Chapter 5. Heat

Solution 1

PAGE NO-259:

(a)l/kg °C(b)2000 / (4 x 3) J/kg °C(c)AB and CD(d)Latent heat is emitted(e)The first time when temperature is
constant represents change of state from solid to liquid and the second time temperature is constant represents
change of state from liquid to vapour.
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Solution 2
(a)Heat capacity of a body is the quantity of heat required to raise its temperature by 1°C. It depends upon the

mass and the nature of the body.Units: 1/°C or calorie/°C(b)Change in temperature = (50-30) = 20°C Amount of
heat required, Q = m x C x ?T = 0.5 x 4200 x 20 = 42000 ]

Solution 3
(a)This means that 390 J of heat is required to raise the temperature of 1kg of copper by 1°C.(b)Change in
temperature = (100-30) = 70°C = 70 KAmount of heat given out, Q = mx Cx T = 0.6 x 900 x 70 = 37800 ]

Solution 4

a) Principle of Calorirmeter:
Whien a hot body is mized or kept in contact with a cold body, there is a transfer of heat from hot body to cold body such that
Total heat gained by colder body = Total heat lost by the hot body,

if there is no loss of heat to the surroundings.

One calorie is the quantity of heat required to raise the temperature of 1 g of water by 152,
1 calorie = 4,186 joule
orne kilocalorie is the guantity of heat required to raise the ternperature of 1 kg of water by 192,
1 kcal = 4,186 » 10° joule
b} Letthe final termperature of the mixture be B°C,
Heat lost by hot water = Heat gained by cold water
044CxB0-A1=1=Cx(A-20)
or,32-048=08-20
or, A = 37 145
¢l m=23a0g=036kg

Change in temperature, AT = (100-40)%C = 60°C = 60 K

Amourt of heat required, Q = m ®C ® AT
=0.36 %4200 x 60 = 90720 ]
Time taken = 5 min = 300 sec

Fate of heat supplied = 2 - 20720

=302.41/s
t 300




Solution 5
Let the specific heat of the solid be C.
Heat lost by solid = Heat gained by water
0.08 ¥ C % (80-30) = 0.4 x 4200 % (30-10)

0.4=4200=20

or,C =
0.08=50

=g84001kg k!

Solution 6
Let the mass of waber be m.

Heat lost by mercury = Heat gained by water
0.2 #% 140 % (100-25) = m » 4200 % (25-20)

ar,m =W =0.,1kg=1004qg
4200x 5

Solution 7
Specific heat of copper = 390 J kg™k™*

Let the nitial temperature of copper be t,
Heat lost by copper = Heat gained by water
1% 390 % (t-40) = 2 = 4200 & (40-15)

2w 4200= 25
or,t-40= —95 - 538.46

or,t=578.45C

Solution 8

Heat lost by metal = Heat gained by calorimeter and oil
mMsCa(x-2) = myClz-y) + mClz-v)
where, m,C,=32 1/°C
m=10049g
y=30°C
m-.=8049
C,~=0.12 J/g°C
#=00°C
z=35"C

=80= 0,12=(90-39) = 32x|:35 —BD:I + 1000 Cox (35— 3|:|:|
=528= 160+ S00C,

= Cp=07381/g"°C



Solution 9

aj
Latent heatis the amount of hidden heat supplied to or extracted from the substance to change its state without any
change of termperature,
ii. Latent heatof fusion of ice is the armount heat absorbed by ice at 0°C to convert into water at 0°C,

B} Amount of heat requiredto convert icefrom -10°Cto 0 C=mxCx B
=40x2.1x 10=840]

Amount of heat requiredto convert ice at 0°C to water at 0°C = mL
=40 x 330 = 132001

Amount of heat requiredto convert water from0°Cto 20°C==40x4.2 x 20 = 3360 ]
Total heat required during the process = 17400 ]

Solution 10
al

Specific latent heat is the amount of heat required to change the state of unit mass of a substance without change
intemperature,

il.  Specificlatent heat of fusionis the amount of heat required to change unit mass of a solid at its melting point into
liguid at the sametemperature.

b} It meansthat 1 kg of water at 100°C absorbs 2268 1 of heat energy to conwvert into steam at 100°C,

c} Amount of heat given out while converting water from 50°Cto 0*C=mxCx 8
=100x4.2x50= 210001
Amount of heat given out while converting water at 0°Cto ice at 0°C = mL
=100x 330 = 330001
Amount of heat given out while converting ice from 0°Cto -50°C == 100x 2.1 x5 = 10500 ]
Total heat required during the process = 64500 1]

Solution 11
Heat given out by stearn = Heat taken by ice
myl, + My % Cx AT = male
(1000 = 2268) + (1000 % 4.2 » 100) = m, x 336

_ 2688000

et _z00o
T3 g

2000 g of ice mels=,



Solution 12

Solution 13
Let the final termperature of the mikture be £,

Heat gained by ice = Heat lost by water
ml+myeCwrit-0)=rm;% Cx% (305

(200% 3960 + (200 % 42 % £) = 2000 ¥ 4.2 % (30-1)
336 + 4.2F = 42(30-)

t=20°C




Solution 14

(3) Melting paoint is 80°C
(b Boiling point is 200%C,
() In S min, change in temperature = S0°C

%=IDDJ;’S

Heat supplied inS min,Q = 100= 30 = 30001
Q0 =mCAT
co__Q _ 3000
* maT 100=50
(i From S min to 18 min, heat supplied, Q=780x 100= 720001
J=mL
FE000=100= L
L=7801/g
(elFrom 18 min to 40 min, change in temperature = 120°C
% - 1003/ s
Heat supplied in 22 min,Q = 100= 1320 = 1320001
Q=mC AT
Q132000
Yy T T

=0.61/g°C

=111/g°C
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Solution 15

Let the final termperature of the mixture be t.

Heat lost by lead = Heat gained by waber

mL+ my % S, % (3274 =m, » Cy # (5200

1x 27000 + 1% 130 % (327-t) = 1 » 4200 = (£-20)
27000 + 425310 -120t = 42000 - 24000

153510 = 4330t

t=35.45"C

5o, the final termperature of water is 35.45%C,

Solution 16

Let the mass of steam be m.
Heat lost by (steam at 100°C to condense into water at 100°C + 100°C water to corwert into 40°C waker = Heat gained by water to raise
the ternperature to 40°C

me 22658 +me 4.2 % (100-40) = 120 % 4.2 « (40-20)
M{Z265 + 252) = 10080
m=4g



Solution 17

(&) volume against temperature

Volume ——————

At 4o C

Temperature

{b) Temperature against time

il

| Temperamire’
|
]
|
l

4
3T!me

Solution 18

(a) Ice melts under pressure. So, when the steel blades of the skates pressed on the ice, the ice melts. The water
formed makes the skates slide easily over the ice, reducing friction. So, when we are skating on ice, we are
skating on a thin film of water, which acts like lubricating oil. Nothing such happens in case of glass.

(b) Sand improves the friction between car tyres and the road, so cars don't skid on icy surfaces. Salt is spread so
as to decrease the melting point of ice. Ice on the roads melt, making the roads less slippery.

(c) Steam burn is worse than a hot water burn because 1 g of steam gives out 540 calories of additional heat.

(d) Lumps of ice cool better than cold water because each gram of ice requires additional 80 calories of heat to
get converted into water. Hence, cooling capacity of lumps of ice is more than cold water.



Solution 19

(al Mass of water in the bucket = Density » Yolume
= 1000 kg,/m* = 0.01 m?*= 10 kg
Let the mass of water that came out from the tap be m.
Heat lost by hot water = Heat gained by oold water
10 % 4200 ¥ (50501 = m % 4200 » [50-205)
300 = 23m
m=12 kg
12 kg of water came out of tap in 20 sec.

So, the rate at which cold water came out of the tap is % =0akg/e=a00g/s

(b)  Inthe above calculation we assurned that there is no loss of heat to the surroundings

Solution 20
=a501
m=0.25 kg
AT =(35-159) = 20°C
Q=muzC=T
C=L=ﬂ=13m£kg"c

Solution 21

Mass of calorimeter, m,= 57.5g

Specific heat capacty of calorimeter, C, = 0.4 1/g°C
Mass of water taken, m; = 60 g

Specific heat capacity of water, C, = 4.2 1/g°C

Mass of iron nails, m; = 55 g

Specific heat capacity of iron = C;

Initial temperature of iron nails, x = 100°C

Initial termperature of calorimeter + water, y = 12°C
Final temperature of the mixture, z = 20°C

Heat lost by iron nails = Heat gained by calorirmeter and water
MCs(x-z) = myCifz-y} + maC{z-v)

(ﬂ]lcl +m_\C_\j [2_3’)

Cy =
m,(x -2
_(F75x04400:42)(0-13) oy
55%(100- 20)
Solution 22

Let the final termperature of the mixture be t,

Heat lost by lead = Heat gained by waber

mL+ my % S, % (3274 =m, » Cy ® (E-200

1% 27000 + 1% 130 % (327-t) = 1 » 4200 = (£-20)
27000 + 42510 -120t = 42000 - 24000

153510 = 4330t

=35.45%C

5o, the final termperature of water is 35.45%C,



Solution 23

For water:
m=120g=0.12 kg
AT = 10K
C = 4200 1/kgk
D =m#xC AT
=0,12 » 4200 = 10
=5040 ]
For il
Q =50401
m=60g=0.06 k3
AT =40 K
oo @
mx AT
s040

 0.06x40

= 2100 Jikgk

Solution 24

Mass of lead block, m = 250 g
Change in temperature AT = 327°C - 27°C = 300°C =300 K

Z =0.13 1jgk
Armount of heat required to raise the temperature to 327°C,
QD =m®CEAT

=250% 0,13« 300=97301]

Armount of heat required to completely melt the block upto ks melbing point
Q=m#L
=250 % 26 = 6500 1

Solution 25
Armount of heat required to convert ice into steam is as given below:

(ice from -10%C to O°C) = 0.1 x 2100 % 10 = 2100 1

(ice at 0°C to water at 0°C) = 0.1 » 336000 = 33600 ]

(water from 0°C to 100°C) = 0.1 « 4200 » 100 = 42000 1

[water at 100°C to shearmn at 100°C) = 0.1 » 2260000 = 226000 1]

Total amount of heat required = 2100 + 33600 + 42000 + 226000 = 30370 ]

Solution 26

Heat given out during the following three stages:
1, Cooling water from 20°C to 0°C = mC,B, = 100 % 4.2 » 20 = 2400 ]
2. Water at 0°C freezes to form ice at 0°C = m » L = 100 % 336 = 33600 ]
3. Cooling of ice 2t 0%C to -10°C =mC, A, = 100% 2.1 % 10 = 2100 ]

Total quantity of heat given out = 44100 1

Fate of heat extraction in watts = m =
T35« 60

Solution 27

Let the specific latent heat of metal is L.

Mass of molten metal = 1509 = 150 % 107 kg
Q=m=L

FE000 =150 % 103 % L

L=—P000  ci0 Tk

150=107
Additional heat given out by metal in cooling upto -S0%C
QD =m#CxAT
=150 % 107 » 200 » B30 = 25500 ]



Solution 28

Let the latent heat of fusion of ice be L.

Heat gained by ice at -16°C to convert to 0°C = Heat given out by 4 g of water to at 0°Cto freeze intoice at 0°C
(40%2.1%-16) =4 xL

1244 = 4L

L=23361g

Solution 29
%= FO00J f tmin

m=5kg
AT=47-22=250C
C=42001 kg C
Q=m=xCxT
=5x4200= 25= 5250007
525000
7000

Time taken = Tomn

Solution 30

Heat gained by ioe at 0°C to convert to waber at 0°C = Heat lost by water from 34°C to 0%C
17wl =40 % 4.25 « 3¢

17 L = 5780

L =340 1/g

Solution 31

Heat gained by ice at 0°C to convert to water at 0°C = Heat lost by water to change the termperature from 35°C to 0°C
m# 336000 =09 « 4200 « 35

m ¥ 336000 = 132300

m=0.39 kg
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Solution 32

Steam at 100°C will produce more severe burns because every gram of steam gives out 2260 J of heat energy
while condensing. This much amount of heat is additional to the heat contained in one gram of boiling water.

Solution 33
Ice cream appears colder to mouth than water at 09C because it can extract approximately 80 cal/g (latent heat
of fusion of ice)more heat from as compared to water at 0 °C.

Solution 34

Although both ice cubes and iced water are at 0oC but ice cubes cool more quickly because each gram of ice
requires additional 80 calories of heat to get converted into water at the same temperature, i.e., at 0°C. Hence,
the cooling capacity of ice cubes is more than that of iced water.



Solution 35

Specific latent heat of steam is 2250 1/g.

Solution 36

(i} SIunit of heat is joule.

{ii)1cal=4.21

(i} Whenever mechanical workis done, heat is produced.

{iv] Two bodies in contact are saidto be in thermal equilibrium, if they have the same temperature.
(v]) The normal temperature of a human body is 37°C.

{wi} SI unit of specific heat is Jkg*C?,

[wii} The amount of heat requlredto changethe state of a physical substance without arny change of ternperature is called latent heat of
the substance.

{wiii} Ice at 0°Cis colder than water at 0°C.

{ix)} Steam at 100°C is hotter than water at 100°C.

(%} Evaporation causes cocoling.

Solution 37

1 gram of ice at 0°C requires 80 calories of heat to get converted into 1 gram of water at 0°C. So, water has more
heat.

Solution 38

1 gram of water at 100°C requires 540 calories of heat to get converted into 1 gram of steam at 100°C. So, steam
has more heat.

Solution 39
1 gram of ice at 0°C requires additional 80 calories of heat to get converted into water at 0°C. Then, heat is

provided to raise the temperature to 10°C. Therefore, ice requires more heat than water and the additional heat is
known as ‘Latent heat of fusion of ice’.

Solution 40

Pressure cooker increases the pressure and hence the boiling point increases. So, the boiling point becomes
greater than 373kelvin.





