60]
Ans. (18)
Total DOF = 3N
N = number atoms
X=3x2=6 (for 0z)
Y=3x1=3 (for Ne)
Z =3 x 3 =9 (for H20)

(§j2=9x9=18
vy) %73
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1. Ans. (C)
Boiling point, PH & density are intensive properties because these properties are independent of
mass of sample.

2. Ans. (C)
CV m = ER
2

7
G2t 7
. S 5
2

TV"1= constant
TiViY-l = Tf.VfY‘1

T
5

600 x 1 ="Trx(32)

T, =200 900450k

2

(32)

7
AH =nCPAT=1xER(150—6OO)
=-1575R
3. Ans. (A)
In this cyclic process, net work done is zero because one part is in clockwise cyclic process and

another part is in anticlockwise cyclic process
4. Ans. (A)

AU=q+w w=workdonebygas:%

AU=Q —% Q = heat added

For monoatomic ideal gas
AU = %nRAT

Q = 3nRAT
nCpAT = 3nRAT

5. Ans. (C)
Enthalpy of ideal gas depends on temperature
AH = nCpAT
So, in Isothermal condition AH =0
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6. Ans. (B)
for adiabatic expansion = (w = -Ve)
AU =q +w
AU =w
nCv(Tz - T1) =W-=-vVe
So, T, should be lesser than T:

7. Ans. (A,B,C)

PB _ PC

TB TC

p X500,
250

For process CD

nrT, nRT,
ncv<TD-Tc)=_peX{ - Pf}
3 T, T
ZXE(TB—TC):—S[TB—TC]:—S{?D—TC}
Tp = 450K

Also, AHep = nC,AT = ngRXZOO =1000R

8. Ans. (A,B,C,D)
Enthalpy is a function of Pressure & temperature for a substance.
Absolute value of enthalpy can't be determined because it is not possible to find the exact value of
constituent energies i.e. vibrational, rotational, translational etc.
The heat absorbed during isothermal expansion of an ideal gas against vacuum is zero because
AT = 0 & work done is zero.
Applying Charles's law, at constant PV a T.

9. Ans. (BD)
(A) In adiabatic process
AU=w;q=0
(B) w = nc,AT AT = same
So, w = same in reversible as well as Irreversible process.
(CO)gq=0,AU=W
Ne(T2-T1) =w=-ve
T, -T1=-ve
T, < Ty
In isobaric expansion temperature increases U increase AU = +ve
In adiabatic expansion temperature decrease U decreases AU = -ve
(D) For ideal gas, if AV = same
then, AV (adiabatic expansion) < AU isobaric expansion)
if initial state are same
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10.

11.

12.

Ans. (B(C)

Fusion of ice into water = Melting point

ie. AT=0

AH & AU are nearly equal

Molar heat capacity is the heat required to increase the temperature of one mole of substance by
1°C. So, it is independent of temperature.

Ans. (BD)

Volume of ideal gas double

E; = Change in average. K.E. of molecules for isothermal expansion.

E3 = Change in average K.E. of molecules for free expansion in insulated condition.
E1=E3

E4 = Change in average K.E. of molecules for expansion at constant pressure

then, E4 > E3

Ans. (A)

Work done reversible Isothermal process

W= Pext_T dv

PV =nRT

nRT

P= ——
\%

W = -nRT Id—v =-nRT[(nv]?
vy v '
= -nRT[/nv; - /nv4]

\%
=-nRT /n —2
Vl

W =-2.303 nRT log Y2
Vl
At constant temperature

1
Vo —
P

W =-2.303 nRT log %

2

i.e. w=2.303 nRT log %

1

Work done for reversible adiabatic process/irreversible adiabatic process.

ext.

w=-P Tdv

[106]
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w = nC,AT =nCy(T2-T1)
work done for Irreversible Isothermal process

ext.

w=-P Tdv

(P)—>(1,34);(Q - (2,4);(R)—>(2,4);(S) ~> (4)
13. Ans. (A)
(P) Isothermal vapourisation of water at
100°C & 1latm = Boiling point = AT =0

(Q) Isothermal reversible expansion of an ideal gas

AT =0
AU =nCAT =0
AH =nC,AT =0
(R) Adiabatic free expansion of ideal gas
AT =0
So,AU=0
AH=0
q=0
w=0

(S) Isochoric heating of an ideal gas
i.e.AV=0
So,w=0

14. Ans. (B)

(P) Isothermal process (reversible)
AU=q+w
AU=0
q=-w
q=2.303nRT log 5

PZ

(Q) Adiabatic process (reversible)
PVY = constant

(R) For isochoric processi.e. AV =0
w=0
i.e. Area under PV curve =0

(S) Isothermal process (Irreversible)
q=-w
q = Pext. (Vz - V1)

15. Ans. (B)
In I[sobaric process
AH =nCpAT
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AU = nCyAT
CpAT = CyAT + Aw
Aw = (Cp -Cv)AT {Cpr-Cv=R}
Aw = RAT
=8.3%x72=597.6] =0.59=0.60K]
16. Ans. (A)
AU =AQ - Aw = 1.60 - 0.60 = 1.0K]
17. Ans. (C)
AU = CyAT
C, = % =0.0138K] / molK =13.8] / molK

¢ :£=1.60

— P
"7¢, 138

18. Ans. (2.00)
q=-10]
W=-0.6 (300 -500)=0.6 x 200 x 10-3 x 101.3 ]
AU =-10+12.156

AU =2.156
19. Ans. (2.00)
W = -PexAV = -1 atm (22 - 2) = -20 Litre-atm (1 litre-atm =101.3])
=-2000] = 2kJ
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