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11.46: SO!.VED NUMERHCALS OF BOOK:
PROBLEM # 11.1

(i)  The nermal human body temperature is 93.4 °F. What is the temperature on
Celsius scale? ’

DATA: . | SOLUTION: _
Trp=984°F o r°c=§ (T°F - 32)
Te= 2 . R T°C_=§ (98.4-32)
CTC=2 X 66.4
: 9

' (ii) At what temperature do the ¥ ahrenhelt and Celsius scale comcnde

'SOLUTION . I
‘ ‘Let. TF=T°C=X . ° v 9X=5X—16O

1 :§ - 32) ol ax=-160
x——(X 2

| PROBLEM #11.2 :
R A steel rod has a length of exactly 0. 2em at 30 ’C. What will be its length at 60 °C?
DATA SOI.UTI ON:

=02cm™ AT=60-30=30°C=30K
lef"'*O C e Ly=L, {l +x AT}
- T=60°C . o . N7 Lq—07{1+11x10 x 30}
= X107k AN L,=0.2 {1+0.00033}
“'f'Lz—" L e L,=0.2x 1.00033.
B e  |L;=0.200066 cm]

" Self Test ( I) . N ‘ -

(@) A Steel bar is 10m m length at - 2 5 °C. What will be the change in xts length when’
. ¢ citis at 25°Co(B.for steel =3.3 x 10— Kh -(2008) -

: PROBLEM #11.3 R

. Find the change in volmne of an alummum sphere of 0.4m radlus when it is heated
EA from 0°C to 100°C DR . o

DATA'
e TRAV =2
rj04m
T =0°C
. T=100C
-y iec —24x10 k1 -
SOI.UTION“ _ . v
,',;-,*'*Vl_gﬂl' REERS : =100 — 0'“100°C—IOOK
»zv,_'_ G, 14)(04)3" | Using AV=pV,AT
- V= 0.268 m _ AV= 7.2 x 10 x0.268 x 100

B =3 . AV = 0.0019 m°
B =3x24x10°
B =72x10%°k"
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"PROBLEM # 11.4 ’ '

Caiculate the root mean square speed of hydrogen molecule at 800 K.
DATA: T=800K
Vims 0f Ha =7
K=138x10%JK" -
SOLUTION: : m=3.32x10%g

n= 2 ' or  m=332x10"kg
M

N oo m ~ Using v = }E
N, M : S m
1

_ J3 x 138 x 10® x 800
332x 107

I!rms = 3158.5 m/sl‘
Self Test (2) - o

(i) .. Find the root mean square velocity of a hydrogen gas molecule at 100°C. Take the

g

m
— = = Vins
6.02 x 107 2 .

mass of the hydrogen molecule 3.32x107'Kg and K = 1.38 x 102/K - (2002 P.E)
Ans. 21567m/s ‘ , o
(i) Find the reot mean square velocity of a hydrogen molecule at 7°C take the mass of

hydrogen molecule to be 3.32x10

0 K=138x107)K
AnS. Vye= 1868.6 m/s .
B Find r.m.s speed of the nitrogen molecules at 27°C. Given the mass of nitrogen

molecule to he 4.67x10*Kg. K=1.38x10PJ/K. . . (1996)

ADS.  Vyme=515.7 m/s ' o .

PROBLEM # 11.5 : .
(a)  Determine the average value of the Kinetic energy of the Particles of an ideal gas at
0 °C and at 50 °C. L o
DATA:  (K.E)=? :
- () T=0°C+273=273K.
() T=50°%€C+273=323K

Kg and Boltzman constant, . (1998)

SOLUTION:
C(KE) =2 KT
(i) (K.E) = ; x 1138x10% x 273 (i) (K.E) = % x 1.38x 102 x 323
- IK.E=5.65x10"J] - [K.E=6.68x10"TJ]
(b)  Determine the kinetic energy per mole of the particles of an ideal gas at 0 °C and at »
50 °C. ' - -

DATA: K.Epermole=9?
HT=0°C+273=273K
(i) T=50°C+273=323K

SOLUTION: '

K.E per mole = % RT

(i) K.E per mole = i;-x 8.31 x 273 (i) K.E per mole = 2 x831x323

[K.E per mole = 3402.9 joule/mole] " | [K.E per mole = 4026.2 joule/mole]
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PROBLEM # 11.6

A Zkg iron bl{)ck is taken from a furnace where its temperature was 656°C and
placed on a large block of ice at 0 °C. Assuming that all the heat given up by the iron is
used to melt the, how much ice is melted?

‘DATA:
mass of iron block =m, = 2kg
- Temperature of iron block = T, = 650 °C .
mass of ice melted = m, = ? e
Temperature of ice = T, =0 °C
Specific heat capacity of iron = C; = 499.8 J/kg. K
o Latent heat of fusion of ice = H; = 336000 Jikg
SOLUTION: -
AT=650-0
AT =650 °C = 650 K
According to the law of heat exchange Heat lost by iren Blotk = Heat gained by ice
m; C,AT =m, H; }
m2: m, C AT
H
m, _ 2x499.8x 650
336000

PROBLEM #11.7

1In a certain process 400J of heat is supplied to a system and at the same time 150J
of work is done by.the system. What is the increase in the internal energy of the system.

f

DATA: M\ SOLUTION:
Q2400 . AU=AQ-AW
AwW=150] - AU = 400 — 150

AU =2 - [Bu=z0
PROBLEM # 11.8

There is an increase of internal energy by 400J when 800J of work is done by the
system. What is the amount of heat supplied during this process?

DATA: B - SOLUTION:
AU = 400] AQ=AU+AW
AW= 800] ' AQ = 400 + 800

8q= 2 I G
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PROBLEM # 11.9

A heat engine performs 200 of work in each cycle and has efficiency of 20 percent
For each cycle of operation

(a) How much heat is absorbed? and {(b) How much is expelled?
DATA:
AW =200J
E= 20%
(@ Q=7
®) Q=2
SOLUTION:
@  E=2Yy100 ®) AW=Q -Q
) .
20 200 o
I%:—EQT 20Q= 1000 - Q,
: - Q. = 8004}

- Self Test (3)

(i) A heat energy performing 400J of work in each cycle has an efficiency of 25%. How much
heat is absorbed and rejected in each cycle ) 2010)

“Ans. Q,=1600J, Q; =1200J
PROBLEM # II 10

" A heat engine operares between two reservoirs at temperatures of 25°C and 300 °C.
What is the maximum effi cnency for this engine?

DATA: . _%\ | SOLUTION:
© Ti=300°C+273S59k | E= (lT)xlOO ~
. ) !
T, =25 °C+273=298 k | _(1-59—8—)
E=2." | E=(1-052)x 100
' . :  E=048%100
|

Self Test (4)
(i) Find the efﬁcnency of a carnot engme working bet‘ween 100°C and 506°C.
Ans. E=13. 4% E o (1999)

(ii) ~ An ideal heat engine operates in carnot cycle between temperatures 227°C and
127°C and it absorbs 600Joules of heat energy, ﬂnd the (i) work doné per cycle
(ii) Efficiency of the heat engine. R _ (2001)
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o

Il

The low ktemperatu’re reservoir of a carnot engine is at 7°C and has an efficiency of
40 %. If is desired to increase the efficiency upto 50 %. By how much degrees the

temperature of hot reservoir be increased.

DATA:
T,=7°C + 273 = 280k
E, =40 % :
E,=50%

Increase in temp. of hot body = AT = ?

' SOLUTION:

E, =( -EJxloo
N TI

40:[1-28—()])( 100
T,

40 _T,-280

100 T,
2 T,-280
5T

5(T, - 280) = 2T,

STy~ 1400 = 2T,
B STy~ 2T, = 1400-.
3T, = 14000\,
Ti = 466.6 Ko

Self Test (.5)

50 = [‘l—z—ﬁnglOO

1

2(T,' —280)=T,"
2T' ~560 =T,
T,'=560k

‘Now increase in temp. thdt body is

AT = T’[ - Tl
AT =560 - 466.6

(i The low. temperature reservoir of a Carnot enginé is at 5°C and has efﬂcieﬂcy of
40%. It is desired to increase its efficiency to 50%. By what degrees should the

‘temperature of the hot reservoir be increased

? (2013)

(ii)v - The low temperature reservoir of a Carno_t engine is at —3°C and has efﬁciency of
40%. It is desired to increase the efficiency to 50%. By how many degrees should

the temperature of the hot reservoir be increased? [Similar To Q.11.11 of Book
Also Similar To Q.2 (D) 2003 P.M]

(2004)

|
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*i‘l 47: SOLVED NUMERICALS OF PAPERS

Q.1 . A Carnst engine whose low ‘emperafure reservoir is 200K has an efficiency of 50%. It is
desired to increase this to 75%. By how many degree must the temperature of low
temperature reserveir be decreased if the temperature of the higher temperature

reservoir remains constant.
Data:
© T, =200K
E=50%
If E=75%

Decrease in temperature of cold body =
Solution:

As we know that

E:(l--T—Z) x 100........(a) .-

- When E =50%

ATz‘:?

= 400K .. (i)

Self Test (6)

(2012)

When E = 75%

@)= T5= -.T—l x 100
S h00y T

’

TIENNT,
. /T00~" 400
o.75=1-ﬁ—' »
v 400
T, ,
L —2.=025
400. o
T, =025x400

T, =100K ...2) ~ ©

Now Decrease in temp. of cold body

ATy =T, -T —200—100
SRESTIT|

M A Carnot engine ‘whese low temperature reservoir is at 200K has an efﬁcnency of

- 50%. It is‘\desired to increase this to 75%. By how much degrees must the
e emperature be decreased if hxgher temperature of the reservoir remains constant
Ans. AT,= 100K " e (1997)
Q.2 A 200gm) piece of metal is heated to 150°c and then droped mto ‘an alummlum
calotimeter of mass 500gm containing 500gm of water initially at 25°%. Find the
* final equilibrium temperature of the system if the specific heat of metal is 128.100
J/kg K, specific heat of alummum is 903 J/kg K whlle the specifc ‘heat of water
.. ~4200 J/kg K _ : ‘ (201 )
‘Data:
For Metal

Mass of metal =m; = 20()gm = E-O-‘kg‘ = 0.2kg

1000
T, =150°%

Temp. of metal =
Special Heat of metal =
For Calotimeter

‘Mass of calorimeter = m; = 500 = iO—O—kg = 0.5kg

Cy=128.1 Jkg K

1000
Temp. of calorimeter = T, = 25%

Spec1ﬁc Heat of calorimeter = C, = 903 J/kg K
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For Water ,
M»asvs of water = m; = 500gm = Ts%kg =0.5kg

Temp. of water =Ty =25%

Secific Heat of water = C;=4200 J/kg K

Final Temperature of Mixture = T = ?

Solution: o

A, given that b

m:=m3=m=05kg )

T2= T3= t ;250C - - (2)

According to'Law of Heat exchang

Heat gain by calorimeter & water = Heat loss by Metal ,

AQ2+ AQ3=AQ1 ) : : . AQ = mImc AT

m; C AT, + m3 C;AT;=m, C, AT, » AT:=T =T:
or LT AT3 =T -Ts
' mzcz‘(T-T2)+mac3(T-T3)'=n§lc,(T.-T) ~ AT: =T1 5T

.mGCy (T -t) + mC; (T-t)=m, C, (T-T)
m(T-t) (C;+ C3)=m; C,(T-T)

T~ ty "_ mlicl -
T -T - . m(C,+C)) )
T-25 - 0.2x128.1
150-T 0.5 (903 + 4200)
T-25 - 25.62
150-T 25515 » A : ;i
I-25 =" 001004115 | | R o
150-T Lo o . : ,
T-25 = 0.01(150-T)
T-25 = 1.5-00IT
T+0.01T = 1.5+25 .
LoIT =265 .
o 265 ok 320
T = To7 -9 T = 2623°C

Self Test (7) N : e REe e
() - A 100gm_copper block is heated in boiling water for ten minutes and then it is
dropped into 150gm of water at 30°C in a 200gm calorimeter. If the temperature of
- water ‘is, raised to 33.6°C, determine the specific heat of the material of the
.. ‘calorimeter. (for copper C, =386 JKg ' C"'). = , S (2005)
Q.3) Auscientist stores 22 gm of a gas in a tank at 1200 atmospheres. Overnight the tank
~ 'develops slight leakage and the pressure drops to 950 atmospheres. Calculate the
mass of the gas escaped. S . (2009)
- DATA: SR ’ .
m, =22gm=22x10"kg
. Py =1200 atmosph P, = 950 atmosph
Mass escaped =Am=? = = '
SOLUTION: = . ; 'O R
: AFcordlng to Boyle’s low N r m, m, o
with mass effect - : .
PV, PV, ) m _mpP, 22x107x950
m  m * P 1200
m, m, : _ : 1
" There o m=175x10"kg
Vi=V,=V ' Now required escaped mass is
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Am = mj mz BUERTS ‘
= Am =22 % 10722175 % 10‘3 e
Am=4.5x10" kg]
; e - r. - [Am = 45gram| 3 o
Q4 In an lsobanc process 2000 Yof heat energy is supphed to-a cylmder, t. e plston of area
L5 2,0 x 1072, m® moves through 40 em under a pressure of 1 01 x 10° N/m’. Calculate the

. mcrease in mternal energy of the system (2009) B
AQ= 2000 Joule e L |aws PAV e

N -—2)(10’2 ‘ Cmn lor ' AT EE
AY h=40cm = 40x10 m |Aw=PAh [ AV '= Ah]

’Aw~105x105

=105 /xulos N/m

| <2x 102 x 40x 10
1 ,AU_? o

] Aw = 840]0u1e
SOI.U'"ON. TR "Now(l) =
- As'we know'that - _ AQ = 2000~ 840
AQ AU + Aw -~ 1|AQ = 1160 Jould -
AU = AQ AW - a8 e ST

Self ‘l'esc (8) . -
(@) 1200J of heat’ energy are supplied to the system at constant pressiire.” The internal 2,
Lt energy of the system | is increased by 750J nnd the volume by 4.5m3 Fmd the. work

e down agalnst the pressure and thé pressure on the piston. i (2003 1994) -
(i)  'When 2000J of heat energyis supplied to a gas ina cylmder at constant pressuré of
RS B 01x105 N/m the plston of area of cross—sectnon 2x10 m’ moves, through 0. Sm. .

(idf) " ""In an isobanc process, when 2000.1 of heat energy is supphed to a gas ina cylmder, the
_..» piston moves through 0.1m under'a constant pressure of 2x1. 0¥x10° N/m’, 1If the'area
‘of the piston is. 5x10'2m calculate the work done aind the i increase.in the mternal,l
energy of the’ system ) o o X
Ans. _.AU 990 J 3
Q‘.‘S i
e ,dlft’erence of temperatnre betwee
- of the source and the smk ;

'DATA' e A\ -
o AW =2000J .
.Q, =40005

AT =85C\=85K
*  Temp.'of Heat Source = T; = 7. .-
o Temp ofHeatSmk T2=‘7 »

ia}

SOLUTION o
CUAs. AW=Q- Q.
“Or. QI=AW+Q,
. Qi = 2000+ 4000 o
Q, 111110 ) J——

. E 3 3. 33% ______;_;_t--(z) n A
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Self Test (9) /% ' TET e R
@) A Heat engine performs 1000.) of work and at the samie tlme rejects 4000J of heat
o energy to the cold reservoir. What is the efficiency of the engme" If the dlfference
.-of temperature . between the sink” and -the source . of engme is ,75°C; find the
temperature ‘of its source. Lt : . (2002 P.MD:
Q 6 -iCalculate density- ‘of hydrogen gas1 consndermg 1' tq be an 1deal gas, wheri the root
7 mean square velocnty of :hydrogen molecules “is - 1850 m/sec:<at O°C and A
atmospheric pressure. ( atmospher = l 01 x 105 N/m ) (2007 2004)

_ 303510

AP 10t
| [p 008853kg/m|

or g s -
p= 8853 x 10" kg/m’

(2007)

s Efﬁélency E 30% -
- R t =" hour = 3600 sec
YHeat loss per hour ‘-,92 =7

il Now e T
Q2 -—6x109—1 8‘)(109 :

[, —*42x1091_,
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Q.8 A brass ring of 20cm diameter is to be mounted on a metal rod of 20.02cm
diameter at 20°C. To what temperature should the ring be heated?

(for brass a=1.9x 1075 °C™ ) _ _ (2005)
DATA: ' , or : '

Diameter of ring = d; = 20cm. AT = d,-d;

Diameter of rod = d, = 20.02cm. ad,

Initial temperature = T, = 20°C 20.02 =20

Forbrass=a =1.9x 107°/°C

T19x10°%20
Final Temperature = T, =9 9x107°x2

SOLUTION: or--
As we know that ' - _ TZ_T]=.£2__4
Y DENT) S (S — (D ' 3.8x10
Consider length is equal to diameter | T, —20 =52.63
therefore ‘ T,=52.63+20
AL =Ad= dz = d[ ’

L =’d1 ’

- &) = Ad = ad, AT
Seif Test (10) ’ . - B
() A cylinder of diameter 1.00cm at 30°C is to be slid into a hole in a steel
’ plate. The hole has a diameter of 0.9770c¢m, at 30°C. To what temperature

must the plate be heated? (a for steel = 1.1x10'5°C"). - (2002 P.E)
11.48: NUMERICALS FOR SELF PRACTICE:
YEAR2000: -~ -
’ Calculate the volume occupied by, a gram-mole of a gas at 105C and pressure of one
atmosphere. : : A

~ (R=8.313 J/mol-K, latm=101 x 10° N/m?)
Ans. | S
YEAR 1998: e ' :
540 calories of heat is required to vaporize 1g of water at 100°C. Det,erm.ine the
. entropy change involved in vaporizing 5g of water. (One calorie = 4.2 Joules).
Ans. AS=3043-K 7 * ' R
YEAR 1997:

A, glass flask is filled to the mark with 60cm’® of mercury at 20°C. If the flask and
its contents are heated to 40°C, how much mercury will be above the mark?

(For glass a=9x10°/°C and for mercury B=182x10'6/°C),
Ans. AV, =0.186cm’
YEAR 1995: '

A meter bar of steel is corrected at 0°C and another at —2.5°C. What will be the
difference between their length at 30°C. (a=12x IO*”/°C).'

Ans. AL, =3x10%m] -
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1994/2003 P.E:

1200 of heat energy are supplied to the system at constant pressure. The
internal energy of the system is increased by 750J and the volume by 4.5m’. Find
-, the work down against the pressure and the pressure on the piston.

Ans. [P :
YEAR 1992:-

A cylinder contains an ideal as below a frictionless piston fitted in it. If the gas in
the cylinder is supplied 3000J of heat and the piston rises by 0.35m, while the *

internal energy of the gas increases by 400J. Calculate the work done by the
piston. : ‘

Ans. BW= 26003
YEAR 1991: -

- One gram-mole of a gas occupies a volume of 24.93m’ at pressure of 500 N/m?,-
find the temperature of the gas in Celsius. (R=8.313 J- mol-K™)

Ans.
YEAR 1990:

At certain temperature the average Kinetic energy “of hydrogéri molecule is
6.2x10%'J. If the mass of hydiogen molecule is 3.1x10%7Kg, find (i) the
temperature and (ii) root mean square velocity-of hydrogen molecule. '

- . [GivenK =1.38x10% J.K'!] o '
Ans. Vims= 2000 m/s| ; 9 -
YEAR 1989: -

An iron ball has a diameter of Scm and is 0.01mm too large to pass through a
hole in a brass plate when the ball and the plate are at a temperature of 30°C.
At what temperature, will the'ball just pass through the hole?

Ans. T,=40.3°G

YEAR 1987:

The efficiency of a‘heat engine is 50%. If the temperature of the cold reservoir is
300K, find the temperature of hot reservoir.

Ans.

YEAR 1986:

10 Kg of water fall through a distance of 854m and all the energy is effective in
heating the water. To what the temperature will the water be raised if jt was
initially at 20°C. ' '

Ans.
YEAR 1985:;

" What is the root mean square velocity of hydrogen molecule at 300K? Take the mass
of hydrogen molecule to be 3.32x10”*’Kg and Boltzman constant = 1.38x10%°J.K"".

ANS., Vyms= 1934 m/y

|



