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14. Wave Motion

Introductory Exercise 14.1
1 1

1. A function, f can represent wave and y(x, 2) = =
1+(x-20° 1+(x-12

equation, if it satisfy

Pr_p o . el
ot ox® " 12
FOI', y=aSin0)t, ’ v:Z:TZO.E)m/S
2
a—Zy:—(;)Zozsinoat:—w2y 4. y= 10 _ a
gg 5+ (x+20)% b+ (kx + of)?
Y _
but, 5 =0 Amplitude, .y =5 = ? —2m
So, y do not represent wave equation. and E=1lw=2
_ 7(bx7e)2 _ 7(kx7co)2 ’
2. y(x, t) =ae " =ae t v =2 =2m/s and is travelling in (=) x
® c k
:kzbanda)ze:vzzzg direction.
10
1 5 =
3. y(x,t)=————— represent the . N2
1+ (4x + ob)? (kx — 0t)” +2
given pulse, where, ¥(x, 0) = — 120 = 210 =>k=1
1 1 BFx® +2 x° +2
y(x,O):1+k2x2 :1+x2 ®=vk =2m/s x 1m’110:2rad/s
= =
= k=1 Y —20? v 2
Introductory Exercise 14.2
1. y(x, t) =0.02 sin (x + t] m cos (02 + 03)
0.05 0.01 0.5 0.01
= Asin (kx + of) m =2cos (4 +30)
- A:0.02m,k:07%)5m’1,0):07(1)15’1 —2cos 34
(a)u:‘i’:%m/s;s,m/s | :2(_0f5)
k001 =oLims
Mdv, = % = Awcos (kx + ot) 2. Yes, Wp)max = A0 = Ak'% =(Akp
v,(0.2,0.3) =0.02 x 1 3. A=4cm, v =40 cm/s (given)
4
(@yv=" =205 _om,

A 4 cm
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(b)A¢=2—;Ax
27

4 cm

T 1
(¢) At=—Ap=——A
27 ¢ 271V ¢

1 T
Xi
2nx 10 3
1
=—s
60
D v, =0,) max
=—Ao=-2rnAv
=—-2nx2cm x 10s~
=-40ncm/s
=-1.26cm/s

5
x 2.5 cm =anad

1

4. (a))

y = Asin (ot — kx)

:Asin(v-znt—znxJ
A A

2 9
—0.05sin|12x 2" ¢ - 2T,
04 04

=0.05 sin (60 nt — 5mx)
(b) y(0.25, 0.15)
=0.05sin (607 x 0.15 — 51 x 0.25)
=0.05sin (91 — 1.25 n)
=0.05sin (7.75 1) =0.05 sin (1.75 n)

=-0.0354m=-3.54cm
T Ap 025~

() At =— Ap=—"
27 ¢ 0 607
=is:4.2ms
240

Introductory Exercise 14.3

T T Tl
1. v= == |—= ]2
u m/l m
_ [500x2 10045
"\ 006 43

=129.1m/s

2. v:\F: r
po \p-A

O o
9.8 x 10° x 10

Introductory Exercise 14.4

P 1w 1

4 dnx(m)?  4n

2. For line source, I = P

2nrl

1. I-=

W/m

=1 oclandasl o A2
r

2Aoci

Jr
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AIEEE Corner

m Subjective Questions (Level 1)

1. y(x, )=6.50 mm cos 2n

T _ t
28.0cm 0.0360s
= Acos 2n(x - tj
AT
= A=6.50mm, L=28.0cm,
1

v=—=—-_g1=2778Hz
T 0.036

v=vAL=28.0cm x 27.78s ! =778 cm/s
=7.78 m/s

|

The wave is travelling along (+)ve x-axis.

2. y=5sin 30n(t - xj
240

=5sin (SOnt - ng: Asin (ot — kx)

(@) y(2,0) :5sin[3n x 0 —g X 2]

:—5sin—:—i:—3.5350m
J2
2
(b)k:%:—:wcm
E =w/
(0)0_9:3075 =240 cm/s
kE =w/8
(d)v=£:30n:15Hz
T 27

3. y=3cmsin(B.14cm x -314s71 9

=3 cmsin(mem tx =1007s 't)
= Asin(kx — ot)
(@) ©V,) may =Ao0=3cm x 100w ™"
=300mcm/s =3 nm/s =9.4 m/s
(b)a =-a’y =-(100ms )% x 3 cm

sin(6n —111n)

=-300n sin(-105n) =0

4. (a)Ax:ziAq):"/VAq;:ﬂx
T

bl n
2n 500x 2 3

T T -0.166m
601 50

(b) A = 2% At =2mv At =21 x 500 x 1073

=7 =180°
6
5 yx,t)=—
(kx + ot)® +3
6 6
y(x’ 0): =
Ex? +3 x2+3

= k=1m™
= w=vk=45m/s x Im~' =4.5rads

= yx,t)=— ——
Y (x — 4.5t +3
t

6. y:1.0sinn(x—)
2.0 0.01

_1.0sin zn(x _tj
4.0 0.02

=Asin2n(x —tj
AT
(a)A =1.0mm,A=4.0cm, T =0.02s

(b)vp :% = —coAcosZn(;i —;)

2nA (x tj
=—"""co82m| —~ — —
T AT
2n x 1.0 mm x t
= c0s2n| — —
0.02s 4.0 0.02s

T
=——m/scosT
10 {

x ot
2.0cm 0.01s

v,(1.0cm, 0.01s) =

T (1 0.01)
——m/scosm| = - —=
10 2 0.01

-~ " mkcosE=0m/s
10 2

(©)v,(3.0,0.01)

- cosn(3 —1]:0m/s
10 2
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8.

v, (5.0cm, 0.01s) = ~ " ms cos n(5 - 1)
10 2

=0m/s
v,(7.0cm, 0.01s) = ~ " m/s cos rc('7 - 1)
10 2

=0m/s
(d)v,(1.0cm, 0.011s)
=—"ms

10

[1 0.0llj

cosST| = — ————
2 0.01

=~ " cos Tt(l - 1.1)
10 12
= —1£cosO.67r,= —lcos% =9.7 cm/s

vp(l Ocm, 0.012s)

(1 0012)
—— " m/s cos
10

2 001
~ " cosn(0.5-1.2)
10

~ T 0s 0.7 =18.5cm/s
10

v,(1.0cm, 0.013 s) = —%m/s

CcoS T (1 0013) —cosO 87

10

=25.4 cm/s
21 TlZ 1

j

A 40cm 20
=0.157 rad/cm

1 1
—="8=0.125s
8

2 0.01

(a) k=

T =

o =2nv = 167 rad/s =50.26 rad/s
v=vL=8s"!x40cm =320 cm/s
(b) y(x, t) = Acos (kx — wt)
=15.0cm cos(0.157x —50.3¢)
A =0.06m and 2.5). =20 cm

= kzﬁcm:8cm
2.5

_v _300m5 g0 Hy
A 8 cm
_A

sin (kx — ot) =0.06m

9.

sin (%x — 9 x 37501&]
0.08

=0.06m sin(78.5m 'x —23561.9s5 %)

8.00 m/:
(@v="=2""1 sy
A 0.32m

T:E:is =0.043 Hz
v 15
21t 2n

% 0.32m
(b) y = Acos (kx + ot) = Acos 27{3; + ;j

=19.63 rad/m

=0.07m cos 2xn LJrL
0.32m 0.04 s

036+015j

0.32 0.04

=0.07 m cos 27:(9 30)
8 8

(¢) y =0.07m cos 275(

=0.07 m cos @ T
4
e
=0.07m cos(lOn - 4)

-0.07m cos£= 0.0495m

(@ ar= L ap= A0 _mrmd
2n 27 x 25
3

2nv
=——5=0.015s
200
_ \/T _ [T _ Mg
po\pA \pA
B 2x938
8920 x 3.14 x (1.2 x 1073)2
_\/ 2x9.8x 10

=22m/s
89.2x 3.14 x 1.44

11. kmvmfmm

. n.E
\f\/Z2

= =2
=0.12 m.
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12. T =p(L - g, o = | 12 - t:\sz s
i) 8
- Je@-» f - Bl
dx —dt; ¢ g
J& (L —x) 15. u:dﬂ:kx
Let,L-x=y d 2 1, o
cgix:—dy :>M=Idm=jo kxdxzékL
Jf Y =t = k= %
Ve ly L
T [T |TI? dx
u kx 2Mx  dt
1
—+1
t=|dt :IOL /—2M;C dx = /72]‘/2 %’2
TL T 1 4
2
2 2ML3 2 [2ML
e SRR
16. (a)v _\F /Mg
W
nR2d6 o*R = 2T d6 1.5x9.8
T =, ]—— =16.3m/s
= o?R2 == 0.055
n 16.
T 2=V =2035 ) 136m
. Wave speed, v = \F =vVo’R? =Ro v 120/s
H () hocv T /M ie., if M is
(b) Kink remains stationary when rope doubled both speed and wavelength
and kink moves in opposite sence increases by a factor of V2.

i.e., if rope is rotating anticlockwise 17. E=IA 2.2 2
) . E=TAt=2 At
then kink has to move clockwise. nVapy

_o.2.2 2
14. xisbeing measured from lover end of the =2nva”(pd) @.)

string =2n’v?a*u.l
m(x):jdm:J‘xMO xdx=1u0x2 —2§2v2a2m2 312
0 2 =2x (3.14)% x (120)% x (0.16 x 107®)
v(x) = /M = m(x)g x 80 x 1078
=582x 107® J=582 pd =0.58mJ
Mox g 18. P :§ =JA =21°v2a?pvA = 2r°v2 a2 w
Hox V :2n2v2a2,/Tu
j dt =2x (3.14)% x (60)2

/7 gx x (6x107%)%,/80x 5% 1072

=4(3.14 x 60 x 0.06)> =511.6 W
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19. P=IA =27*V*a® [T
=2x (3.14)% x (200)*

x107%./60x 6x 1073

—8x(8.14)%2 x102 x6x 10 ' W

_0.474 W
E-pi—p.L
U
4T4%x 2 0.474x2
_0474x2 _04T4x2 1 g 1emd
60 100
6x107°

m Objective Questions (Level 1)
150 2n
- 60

1. ® =b5rnrads, A=0.04m and

="
4
.y = Asin (ot + 0) =0.04 sin(5nt + Zj
2. ©=600m,v=300=%=2=2z1
U
= y =Asin(ot — kx)
=0.04sin (6007t — 2mx)

20.

¥(0.75,0.01) =0.04sin| 6007 x 0.01 — 27t x ij

3

=0.04 sin (6n - j
2

—0.04 sin(4n + ;‘j —0.04m

1

2 + 3(kx — wt)?
1 1

2+ 3k 2+ 3x2
= k=1
y(x, 2)

3. ylx, )=

y(x, 0) =

1 1
24+3@x-202 2+3(x-9272
.'.v=9=1m/s

k

4, y =Asin(ot — kx) :%
= ot —kx ="
6

=kx

= o=1

[\l

T

T

o

_T
6

P =27%v2a?pvA =27%v%a’pv;v = \F
w

n=—
v2

2

=2n%v%a? z

v2

U
2% (3.14)% x (100)*(0.5 x 107)* x 100
- 100
=2x(3.14)2 x 10* x 0.25x 107°
=493 x 1072 W=49 mW

T
v =2n*v?a? =

= 2T 0.04
6 A

A=12x0.04 =0.48 m.

v _300m/s _19m

v  25Hz

Ad):%Ax: 2n
A 12m

(16-10m ==

y =0.02 sin (x + 30¢t) = Asin (kx + ot)
= k=1 0=30
T

v=2-30m/s = |-
k T
=T=pv? =1.3x10"* x900=0.117N
vpza—y:ay~6x=va—y=slope><v
ot ox ot ox

Up

In transverse wave they are
‘I—> 12

perpendicular i.e., g In longitudinal

wave  up , they are either at 0 or

—ﬁ—‘—b—» v
780, 0, B and nare the possible angles

between v » andv.

ow=2nv=200n rad/s,

3.5x 1072
R=2= @\/E =200m, 227
v T 35



10.

11.

12.

13. v

=2n rad/m
y = Acos(ot — kx) = Acos(200nt — 2mx)

% =2n A sin (200nt — 2nx)
ox

When, y =0
= sin (200t — 2nx) =0
= sin (200t — 2mx) =1

9= "= A-L _0025m
20 40

y =0.025 cos (200nt — 2mx)

2n 2m =8 nrad/s;
T 025

o @ grad/cm

v 48
y = A sin (ot — kx)
=Asin(8n>< 1—><67)
A
2

_As1ng_As1n30°— =3 cm

= A =6cm

A PA A“Ol2
B BTCd2
dB Ty dg ‘5 /2
dA Ty dB/2
1

=2x —
2

E o« A%V?

constant

for E to constant, Av=

Ayvy =Agvp=> A, 4vy =Apvy
=Ap =4A,
k=1 rad/m;v =4 m/s

= w=vk =4rad/s
6 6
" (kx - oot)2+3 (x 4t)? +3
\Fandvt ] \F
E‘Z: h 7‘%

Waves & Motion

14. A=4m, o=

15. w=10rand £=01=n

2n  2n

= A=—=—"=20m
k01

T
2
Ap=2 ax =" 10=7x
» 20

2
(2 - 62t)2 +20

= A— =0.1m, £ =2rad/m
20

16.

»=6.2 rad/s
= Q =3.1m/s
2

and

=1Hz

17. I=2%v A2pv=%m2A2pv
_E _IST 2 v?A%pv St
VoV %
=21% V2 A%p pm 2A2

)

P:§=I.S=2T52V2A2pv~s
:%pO)zAQv-S

E =Pt :P=E=IS:I=£

t S

18. y = A sin (nx + nt)
y (x, 0)
a=-0 y=—0’Asin (mx)

=a=t* (02Aatx:1and§
2 2

=A sin (ix)= y =0forx=0and 1
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vp =nA cos () =>v, =0forx :% and%

So all the above options are correct.

2
19. y=Asin —n(x — bt) = Asin (kx — ot)
a

2
k:j’m:LTCb

a a
v_(o 2nb/a_
kB 2n/a
2n 2m
k 2n/a

x_t x ¢

20. y=Asin2n( j=Asin2Tc( j
a b AT

21.

A=a, T=5b

=
= U=VA=

)

JEE Corner

m Assertion and Reason

1.

For propagation of transverse waves
medium require tension which is
possible due to modulus of rigidity. And
in gases there is no such Young’s
modulus or surface tension. So the
reason given is correct explanation.

Surface tension of water plays the role of
modulus of rigidity and that is why
transverse waves can travel on liquid
surface.

Both the waves are travelling in same
direction with a phase difference of m. So
reason is false.

v=f\A is constant for a particular

medium so if frequency is doubled
wavelength becomes half, and speed
remains constant. Thus assertion is
false.

Sound is mechanical wave which
requires  material medium  for
propagation and as on moon there is no
atmosphere, sound cannot travel.

Angular wave number, Vv :2—; while

wave number, & :% which is defined as

the number of waves per unit length.

12.

Electromagnetic wave are non-
mechanical, they travel depending upon
electric and magnetic properties of
medium. They can travel in medium as
well as an vacuum. So reason is false.

As speed, v =\/? =>v oci in second
H Vi

string p is more (by looking) so v will be

less. Thus reason is true explanation of

assertion.

At point A bothv, and Alis zero ie, K.E.

and P.E. are minimum while at Bbothv,
and Al are maximum i.e., both K.E. and
P.E. are maximum. Thus both assertion
and reason are true but not correct
explanation.

If Pis moving downword then it shows
that the wave is travelling in (-) ve x
direction. So assertion is false.



11. A =2a cos %d),forA:a

m Match the Columns

1. y =asin (bt — cx) = A sin (ot — kx)

Waves & Motion | 9

ap= 2380 o0,
3 3

Assertion is true but the reason is false.

@ U:L‘):é . () |vg=tAo— s
k¢ (d) |azp=0vey,=0> r
(b) (vp)max =Aw=ab s @) E IST 212 v2 A? pust
. (@u==—-= =
(c) V:ﬂzi D Vv Vv \%
2r 2n =27:2\/2A2p=1po)2A2
(d) xzzlzzi s [MI2T 2] 2
E ¢ [ul ===~ =[ML"'T*]>s
2. y =4 cm sin (1t + 2mx) (L7]
b P=E I 15 _0r2 \2A%00s
v, =4ncm/s cos (nt + 2mx) ¢ P
a =-4n* cm/s? sin (nt + 27x) :lmzAvas:lp(ozAzsvaq
_ 2 2
(a) v, (0,¢) =4ncm s cos nt q,r 919
=t4nforcosmt=+1 [P]=E=7[MLT ]=[ML2T_3]—>p
ornt=nn=1t=n=0,1,23,> ¢ [T]
2m-2
(b) a(0, t) = — 472 cm/s? sin nt D, S (@]:E:%
=+ 47 forsin nt=+1 St [L2T]
ornt:(2n+1)g =[MT 3]1=[ML’T %] s
1 _ _
= t-n+1-05255 (d)i=[L1]=[M°L1T°]—>S
2
(c) v, (05,¢) =4ncm/scos (nt +m) | g, 7 (a) | y =Asin (ot — kx) > D
=t4nfornt+n=nn v, = A cos (of — kx) > r
ort=n-1=0,1,2,3, —> o . .
9 a=-o A sin (ot — kx)
(d) a(0.5,8)=—4 7 cm/s D o Lo - 4 in (5
—t+4m= nt+n=@Qn+ 1) = () |y=Asin (kx = of) > P
1 2 v, =— A cos (kx — ot)
ort=n—§=0.5,15,2.5—> a=—(1)2ASin(kx—(Dt)
(c) | y=—Acos (of + kx) > q
3. =Asi ttk tt=0
Y sin (o a v, = oA sin (ot + kx)
=y =+ Asin kx ) a = o*A cos (ot + kx) —> s
v, =twAcos kxanda =- "y () | y=— A cos (kx — o) —> p
(@) |v, =+ 0A cos kx — s v, =— A osin (kx — ot)
(b) |a, =(+)v, as y, is negative | p a = o’ A cos (kx — ot) —> ds
ﬁ




15. Superposition of Waves

Introductory Exercise 15.1

When displacement of all the particles is
momentarily zero, then there is no
elastic potential energy stored in the
string and as the speed is maximum at
mean position, so entire energy is purely

kinetic.
2. (a)vz\F
u
LoV m
U1 Mo
0.25pn; +0.25
_ 1 _
05
= vy =2v; =20cm/s
2v
Mb)a, =—2
Uy + Vg
2x 20 4
= ai = — ai
10 + 20 3
and a, e B a;
Vg + U
~20-10 1

= ai :—ai
20 +10 3

3. (a) For fixed end, a phase change of &
takes place in reflected wave and
direction becomes opposite.
as Y, =0.3 cos (2x — 40%)

= Y, =0.3cos (2x + 40t + n)

4.

5.

(b) For free end, there is no change in
phase for reflected wave and
direction becomes opposite.

as Y, =0.3 cos (2x — 40%)
= Y, =0.3 cos (2x + 40%)

vlzgz =25m/s and vy =50m/s
k

1

~

p |3

\ 2x 50
ai = ai
25+ 50

= a; =
U1 + Uy

=é><2>< 10_3m=§mm.
3 3
_50—25

e 50 ™
+

a, =

:1x2>< lO’Sm:gmm.
3 3

asvy >v; = the boundary is rearer and
there is no phase change.

(O]
By =
Ug
_5011:_
50

v, =§ %« 1073 cos 1 (0.2 x + 500)

and y, :g x 1072 cos m (1.0 x —50%)

_2x40cm

t = =8 s, inverted
lcm/s

JUTTINCY

U
+l77l77ﬁ

<«~——Y<«4cm
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_4+10+6 y y
g =
1 R T
[ - 3 -~
= 205 upright _.1
prig L S wvwereras B ox '] I e x
.Y y 2 4 6 8 1012 14 2 4 6 810 12 14
P — t=2s t=3s
3% ——————— ey 3§ ~—
— y y
4 =1 1 ~
} } >X | } > X 4t —
2 4 6 8 10 12 14 2 4 6 8 10 12 14 3 sl-—z-
t=2s t=3s 1 — 1 I,
I x ! } > X
2 4 6 8 10 12 14 2 4 6 810 12 14
t=2s t=5s

Introductory Exercise 15 2

cy =5sin " cos 40nt = 2a sin kx cos ot == —50m/s
3 4x1072

a :§=2.5cm E="em™?, 0=40ns!

2 - ’ == Z =125Hz
o 40n
Z %_120‘:“1/5 and is fundamental tone or first
A 121 ¢ & harmonic.
S22 " cm=3cm _ o 2m
"9 92 kB B /9 y =0.1sin 7ac sin 2mvi
d
Up = d*y 200nsin% sin 40m¢ =0.1sinzznxsin 2nx 12.5¢
( -5, Z)=—2007T5in (gg) =0.1sin gxsin 25 mt
. 9 A 4
s1n(40nx—j (b)3§=2m:k=§mandv=50m/s
8
v 50 d d
:—200nsln(2j51n(45n) V= T FH z=37.5Hz and is 2n
—_9200x1x0 overtone or 3rd harmonic.
—0em/s y =0.04 sin —4273 xsin 2nx 37.5¢

. Two waves with different amplitudes
can produce partial stationary waves

with amplitude .of antinodes being 7 7 400 % 4

a, + ay, and amplitude of nodes being 4, v= |[— = |— = —
a; ~ ay. As here node is not stationary u m 160 x 10

that is why energy is also transported 1600 9

through nodes. “116x102 107 =100m/s

. (a)g=2m:>k:4m,

=0.04 sin 3—2nx‘sin 75 nt

(a)%)=l:7\0 =4/ =16m
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3h gy, =M 16 533m
3 3
and%=l:>7»2 =il=Em=3.2m
4 5 5
(b) v, _ v 1004 o5 Hy
0 6
v =2 =100 g5 H,
A, 16/3
vy =Y =100 5 051,
,  16/5
5. l:n&:%n:0.27n
A 048
and I=(n+D)—=——-(+1)
2 2
=024 (n+1)

= 027n=024n+0.24

. vy L [F
20\ p
E
= Yo _ |2
V1 Fy

_ M +2.2 =@=E
2.2 220 11

M +2.2 169 48
= = =1+

22 121 121
M
=1+—
2.2
48 x 2.2
. M:Lzﬁzo_smkg
121 11

8. nvy =250Hzand (n + Dv, =300 Hz

= vy =50 Hz
=0.03n=024=n=8 and n =5 = So these are 5th and 6th
(a) These are 8th and 9th harmonic harmonics.
0)1=027Tn=027x8=2.16m 1 |F
@50 =1=2 =2 =4.32m 20 \

= F=41%2n =4 x 50

6. 5V0 —2V0 =54 Hz 36X1073 360N
— 8v, =54 Hz=v, =18 Hz 1 T
AIEEE Corner

m Subjective Question (Level 1)
1. A= \/Af + A? +2A, A, cos 90°
= A;+/2 =42 cm =5.66 cm
2. 1)2 =201
A =270 LU p 1y
Vg + Uy 3v, 3
20y

A, - AP gty
Uy + 0y 3v, 3

and

A=\/102 +20% +2x 10><20cos§

= /100 + 400 + 200 = /700 = 10J7
=26.46 units

20 sin =~
tan@=—— 35

10 + 20 cos g

n_3

=sin — =—
3 2

= 0=tan! (fj =0.714 rad

.. Phase =5x + 25¢ + 0.714 rad.

4. y, =lcmsin (rem 'x — 50 s '8



¥o =15cm sin (g em lx — 100 7™

-
y; (4.5,5x107) =1 cm sin [4.5 -
=1sin (g T —
2

i)
4
=1sin (l’h)
4
=1cm sin (47: + E)
4
icm and

2
vy (4.5,5x 10 3)—15cms1n(

:lsinE:
I _
4

:l

=1.5cm sm(%
4

—15sm(

—15s1n( T+ )
4

15,
V2
N 1 _15
y yl yZ \/Q \/Q
__05__ 1
2 2/2
T 16N
5. v=_|—= - 5
1) 0.4 x 10™° x 10° kg/N

116 x 102
= %:201}1/5

(a) For same shape, time,
21 2x0.2
=— = s =0.02s

v

(b)

)

Superposition of Waves | 13

—
3
3_/\ P = 4_\/—%
t=0s t=0.01s

250 n .
1000 )= 3 E

t=002s

6. (a)

1 —1cm/3 1 —>1cm/s

AN Vo

> <—><—><:>E
1em 1cm2cm 1cm1cm 1cm
t=0 t=1s
—
1ch 1cm/s y
5007 1cm 1cm AN
1000 t=2s t=3s
1cm 1cm
<—><—>E
j 1ch
t=4s
(b)
1ch —1cm/s 1ch —1cm/s
DY e Y N
1cm1cm1cm 1cm1cm 1cm
t=0 t=1s
—

1 ch A cm/s:> _./lo: 2 em
<> >
1cm1cm 1cm
t=2s t=3s

1ch

omTom
t=4s
7. y =1.5sin (0.4 x) cos (200¢)
=2A sin kx cos ot
21 21
=—=—=btm=15.Tm
k04
- © _200_100y, 3187y
21 2n b
=9 _200 _500m/s
kE 04
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8. y=y; + ¥y =3 cm sin (mx + 0.6 nt)

10.

11.

+ 3 cm sin (mx — 0.6 «f)
=6 cm sin nx cos 0.6 it = R cos 0.6 nt
where, R =6 cm sin mx.
(a) R (0.25)

_6 5 V2 em =4.24 cm

V2
(b) R (0.50) =6 cm sin w x %:60111

=6cm sin nxl
4

(c) R (1.50)

3
=6cm sin7n=—6cm
= |R|=6cm

(d) For antinodes, R =+ 6 cm

= sinm=t1=>m=2n + 1)g

orx=n+ % =0.5¢cm, 1.5cm, 2.5 cm
_2n 2nm
4 w2

(a) Distance between
antinodes = B =2cm

successive

(b) R(x) =2A sin kx

=2 x mem singx0.5

=2n sin T
4

—27[ 2 mem

n+1 n+1 20
V
T2x2019x10°3

n+1 100 V2 502 542
60 3 9 9
=0.786(n + 1)
=(0.786 Hz

1.57 Hz, 2.36 Hz, 3.14 Hz
(a) T = pv® =pv?»?
1.2x 1073
S EE Y (22002 x (1.4)2
-162.6N
(b)vy =3 v, =3 x220Hz =660 Hz

13.

14. L=

16. v

n+1

n+1 50
Ve = " 2061001

:M(n+l):5893(n+l)HZ

v, <20000Hz = n =338
- Vi3s =339 x 58.93 = 199758 Hz
=19.976 kHz

nvy =420Hz and(n + 1) v, =490 Hz
= vy, =70Hzandn =6

450
.'.V0=i z:}l:i zz 0005
21\ v V. |2x70

_300 =2.143m

140
v 400m/s _ 1
~ 800Hz 2

l:4&:2k:1m
2

ki

(a)4vy =400Hz=v, =100 Hz
(b) 7vy =700Hz
1 |T

..position of first bridge = 6x = % m

and position of second bridge
=6x + 3x =9x :gm
11

From the sameendor1 — % = 2 m

11
from other end .



v
17. v, =
DY)
= A
Y7
= l'=v—°l=&x900m=600m
v 186

18.

20.

. VO sl

Thus length of the vibrating string has
to be 60 cm.

%=15cm:>7»:30cm,

R, .« =2A =0.85cm,
T =0.075s

(a) y =2A sin kx sin ot

2 2
=0.85cm sin _er x | sin T t
0.3m 0.075s

21/0.075
b v=2= i _ 03 =4m/s
k 21/0.3 0.075
(c)& = 30 =7.5cm
4 4

R (7.5 +3) =2A sin kx
—0.85sin 2" x 105
30

. R(115cm) :0.85sm(@)
30
=0.85sin (0.7 n)
=0.85(126°) = 0.688 cm

v 48 16Hz

“2x15
v 48

vy =3vy =48 Hz and ), =V—=4—8=1m
2

and

V3:4V0 :64HZ
and A4 _v _48_3 =0.75m
Vs 4

y =5.60 cm sin (0.340 rad/cm x)

sin (50.0 rad/s t)
=2A sin (kx) sin (ot)

® ﬂ/_\//—\\/_\g

i\_z/\\_/ \_//E
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(b)2A =5.60cm= A =2.80 cm
A 3 2n 3m
()l=3===. —_

2 2k k
= 3 cm =277.2cm
0.0340
21

2
@r=2"_

k  0.0340

o 50

v=—=—=796Hz
27 2%
1_ 1 o _216s
v 7.96

cm =184.8 cm

v=vA=7.96Hz x 184.8 cm
=1470cm/s
(@) V,) max = Rmax ®=2A0
=5.60cm x 50rad/s
=280cm/s

(f) for eight harmonic,
277 .2
sg:z:x: L2

e =69.3 cm
27 _ 2x 3.14

N 693
V' =8v, =§~v =§x 7.96Hz
3 3

=0.0907 rad/cm

=21.22Hz
o =2nv =133.4rad/s

= y =5.60cm sin (0.0907 rad/s - x)

sin -(133 rad/s - t)
(@)v=vih=vy -2/ =60x2x0.8

=96 m/s

b)) T =pv? = 40X710_23

80x 10~
967

21.

x (96)2

=460.8 N

(©) W) max =Rpmax @
=0.3cm x 2xn
x 60 rad/s =113 cm/s =1.13 m/s
U e = @R, =(120 12 x 0.3 cm/s?
=426.4 m/s>

m Objective Questions (Level 1)
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L
T
9T =4 (T +25)

5T 10=T = 2N
n+1

T+25 7

n+ 1 n+ 1
= = constant.
20r p

n+loe—
ﬁ
n+1 L d [T,
n2 +1 l2 d2
1 1
=—X =X
2 3
1 130
V2
+1 10.
T2 3
ng+1
1
. fcx:i’lzll +l2 +l3
1 1 1 1
= =+ +
fo i fo 13
. During overlapping the RN
displacement of particles ’—<—>—’
is zero while velocity is N
maximum. So the entire
energy is purely kinetic. 11.
y(x, ) =y, + ¥y =acos (kx + o) + y,
=—2a sin kx sin ot is necessary for a
node at x =0. Thus,
y9 =2a sin kx sin ot — a cos (kx + i)
=—2a sin kx sin of — a cos kx cos ot
+ asin kx sin ot
= — alcos kx cos ot + sin kx sin of]
=—a cos (kx — of)
. In transverse stationary wave,
longitudinal strain is maximum at node. 19,

While in longitudinal stationary wave at
displacement node pressure and density
are maximum. So all are correct.

n+1
nr? 8.

. In stationary wave all particles errors

the mean position simultaneously and
are at their maximum displacement
simultaneously at different instant at
this time all of them are at rest. So all
are correct.

Maximum displacement
Ymax =3A —A +2A =4A
YA

l

vy Uy P A

v, _vl \F l
p

1
ntl 100 g6 41
2% 1 10.01

=50Hz, 100 Hz, 150 Hz

2 + 1
oot 100 o5 om + 1)
4x1 V001

=25Hz, 75Hz, 125 Hz
" ny =75Hz _hith
2
_50Hz + 100Hz

f -

n

=75Hz

In stationary waves all particles perform
SHM such that they are at their positive

and negative m/ RN
extremes N N
N /M

one time

each in a

time period, where they come to rest.
Particles between two successive nodes
are in phase while beside node are in
opposite phase. So all the particles
cannot be at positive extreme
simultaneously.

The question is wrong, string has to be
fix at one end and free at other. Then

@n+1Dvy,=90Hz(2n +3) v, =50Hz
and (2n + 5)v, =210Hz



=2vy =60Hzorvy, =30Hzandn =1
i.e., vibrations are 3rd, 5th and 7th

harmonic.
Ao =20=1.6m
UV=vorg =30Hz x 1.6 m

=48 m/s
13. y=y, + 5, +y3:12sin(9—g)

+651n(9+0)+4sin(6+g)

=6sin® —12cos 0 + 4 cos O
=6sin® —8 cos O

:>R:\/62 + 82 +2><6><800sg

=+/100

=10mm

14. 2n+1) v, =105Hz
18.
and (@2n+3)vy,=175Hz
= 2vy, =70 Hz
= vo =35Hz
15. l1:l2:l3:i:i:i 1 1 1
vi Vg vy 134
=12:4:3
v 12x+ 4x +3x =114 cm
114
= x="—cm=6cm
19
w1 =12¢=72cm, [, =4x =24 cm, 19.
l3 =3x =18 cm
16.
Vpg VG1g 20.
f/3 /Vpg chg
= 21
A 9
oy _3/4 27 oy 32 ..o
oy 8/9 32 o 27
where o is density of water and o, is 22.

density of the other liquid.
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17. R=2A sinKx=4mmsin2—;x

2nx

=4 mm sin ——
3m

2
2mm =4 mm sin?m

2 nx T
= @ — ==
3 3
= x=0.5m

Thus points 1 and 2 are at 0.5 m from
their nearest boundary. So separation
between them is

1.5m -2x0.5m =0.5m =50m

y =— A sin (ot — kx)

=—Asin (2nvt—2ﬂx)
v
=— A sin (6 ¢ — 2mx)
y3,t) =+ A=—Asin (6t -6
= A sin (6 — 67t)
6r—6nt =~ L _ gy
2 2

11
= t=—s
12
2
Ad)l—%Ax——n §7\, 3m
A A2

T T 5m

and Apy =——= Ap=3n——=—
b =mg= M=dn-o =1
nvy =400Hz, (n + Dv =450 Hz

R =50Hzandn 8

1 T
Vo = -
2l 2v0
1 0.7m
2 x 50 \j 0 1 100

A

. 3~—=1m,k:gm
2 3

v =vA =300Hz x §m=200m/s

z:ﬁ%%
27 27 2
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2l 21
= Ay =2 kg =2 A =
1 2 9 3 3
2l 21
M oihg tAhe =20 : —:=
1 2 3 9 3
.11
2°3
21
23. A¢=7Ax
2 2
S A= 2T L (16-10)
oT 300 x 0.04
2
——nx6=n
12
24. v=2-3% _30mys
o1
_|rT_|T
poo\pA

- T =pAv? =8000x 107® x 900 =7.2N
25. 5v, =480 Hz, 2v, =§ « 480 Hz

=192 Hz
2
26. 1420.64:(‘4’}
I, \A; )
A
= L =08 =A,=08A4,
A;
A =270 4 084, =2,
Uy +U; 5
= 5vy —5v; == (4vy + 4vy)
1
= U2 =9U1,§U1

For, v, >v; the boundary is rarer and
there will not be any change in phase of
reflected wave and for vy <v; a phase
change of 180° takes place.

—O 8 A sin (kx + o)t + 30°+ 180°)

pnd2 ld \/

VB 2><21 4d2
2T 1

1 [T 1

EUACI

~Third overtone of vy =4vy =v,

[ Passage (Q 28 to 30)

28.
29.

30.

—(100%—36% VI, =64% I, —064I

=+/0.64 =0.8 = 270
Uy +U1

08v2 +0.8v; =% (vy —v;)
= -0.2vy =181,
= vy =90,
for rarer boundary

orl.8vy, =0.8v; =0, :%vl

for danser boundary
A, =08A

Y:Asin(ax+bt+ﬁ)+0.8
2
Asin(ax—bt+g+n)
=Asin(ax+bt+g)—0.8
A sin (ax—bt+gj

= A cos (ax + bt) — 0.8 A cos (ax — bt)

= A cos ax cos bt — A sin ax sin bt
—0.8 Acos ax cos bt
—0.8 A sin ax sin bt

=0.2 A cos ax cos bt —1.8 A sin ax sin bt
=0.2 A cos ax cos bt —0.2 A sin ax sin bt
—1.6 A sin ax sin bt

=0.2 A cos (ax + bt)

—1.6 A sin (ax) sin (b?)
=cA cos (ax + bt) — 1.6 A sin ax sin bt
=e=02

For antinodes, sin ax =+ 1
= ax=02n +1) g

3
x=@n+1 T~ o O 5%
2a 2a 2a 2a



31.

32.

33.

34.

3
So for second antinode, x = 2771
a

1 [1+0.21
vy +15 _ L+ 0 1.1
Vo 1

= 15=0.1v,=>v, =150Hz
vo _ (T _ 121
Vi T 1

= vy =110% ofv,

Ao =2l which do not change

So, (a), (c) and (d) are correct.

For interference, sources must be
coherent there frequency has to be equal
and phase different has to be constant.
So, (a) and (d) are correct.

Stationary waves are formed due to
superposition (here use of the term
‘interference’ is literary and not
scientific because interference is a
different phenomenon than
stationary waves) of waves having
some amplitude, same frequency and
travelling opposite direction. Here nodes
are the points who always remain at
rest. Total energy is always conserved.

A medium is said to be rarer if speed of
wave in it is higher. And as frequency is

35.

36.

37.
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constant, wavelength increases while
frequency is constant, wavelength
increases while phase do not change
during change in medium.

Y = A sin kx cos ot =2a sin kx cos ot

a= é, third overtone means fourth

harmonic and wire oscillate with four

loops.

2 4
l=4g=2xzz. T_ET

k k
and stationary wave do not propagate.

For stationary waves, frequency and
amplitude has to be same and direction
has to be opposite with constant phase
difference.

It is satisfied in (b) and (d) only.
Yy =y + Y9 =2A cos kx sin ot

=R sin ot

R =2A cos kx so at x =0there is
antinode.

cos kx=+1

nm

2
= kx:nn,x:?:O, r

) B
X

N

are antinodes.

JEE Corner

m Assertion and Reason

1.

y1 + ¥y = A sin (of + kx)
+ A cos (ot — kx)
= A sin (ot + kx) +Asin(g — ot + kx)

mt+kx+g—0)t+kx

=2 A sin
2

ot + kx — = + cot — kx
cos 2

2

=2A sin (kx + Ej cos (mt - E)
4 4
=R cos ((ot - E)
4
where, R = 2A sin (kx + gj,
R(0) = 2A sin g = AV2

So, at x =0, node is not present, i.e.,
Assertion is false.

In stationary waves only nodes are at
rest and not other particles. It is so
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called as energy is not transmitted, thus
assertion is false.

. Inrarer medium speed of wave is higher

and as
2v
A, =2 A,
Uy + Uy
= A, > A
so reason is correct explanation to
assertion.

. In second overtone or third harmonic

there are three loops or three antinodes
or four nodes. And length of the string,

[=3 % so, assertion and reason are both

true.

N N N
NN A_NNA NN A_N

. As speed of wave is constant in stretched
wire, and v =fA, so with increase in
frequency, wavelength decreases. So
reason is correct explanation of
assertion.

. In stationary waves, amplitude of nodes
is zero and it is possible only when
superposing waves has same amplitude.
But it is not the only condition, there has
to be same frequency, opposite direction
of propagation and constant phase
difference. So assertion is not completely
true.

. Energy lying between conservative node
and antinode is constant where it moves
to and fro between node and antinode.

Inew 25 (5 (A +4,Y)
"I 1 _(i) [Al - A, j
= 5(A; —Ay) =A + A,
= 4A, =6A,=> A, Ay, =3:2
Thus reason is the correct explanation
of assertion.

. y:Asin(G—g)+Asin9

10.

+Asin(9+ﬁj
2

=—Acos 0+ Asin 6+ A cos0
=A sin 0
R=A=1,=1I,
Assertion and reason are both true but
reason do no explain assertion.

For two coherent sources phase
difference has to be constant and that
constant be same at all points as
Ad # Ap(¢). Different light sources can
never be coherent. So phase difference
must be same, thus assertion is false.

m Match the Columns

\F [T
= |—andvy = |— =—
H I

v

Uy
B LWL Y
vy +v/3 4/3
2
and A, =2 A
vy + Uy
2
_ 2u/8 A, =14,
v, +v,/3 2
A, 1/2 A,
(a) = = = q
A2 A, 1/2A,
(b)—:3—>r
Uy
I 1
(c)-L = (j —and
I,
421 l §
1, 4 4
L I, L/, 14 1
I, 1, 1,/7I, 3/4 3
(d) P=1IS =2r> v* A? pup

:1@2 AZM\F
2 H

:é&A%ﬁi



1 9 0 m—
f)l i(l)Al T“']_

B 1 2A22 VTuy

2

_AT [
A22 Ho 9y
1

==>5s
3
3v
2. (a)v—2:25[—=§—>r
vy 2, O
2l

(b) Number of nodes in 3rd harmonic is
411 anél in Fifth harmonic 6,

S0, — = ——>
6 3 F

(¢) Number of antnodes in 3rd
harmonic is 3 and in fifth harmonic

5,50,§—>r
5
(d)7‘72:v742§_,s
Ay vy

. In danser medium speed of wave is

lesser and in rarer medium it is greater.

(a) When wave goes from denser to
rarer medium its speed increases
—>Pp

(b) As frequency do not change with
change in medium then with
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increase in speed wavelength
increases —>p

(¢c)Asv, >v, thenA, >A, »> p
(d) Frequency remains unchanged — r
R=\/A2 +A% +2.A-A-cosb

=2A cosg
2

(a) R(60°) =2A cos 6;)

=2A cos30°=2A~\/2g =AJ3>s
(b) R(120°) =2A cos 120°/2 =2A cos 60°
:2A~1 =A—>s
2

(¢) R (90°) =2A cos 90°/2
=2A cos 45°= A2
= I,=2A"=2I, >p
(d) R(0°) =2A cos (0°/2) =2A
= I, =4A =4I, >r

5. vy =3vg =210Hz=v, =70Hz

(a)vy =70Hz —> s

(b)vy =3vy =210Hz — p

(c)vg =4vy, =4xT70Hz =280Hz - r
(d)v; =2v, =140Hz —> s



16. Sound Waves

Introductory Exercise 16.1

= Bzi: Po
Sok 218,
14 x0.35

T 9x314x55x10°
=1.4 x 10° N/m?

1450 m/
ca=loa =S o s,
v 20Hz

B 1450 m/s
™ 90000 Hz

max

=7.25cm
. Pressure wave and displacement wave
has a phase difference of g, S0,

(a) When pressure is
displacement is minimum i.e., zero.

maximum,

4. S

(b)Sy=-—>

0

Do Do

BB 2T,
A
_ Py VA Po

2npv?  2nvpv? 2mvpu
10

= m
2x 3.14 x 10% x 1.29 x 340

=3.63x10°%m

Bk _ B K
_kB_2chpv_oapv
P,k

po’
_ 12x818
129 x (2700)2

~1.04x10°m

Introductory Exercise 16.2

v _ B o 41 —4x213K

Uy 1
=3 x 273°C=819°C

t V2 ¢
2. v, =v 1+ — =0 1+ —
g 0( 273) 0( 546)
30 3
Ugg —Ug =Ug |1+ —-1+—
3078 0[ 546 546}
- (3?’)
"\ 546
~332x 23 _20.06 m/s
546

4.U: @:
\ M

v =vi =250 x 8 =2000 m/s
B =pv? =900 x (2000)*

=36x 108 N/m
=3.6x10° Pa

% « 8.314 x 273

32x 1073
=315m/s
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Introductory Exercise 16.3

1. Py, =SykB=2nvpv S,

2.

=2x3.14 x300x 1.2x 344 x 6x 1078

=467 Pa
200 2x1.2x 344

=2.64 x 102 W/m?

I 2.64 x 1072
L=10log = =10log =~~~
gIO g e
=104dB
2L—L=1010g£—1010gi
IO IO

=10log (n) =9 dB

= logn =0.9, n=10%% =7.9

1 k
3. I oc —=1=—"
2 2
Iy
Ly —L,, =10log —
Iy
B
:IOIOg(M]
Tr

1.

—201og (i) ~_20dB
0.3

2 2
. (@l =P70;[max =L
2ov 2x 1.29 x 345
=0.881 W/m?
0.881

max

;o @x107)
min 9« 1.29 x 345
=4.49x107® W/m?

Lo ~ 10105 #4910 g
- -3.48dB
) S, = Po_ Po
kB 2mvpy
28
S0 max = 2x 3.14 x 500 x 1.29 x 345
=2x10° m
(Sq)s = 2x 1075
2 x 3.14 x 500 x 1.29 x 345
=143 x 10" m

Introductory Exercise 16.4

@2n -1 % =12cm
and 2n + 1) % =36cm

= A=36-12=24cm

v 330mls ane,

L 0.24m
_ Mg km
21 2 3 6
v _ 350 5 i17m=117cm
6v  6x500

2
A¢=?“ At =21 vAt =21 x 500 x 1078

Ax

=nrad =180°

d2
3. Ax; =2, |H? +T—d=n7\

and

s  d° 1

2 2
:>}”=2\/(H+h)2 +d—2\/H2 L
2 1 1

2 2
01‘7y=4\/(H+h)2 +O'Zl—4\/H2 +%

L=2J4(H+h? +d® -2 [4H? + &

4. Ax, =dsin® =(n+%)k for minima
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(a).. dsinf = g for first minima

0 =sin " (lj =sin (L)
2d 2vd

.1 340
=sin —_
2x 600 x 2

=sin! (0.142) =0.142rad
=8.14°
(b) For, first maxima d sin 6 = A

= 0 =sin ! (&j =sin! (ﬂ)
d 1200

=16.46°
(c) Ax <d:>nk£d,n£%

max —

340
= n =3 maxima.

5. (a) For coherent speakers in phase,

2 A
A 2
T_0

= IR:410cos§

(b) For incoherent sources,

(c) For coherent speakers with a phase

difference 180°.
AY =180°+ Ap=nn+ nt=2n
2

IO

= 108 x 10712 =1,
= I, =10 W/m?

7. (@)1, =

2
A¢=7”Ax=@mc

v
_2n>< 170
340

3
(a)..Ip =4I, cos® 3:410 cos? ?nzo

x(11-8)=3n=06

b)AY =3n+ n=4n
= Ip =4I, 005%2410

=4x107% W/m?
4x10°8

L]’% = 10 log W

=101log 10® dB + 101og 4
=60dB + 2log 2dB
=60dB+ 6dB =66 dB

97 x 85
(@ A = 2™ px =250 (11 - 8)
v

=5 =

I,"=41, cos? %

0

=4I, COSQ(R—gj:yo

-6
= Lz" =10log 2:01?2 =63 dB
102 1073

47x2> 16n

=19.9x10% W/m?

=199 yW /m?

10°% 1073

Iy=—-( =

41x3 36T
=8.84 x 10 W/m?
=884 W /m?

(©) Ip) max =T, + 1)
=(4.46 + 2.97 )?
=55.27 pW/m?

© Up)pin =GI; —I)?
=(4.46 — 2.97)*
=2.22 t'W/m?

(@Ip=1I, +I, =287 uW/m?
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Introductory Exercise 16.5

1 @vg="mol =Y = 345m/s harmonics are odd, which can be seen in
c ¢ 4v, 4x220Hz closed organ pipe only.
=0.392m (b) These are 5th and 7th harmonic.
3v v
oY vy =—
(b) o, 5vq 0 4l
lo =20 3% 470m = 1= =" _1075m
10v, 10x 220 4vo  4x80
2. (a) 4. v=vA=1000x 2x 6.77 x 10> m/s
NE—DANEESCT) WESTD =135.4 m/s
A ANAN A [YRT My?
Funzigrr]neental First overtone Second overtone V= YM =>r= Rl;,
o 1, 08 K nx 127 x 107 x (135.4)*
dy=1=08m d,=_,l=""m, d,=-,-,1 = =0.7n
08, %3 08'm 0 8.314 x 400
) Asl<r<2
——) m :>n=2:>r:07><2=14=zdiatonic
A —)NA N A m . . 5
NA
l o 5 @2n+1Dv (@n+3p
2 2l 4 . V= =
e %053?33 —odA (;223’0364 h 4,
3. 2 400,560 on+1 I, 60 3
0
=1
| 20, 28 = "
’ 4] 4 % 0.6 x 440
o=V _EEEOR R g5omis
= HCF of the two shows, 80 and the 2n +1 3
values, 400 Hz and 560 Hz are odd
multiples of 80. These conservative
Introductory Exercise 16.6
1. Ay A B Al A S vy =256-4=252Hz
<~ 00— f
252Hz  256Hz 260Hz 2. A A B A A
>4 <4 381 384 387
= v, =252 Hz >3 <3
v, =(256 + 4) Hz = v, =387 Hz
and v, —n=(256+6)Hz v, =(384 £3) Hz
256+ 4 -n=256+6 and v, -n=384+tmm<3

t456=n=>n=-4+6=2 . 384+3-n=385+m
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=+3-m
v, =384 +3 =387 Hz

T
6 Hz =600 Hz _l A

and 600Hz = —
= 606 _ =1.01
600 TB

Uu vy
S

T
= ZA -1.02
TB
U
4, 256+ 4 =
2x 0.25
and ___ v
2% (0.25 — x)
256 2x0.25 1

252 2(0.25-x) 1-4x

256 — 4 x 256 x =252

= 4 =4x256x

xzim @cm 0.4 cm
256 256

Introductory Exercise 16.7

1. When source is moving,

)
o3

When observer is moving, v, =

(lj(lj

So, it can be seen that, v, and v, are

equal if u <<v.

2. k—@ =17m
200
80
@N=A-uT=1Tm-——=17Tm
200
-04m=13m
340m/
(b)y =V =22
N 1.3m

=262 Hz

vt

3. For doppler effect there has to be

relative motion between source and
receiver, but as they are at rest relative
to each other that’s why there is no shift
in wavelength and frequency.

=V =34 688 m
v 500
30
a) i =A-uT =0.688 - —
( ) front 500

~0.688 —0.060 =0.628 m
(b) Ayeping = * + uT =0.688 + 0.060

=0.748 m
344
c)v =— =547.8 Hz
( ) front 0.628
344
d)vy .. . =—— =459.9Hz
( ) behind 0748

vV —-w -V 340 -5-20

.V = V= x 300 Hz

V-w+Ug 340 -5+ 10

_315 x 300 Hz =273.9 Hz
S v P
> °
< r
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AIEEE Corner

m Subjective Questions (Level 1)

1 d- d1+d2—v2+vt—2

2
v 332(3 5
== (ty +ty) =22 2
g (1 71 2(2 2)
-332x 2=664m
The time for third eco is,
3 5
t=t; +t, =— +—=4s
1 2 2 2
7 8.314 x 300
yRT _ |5~
2. v= =
M 2x 1078
~/21x 8.314 x 10* =1321m/s
3. v w
p

\/g ¥ T6x 102 x 13.6x 10% x 9.8
- 0.179

=\/5>< 76 x 136 x 9.8 971 m/s

3x0.179
4. (a) B=pv? =pv? 12
=1300 x 16 x 10* x 64
=1.33 x2101°6‘11\10/(1)nj(15)2
2 _pl -
Y=o = = ge 109
=9.47 x 10" Pa

2
5. v, = Alvl:Alz(th ;EzYA—l

l l v, A l
’ 12 Y
_y | Y zy(j -
t 30 900
6. M_G m/mole
2+1

mlx H2 \/7
le

10.

11.

mix \/g H,y \/g 0 T1 \/7

Yo _ 1300 _;go /s

T o733

10—6
L, =10log ——
! 1071

=601log 10 =60 dB

-9

L, —1010g 10 5 =30log 10=30dB

= L, =2L,
100 dB =10 log EAPY
IO
= I1=10"Y71,=102 W/m?
P=4m? [ =4nx (402 x 1072
=64 nW=201W

(a) 60 dB =10 log Ii dB
0

= I=10°1,=10"° W/m?
(b)P=AI =120x10°* x10* W
=1.2x 1078 watt

(a) AL =13 dB =101og % dB
1

= I,=10"%1,=201I,

(b) As with doubling the intensity,

loudness increases by 3dB
irrespective of the initial intensity.
P 5 B 5

I =

4 nr2 412002 4mx 400

W/m? =9.95x 10°* W/m?
320n

() I =27°v2a? pv :>a—i 1
v \[2pv

1 1
_300n\/320nx2x 129 x 330
_ 1 1

300 nx 10" V85.5

=1.15x10 % m
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1

T

o 7-10° W/m? anda = -
v \[2pv

-6
_ 1 10 -136x10° m
800 1 |2 x 1.29 x 330

66x107°
© A, >Aw;A—“:%OH=60
A, 944x10

As bulk modulus of water is much
larger than air, such that
displacement of particles of medium
becomes less.

2 -5\2
6x107°)
I 16. ~Po _ T Wm?
13. 102dB =10 logﬁ dB 2pv 2% 1.29 x 343
— [ —10%02 I, = 10102 -12 —4x1002 W
_ 4x107'2
=10""% W/m?® d Lzlologizmlogxﬁ
Podnr®l I, 0
—4x314x(202% x 1078 =20log2=6dB
=80 W 17. v, =2 =594 Hz;
14. I =2r%v2%a? pv % v 594
, , v, = =20 =272 1, — 9297 Hz
=2 (3.14)% x (300) 41 2
—312 2 1
x(0.2x10%)* x1.29x 330 Wm® 4, _(R+Dv_ 4 344
=30.25 W/m? 21 2x0.45
I 30.25 B
L=10log - dB=10log >~ dB =(n +1) x 3822 Hz
I 0 — 3822 Hz, 764.4 Hz, 1146.7 Hz,
=134.8dB RCIRE
e
2.18 x 10° 21
15. (a)v, :\/E:,/X3 344
p 10 =@Qn+1) 7
3 2x0.45
=1.48 x 10 m/s
7 ©@n +1) x 191.1 Hz
,/%2 oo 2pv =191.1Hz, 573.3 Hz, 955.6 Hz
-6 19. v - v
\/ 3x 10 C Ve T
3 3
3400“ 25107 148 < 10 — v=4lv, =4x0.15x 500 =300 m/s
-11
o s 10 Yo =g " 230(?6 =200 Hz
X U.
hy =N =20 043 m o
v 3400 - 20. y = A cos kx cos ot
/1 4% 10
(b)v, \r =341.6m/s :Acoslz—nxcos%@t
3x107° = A cos 393x cos 1296 ¢
3400n\/2><12><3416 91, yo2ntl 243
_566x10° m 4><O5  4x0.84
' 2
_3416 _im T
¢ 3400 2n+1 50



22, v

23.

24.

= 3 -1.68 =2n x 0.68

. n=0.97 =1asnis an integer

4lv 4x0.5%x512
U = = m/S
2n +1 3

=341.3m/s
2n +5
= Y

41
2n +5 7

U=
4v 4 x512

=1.167m =116.7 cm
340

= =85HZ
41 4 1
v, _v_ 1 |F g
A 04\

=(85x 0.4)? pu =(34)% x

= [= x 341.3

\ S

4x10°3

=11.65N

v, =L:v=4\/(l+l)

41 + e)
=4v(l +03d)
=4 x 480 (016 + 03 x 005)
2n+1Dv
a =
@ 41
5x 330
4]
5x330 15
= =—m
4x 440 16
— 5\ 15
(b) NI ] A ZZZZE
15 4 3
—m
16 5 4
15

Ap = A hx = A 2n
COS RX = COS —— —
\D = APy \Do 3/4 39

_ Apy

V2

(c) At open end there is pressure node,
S0, Pmax = Apmin = ApO

(d) At closed end there is pressure
antinode, such that,
Pmax =Po t ApO and
Pmin = Po — APy

=336m/s

= 440 =

=

= A=

=Ap, coOs —— 15 =A
= APy 12 \Po €
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v
25. (a)v, =—
41,
g =0 - 35 _399m
4v, 4x220
5L 3. 3 4
b1, =241, =2~ .
)l 47° 2 25
6, 6
=21, =2%x0.392m =047 m
5° 5
26. v, =v,> s = Us
2x081, 41,
- Us _ E:OA
v, 4
27. @, =2 =20 1T 113m
v 300 15
b)r, =h—v,T =1
A%
34030 31 o
300 30
hy = A+, T_U+U
340+ 30 37 37 _osm
300 30 30
28. V:i E & 1£
21 u v 2 F
AR gAY o 15 3 L 068%
F v 440 440
V=v+Av=440+1.5
=438.5Hzor 441.5 Hz
29. v =0.32m/s;
A=vT=0.32x1.6m =0.512 m.
Xa Z;\/_USTDUSZL‘_AI =U—£
T
=0.32 - 0.12 =0.245m/s
1.6
Ay =A+0,T=0.512m +0.245x 1.6
~0.512 + 0.392 = 0.904 m.
- 340 + 18
30. (a)v, =20y ="""""% 969 Hz
v —v, 240 - 30
@x262HZ_3025Hz
310
- 340 - 18
b)v, =20y - X 262
v+, 340 + 30
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:ﬁix 962 Hz = 228 Hz

31. Av=—"v- Y
v -v, v+ v,
2vv,v _ 2v,v VAV
RN = U=5-
v° —vy v 20,
340 x 4
v="""""%_ 680 Hz
2x1

32. vy =v, £t Av=110£2.2;v, =——

v 330
= l.=—=
4v, 4x110
3 2v
l,=—m;vy =—o
4 21,
% 2x 330
= ZO =

2v,  2(330+2.2)
=0.993 m or1.007 m
33. v, =vg J_r% and vp <vgy as

frequency increases waxing of P.

v, +5= v vV, = 332 v
@ v-v, ¢ 332-5 ¢
=@v :>5=iv
327 @ 327 @
= Vg =327 Hz and

vp =327 7 =323.5Hz
2

When @ gives 5 beats with its own echo.

OR
T ., s 332
VP =Ve 5=V 5= Ve
- 15
2 327 ©
327 x 1.5
= vg=— T =98.1Hz

= vp =98.1-2.5=94.6 Hz

When P gives 5 beats with the echo of @.

-5

34. Av=—2 yv- " 220vsv2:2vsv
U —Ug U+ Ug VY —Ug
vv 340 x 2
= Vg = =

ST 9y 2x 680

v, =1m/s
2

35. (2n + 1)% —115cm

2n + 3)% =34.5cm

2
n+3 345 o 4n_0mn-0
2n+1 11.5
gzll.5cm:>k:23cm
V=E =331.2m/s 1440 Hz
A 0.23 m
36, 1=V =330 _15m
v 20
4 4
233 3 _on+nt
2 2 2 2
Here,Sleﬁ—lk
4 2
21 2r A
= =—S,P="".-Z"=
b= Sb=s g
and SQP:3:2~%:2X
= ¢2=27“-2x=4n

Destructive interference will take place

at P.
PP =P :(\/Fl _\/?2)2
—(J1.8x 107 — 1.2 10°%)?
=0.6x 1073(v/3 —4/2)*
=06x10°x01=6x10"W

2
37. Ax =2 /22 +(’2“j —x=nh=1x2

360 m/s
= =1m
360 Hz
2
2/4+—=1+x
4

x2
or 44+Z =1+2¢ + 2

16 -1=2x
x=75m



m Objective Questions (Level 1)

1.

10.

Sound cannot travel in vacuum, as it is
mechanical wave.

Longitudinal waves can travel through
all mechanical mediums.

YR x 288
32

288K_?>< 288K =

56°C
Third overtone is 7th harmonic ie, there

4 nodes and 4 antinodes.

A DN
NANAN A

v . . .
voci = vo+T so with increase in

temperature, frequency increases.

For sound water is rarer medium and air
is densor medium so, it bends towards
normal while going from water to air.

vy vl 2 4
41, 21, 1, 4

vy Fi

Vi F

-~ M, = M1 (256) x 10 kg
vy 320

=6.4 kg
" OM :M2 _Ml :6.4 _102_3.6 kg
i.e., Mass has to be decreased by 3.6 kg
v v
Vidireet — ..V and Vreflected = .V
v —v, u-—-v,

asvy =Vp so there will be no beats i.e.,
beat frequency will be zero.

Ay - A
Avevy —v; = 2oV, )
}\‘2 7\‘1 }\‘1}\’2
_ MAgAv

Al
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1><101><E
v=— 3 _337mk
0.01
11. v =" v:lv:nv:>n=1=0.5
v+v 2
12. I, =TI +JI)> =4I =NI= N =4
13. v= v = 3v
41, +e) 4, +e)
= ly +e=3l; +3e
I - LY
2

14.

42 -3 x 17
= 7xcm =0.5cm
v=4v(l; +e) =4 x500(17 + 8.5) x 1072

=20x 17.5=350m/s
At the moment when velocity of source is

perpendicular to the line joining source
and observer then there is no Doppler

effectie, n+n, =n=>n; =0
1
15, v="" Y 0n 340 g5on )
4] 4x1

18.

=85, 255, 425, 595, 765, 935
. 6frequencies below 1 kHz.

V-V V-V vV+U
Av = Oy - Oy=vyl1-—72
U —Ug v+ Uy U+ Uy
A
- *——> R
o S }
v, +U 10
=v. 70 - =~ «180=5Hz
v +Ug
v v
Av=n=v; —vg =— — —
Mooy
vy —Aq) ni A
_ 2 v_ = 12
ko Mo~ Ay
A’ A B
345Hz 250Hz 355Hz

Av<5 Av>5
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19.

20.

21.

22,

Sound Waves

As beat frequency between A and B
decreases on loading A.
i.e.,vp <v, =>vy =345Hz

C' B (]

341Hz 245 Hz

349Hz

After loading A, v,/ =345 +2 =247 Hz
andv, -v, =6 =v, =L, 76
=347F%6
=341or 353 Hz.

As possible frequency of C are 341 Hz
and 249 Hzthen only 341 Hz is justified.

I, — _
o= 2 311 :122 3X40€m:1cm
2 2
So, v = 5v
Iy +e) 4 +e)
= l3=5l1+4l
=5x40+4x1=204 cm
Av 1AF AF
— =—— =>Av=—v—
v 2 F
_ 1 200x 1 —1Hz
2 100
2n +1 2n +1
V= v = = v
4] 9 14v
_@n+1-2%0 _nt
4 x 340 4
1 3 5
m, —m, —m
4 4 4
As, ! =120ecm =/ =25cm 75 cm.

max
-.Height of water column

=120cm —75cm =45cm
105 x 4
7%=105cm:>7»= * % _60cm

= &:@:150m
4 4

So, nodes are at, &, 3 &, 5& and 7&from
4 4 4 4

closed end ie., they are
15cm, 45 ¢cm, 75 cm and 105 cm.

at,

23.

24.

25.

26. u

27.

28. v

29.

30. A

v, =2 =512Hz, v, = =22

41 2l 4l

~2v, =2x 512Hz = 1024 Hz
M :1><32+1x2:17

min 1+1

_ (M _ 2
Mmin 17

v, >f andv, <f butv, =constantand

Umin

UHZ

v, =cosntant.

So, curve in (b) represents correctly.
_@n+Dv (m+ Do

4] 2l
@n+Dv (m+ v
ow -

T 4 x2l 4 x 2l
=é=2 beat/s
2

v v
V_

Av=v, —v, =

r v

v-v;
2vvqv

@ -vy) @ +vy)
_2><320x4><243

316 x 324
) :(2n+1)v _ 320 @n + 1)
41, 4x1
=(2n +1) x 80 Hz =80 Hz, 240 Hz,
400 Hz, ...

(n+1

v+

=6Hz

y _(n+Dv 320
" 2, 2x16
=(n+1) x 100 Hz =100 Hz, 200 Hz,

300 Hz, 400 Hz, ...

~ v, =v, =400Hz
Imax =4IO

and I, =4I, =16,

L' =10dB + 10log 16
=10dB + 40log2 dB =22 dB
_2n 2m
S bt
l=5&=5>< ém =5m
4 4



A _@n+1) 330

31. d=02n + 1)— ——m 34.
4 660
?(2n +1Dem =@n+1) x13.75cm.
=13.75cm, 41.25 cm, 68.75 cm, 96.25 cm
ete.
32, av=t v V02 o)
Mg Mg
2x1x 1072
_332x1x107 _1a1xh,
0.49 x 0.5
33. Avp =v, - =ﬂx300—300
300 -30

=33.33 Hzandv/, #vp
So both (a) and (b) options are wrong.
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fa:””"f:(u"ojfand
v v

fr=[1—”°jf
v
a _ U+
fr v-ug
= (fa —fv=(fy + g
N o _fatl
Vo fa _fr
and 0 P
_f - <o 2
fo =1 = f (f +fJf
fa t 1
= f= 5

JEE Corner

m Assertion and Reason

1. v, =@ +pl-u 30 % 5.
41 41 41 41
i (n+Dv v 2v 3v 4v
while, v, = =, —, =

2l o1’ 21 21" 21’

itcanbe seenthatv, # v, at all situation

1 L
and v, =5 Vo so assertion is true but

reason is false.

2. Apparent frequency is constant for
constant relative velocity so assertion is
false.

3. At a point of minimum displacement
pressure amplitude is maximum i.e., 7
pressure difference is maximum not
pressure. So assertion is false.

4. The deriver receiver two sounds one

. v+u
direct, vo =vand othervy, = v such
v-u

that be detects beats. So reason is true
explanation of assertion.

With increase in intensity sound level
increases in lograthmic order so
assertion is false.

P
p

only pressure density increases such

Speed of sound v = , with increase in

that pp remains constant. Again

v= ,/% so both assertion and reason

are true but reason is not correct
explanation of assertion.

. V4 =vp + 4 when A is loaded with little

wax then v, sightly decreases and then
beat frequency decreases, but if it is
heavily loaded with wax then its
frequency goes much below v such that
beat frequency increases. So, assertion
and reason are both true but reason is
not correct explanation of assertion.
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8. 150/ 450, 7 50,
3, b

The frequencies are odd harmonics then
the pipe is closed and fundamental
frequency is also 150 Hz. So assertion
and reason are both true but reason is
not correct explanation of assertion.

m Objective Questions (Level 2)

1. At the boundary between two mediums,
one part of incident wave gets reflected
and other part gets transmitted or

refracted.
2. 3% 39752397
2 1.5
21 21 3
= k= 7 397 EpO_SOkB
1.5
1072 x 10°
kB 2 1.3 x (200>
3.9
9x1071
_39x107  025m =25 em
12x 1.3
g A _ 20, _ 2x100 2
A, v, +v, 200+100 3
4. Av = v v — v v
U+ Uy v+
_ v, —vy) vy —vy)
© +vy) W +1vy) v
vAv 340x 10
- Ul—vzziziz S
Y 1700
5. v, =gt =10m/s
AV:v+vov_v—v0
v -, v+ v,
300 +2 300 -2
_ e x 150 Hz
300-10 300+ 10

[302 298

j x 150 =12 Hz
290 310

10.

9.

10.

Vo with increase in diameter end

l+e

correction, e, increases and v decreases.
So reason is correct explanation of
assertion.

With increasing length of air column,
number of overtone increases and not
the wavelength so assertion is false.

A 2L XXX

A =acoskx :acosz—n~£ =acosT=—-a

2

7
For maxima, nA =3
=32l j10n
n A3

v =110, 220, 330 Hz, ..etc. maxima will
be formed so maximum will not be
formed at 120 Hz and 100 Hz.

20 m/s

W,<60° .
S 20m/s

U + ®cos 60°

]

VvV =

U+ wcos60° —v,
300 + 10

7300+ 1020
_310 500 =534 H2

x 500 Hz

v+20
v-10

v+ 20
v+10

Av=vp —V0=|: }x500

[360 360

300 350

404 400n
2n 2n

2
2
Toax _| 2+ 1) g4
Ipw (2-1

min

) x 500 Hz=31Hz

Av = =202 -200=2Hz




11. 3&=34cm :>k=§><34cm

136
= v-—:>v51 —vk——

Uig _ 273 +16 28 1
273 + 51 \324 1.1
VAsq

1.1

_ 136
16 =g

= V7\‘16 =

=41.21cm

176x 7Y _165x Y
v—-22 v

176 v(v —v) =165(@ +v) (v —22)

12.

=

176 x 330(330 — v) = 165330 + v) (330 — 22)

or 1.143(330-v)=330+v

0.143 x 330 =2.143v=v =22 m/s
2x 32+ 3 x 48
4x904+9X20 416

2+3
M1 _
Ho
=0.8756=175Hz
vy =8t =30m/s

1100:v+30
v

0.1v =30 =v=300m/s
Passage (Q 5 to 17)
Uy +V, =8m/s, 50,

or

13. M

min ~

=+/0.77

14.

x 1000,1.1v =v + 30

=150,
= vm =3v,,4v, =8 m/s
» =2m/sandv,, =6m/s
v +2 332
15. v' = =constant
w6/ 340
v -2 328
16. v'' = =—f, = constant
1670 33670

17. v'' < f, <v' and graph is (a)

18.
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Both (a) and b are correct.

More Than One
19. V:(2n+ Du
4]
l=V @330 (@ Dm
4v 4 x 264

=@2n +1) x31.25cm
=31.25cm, 93.75 cm, 156.25 cm

20. (a)v « p°, (b)v wNT=v? < T,

where T is absolute temperature.

©)v o JF (d)v oc%

-.(c) and (d) are correct.

Ap  Ap
21. P, =BAFk, B=
0 AV Ap
vV oop
Ap _APP _papP =pAk
B B
p o p;
Pressure and density equations are in
opposite phase i.e., A9 = g and not m
So, (a), (b) and (c) are correct.
5v 3v 125 2 [, 2 8
22. —_— = > = =,
41, 21, l, I, I, 125 5
2v
@v,=>2=—2Y =7
e 4x §lo 51,
8
4 v 4
=———=—v, = Vv, <V,
52, 5
b)v, =0 31; _12 v
41, 4x°1, 5 21,
8
6 2v
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15 15 6
(c)vc=4—U= LA P L

le 4x5; L 2,
8

=12v, twelbth harmonic.

(d) Closed organ pipe cannot have
tenth harmonic it only has odd

8
AV = f >
(a) Vi 125f q
(b)—)szzgf—>p

() Avg =0—>s
(dAv; =0—>s

(b) increase in T = increase in v =
increase in f

(c) increase in M = decrease in v =
decreasein f

(d) increase in P = increase in p = no
change inv= no changein f

harmonics. X - 2. f, = UU f and f. = - J:)U f are
v Y. Vs s
23. f = =
3. f 4l+e) dl+e\ M constants during approach and received.
(a) increase in r = increase in e =
decreasein f
m Match the Columns
Vo =g =1 8. f=fr-fs
v f (a) If tuning fork is loaded f, decreases
(a)v, =——=-=0.25f >s r
© " 4x9 4 such that beat frequency may
50 5 increase or decrease depending
B)vey = Ax2 = 1 f=125f—>p upon amount of wax — r, s
3 3 (b) If prongs are filed, beat frequency
©v, = Yy, =zf =0.75f > r must increase — p
3 (c) If tension 1is increased beat
(dve = Aol 0.75f > r frequency may increase or decrease
depending upon the amount of
9 Ay, | v v e 2vv, f change in tension. - r, s
T vy, v+, v? —v? (d) If tension is decreased, beat
oY frequency must increase — p
= 4 f:Exlf:if 4. (a)Forpointsource,Iocl,andA oc1—>r
o2 v? 15 2° 15 r r
B (b) > q
v+ v, 2v, (c) For line source, I o« 1 and
AV2 = - 1 f = r
U -V, U -V A 1
w4 2, “F 1
v-v4 3 d-p
21 2¢
v v _4an_am _
AV3:( _ ]f:O 5. 7\,—k —n—2m
V-Vs U-Us 25

A=b—=—m=25m
4 2

(a)l=25m—>s
(b)}?::2m—>r
¢c)—,—=Im,2m - p,r
()2 2 p.

A

A
(d=,3==05m,1.5m -
4 4 a4



17. Thermometry, Thermal

Expansion & Kinetic Theory of Gases

Introductory Exercise 17.1

F —32
1 @30 c=- a2
5 9
~_17.8°C
K -27315 F -32
(b) 573 5: 3 for K =0,

F= _2 « 273.15 + 32 = — 459.67°F

2% — 32
2. (a)¥-= =10 qog
5 9 9

= 17.8 :(190 —l)x

= x=17.8x9=160.2°C

ME-/2=82 5. 178
5 9 18
= 17.8=—%x:>x=—24.65°0
C-5 F-32
99 -5 212-32
C-5 F-32
- _
94 180
525 F 32
= — =
94 180
180

= F:32+ax47=122°F
K -273.15 F 32

5 9
= x —273.15=gx—178

= gx =255.35=>x =57454

4.

~_ “x=x-32

5 9 5

= é3c=—32

5
- x=-2432-_40°C
4
. At:1 of AO
2
=%X 1.2x 107 x 86400 x 30

=1.5x1.2x8.64 s =15.55¢s given.

. As from 0°C to 4°C, density of water

increases so the volume of wooden block
above water level increases and as from
4°C to 10°C density of water decreases
so the volume of block above water
decreases.

. Vip1g = V018 and Vypyg = Vy008

AV _ _L{__l_ﬁ
Vi Vi P1
and 22 _1_%2
2 P2
B

:[1_02}(1_01}:01_02
P2 P1 P1 P2
_o; o1 1 -y,AT)

pr P A=vT)
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AT
261(3’2 —Ylj
P1 I_YI T

_o; 011 -7,AT)
P1 p1(L—-v,7)

AT
:Gl(}’z —Ylj
P1 1_YI T

9. On cooling brass contracts more than
iron(a gz > ap,) such that brass disk gets

loosen from hole of iron.

. Ve T=V=kkT =>InV=Ink+InT

AV AT AV 1
= — =— :>7:f='y
|4 T VAT T

Introductory Exercise 17.2

10136

1. Forideal gases, pV =nRT =" -15kg/m?
74 VM 831x 29
= T'=—p=—1p N
R . pV=nRT = RT
Slope = —— N,
le N - pVN ,
As slope « —=my <my RT
m 107° x 13.6 x 10® x 10 x 250 x 10°°
2. pVonRT=P T2 . x 6.02 x 1023
T 8.31x 300
_360_6 13.6x5%x6.02 _
300 5 =Tt T TP 10" =8.21x 101
6 6 8.31x6
= py =— p; =—x10atm =12atm
5 5 . pV =nRT
1 1
PXBWHx4 gy N v"B
3. M, = = =36 P
1 N 1 1 1
4 4 2 Slope o« =
m P
pV =nRT =— RT
M = p1 > D
m pM 1
= pM =— RT =pRT=p = £ — . pV=nRT= p=(nRT) =
p v p. P RT b p v
~101x 10° x 36x 107° = y = mxis a straight line passing
b= 831 x 290 through origin.
Introductory Exercise 17.3
1. Average velocity depends on the in one direction while other are moving
direction of motion of gas molecules and in opposite direction. But in case of
as container do not move such that their average speed only magnitudes are in
net effect becomes zero, due to the use which do not cancel each other.

reason that some molecules are moving
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3 8.31 1

2 KE=§kT=7><7x3OOJ == x 10%;
2 2 6x10% 3
3 831x102 g S =4nR* =4 x 3.14 x (6400 x 10> x 10°)°
4
-6.21x107%1 J =5.14 x 10'® ¢m?
. N_ 1%
3. Vims ﬂ, N S 3x5.14x10'
M

_ [3x8.31x 300 =6?;5 x 10® molecules/cm?
PHe TN T 100 (a) nCy =_ nR=35J/K

=1.37x 10° m/s = n="19_98mole
3% 8.31x 300 3R
= (2200200 608.5m/
"Ne "1 T90.2% 10 S (b) U:% nRT =35 J/K x 273 K =9555 J
3 )
KE =2 kT =6.21x 10 J (©C, =Cy + R =2 R =20.8 J/K mole
4. v, - 2T 8. (a)n(C, —Cy) =nR =29.1J/K
le‘;l 4 %1072 x 108 =n =£ mole =3.5mole
=T="3r " 3x8al 814 3
e (b)Cy =ncy =n>R =35x 1.5 8.314
=160.45K 2
ny + ny 1-ny +ng Cp:ncp:niR:CV+nR
=p1 + 73 (py —py) _43.65+3.5% 8.314
p-p; _1.293 -1.429 —79.75 J/K

:>n2=

ps —p; 1.251-1.429

_136

(©)Cy' = ney=nx > R =72.75 J/K
136 _ 4,764 = 76.4% by mass 3
178

C, =nc, =nsz
6. V2 _pTD _(po +hpg) 2

Vi p,Ty  pox277 —72.75 + 3.5x 8.314
_(1.01x 10° + 40 x 10° x 10) x 293 =101.85 J/K
1.01x 10° x 277 10. v, = 3RT andv,, = ‘/LRT
5.01x 293 M M
=" 525 8
1.01x 277 Here3 > —=v,5s >Vays
s

=V, =5.25V; =105cm?

i.e., the statement is true.
7. N=nN, :%xsx 10%
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AIEEE Corner

m Subjective Questions (Level 1)
L C_68-32 36,

5 9 9
o _a0°C: K —273:68;3224
= K' =293 K
C_5-32_ 271 _
5 9 9
K' -273 5-32
= C' =-15°C; - --3
= K’ =258K
¢ _176-32 144 .
5 9 9
K -2
:>C'=80°C;773=16
= K’ =353K
2. %:F ~32 P _54+32-86°F
—546°R
g:F_32:>F’:9+32:41°F:501°R
20 F-32
5 9
= F =-36+32=-41°F
- 456°R
3. f:36_32:>32:x—gx:—éx
5 5 5
= x:—§x32=—40°
4
= ~40°C = — 40°F
4 DC_AF i 96022 40790
5 9 5 5

" Fy =F, +72°=140.2°F
32-20 C -0

5. =
80-20 100-0
' 12x 100
:B:i: =22 _90°C
60 100 60
6. 2_P 160 o 1 _op

I m 80

T, =2x273.15K =546.30K

7. R, =Ry(1+ aAO)
= 350=250(1+1000)=1=250K
or o :% =4x1073/C

5. 650=250(1+ 4 x 1073A0)

= 4=102xA0

= AO=400 = 6, =400°C

= A0=400 = 6, =400°C

i.e., boiling point of sulphur is 400°C.
T, p, 75+45 120 3

T, p, 75+5 80 2

T, =3 17 =3« 30015K
2 172

=450225K =177.08°C

9. Ay =y(ap, —op,) AB
Y Oy —Ope
. 0.01x107° 1
6x107 ap —op
_ 1073
6(OLBr _(xFe)
1073
6(0'Br _aFe)
-3
10 _ 3000 100
6 (g, —ocFe) 6x 0.63
=57.78°C.
10. (a) Al =1 0AD=88.42x2.4x 107 x 30

=0.064 cm
(B Al =1 (0 —og) AB
=88.42(2.4 -12) x 107 x 30
=0.032cm
lg =1+ Al =88.42 + 0.032 cm
=88.45cm

e

92 291+

=30°C+
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11. ATZ x 100% = o AB x 100%
=-1.2x107° x 35x 100%
=—-0.042%

Al

12. F = YAT—YA o AB

=2x10"%x2x10°% x1.2x107° x 40
=4x12x40N=160x 1.2N =192N
13. Vog =(50 — 45) x 1073 kg
=5x1073 kg
Vo' g =(50 — 451) x 1073 kg
=4.9x 10—3 kg

V(1 + v,A0) g=49x107?
1+, AO
1+y, A6 4.9

1+y, A0 5
— 5+ 57,A0=4.9 1+ 4.9, AD
0+5,80 1 5
4970  49A0 49 '°

1,5 19410
19x75 49

=272.1x107% +12.2x 1078
-2.84 x107%°C
14. M =14 + 3 =17 g/mole

=17 x1073 kg/mole
_17x107°
6033 x 10728
=282 x 1072¢ kg/molecule
pV  1.52x10° x 107
RT  8.314 x 298.15
m _nM 6.13x2x107°

Y =

Ts =

kg/molecule

15. n = =6.13

VvV 1072
=1.23 kg/m?
m nM' 16nM
pr=—"7= = =16p
vV Vv 1%
=1962 kg/m?3

Vi 76
16. =p,— =1latm x —
P2 =D V. 6

2
=12.7 atm

17. V, = Vi i T2 _ b1 -V,
T, po Do T1

1 270 x 500m > =900 m®
05 300
18. pVi _ PV
T T,
mg mg
293 273
=h, _313 h; :%x 4 cm =50.9 cm
293 293
n n 25/28 40/4
19. py=py= =2 = =
Vi V, LiA LA
L
= .25 1 _5 4089
L, 28 10 56
ﬂ:wﬁ:ézizo'ogg

ny, 40/4 280 56

20. n=n; + ny
= pVi + Vo) =p, Vi + po Vs
Vi + PV,
Vi+V,
_ 1.38x0.11+0.69 x 0.16 MP,
0.11+0.16
~0.1518 +0.1104  0.2622
- 0.27 - 0.27
rVi 4 PV, _ pVi + AL
T T T T,
1l atm
293 K
~_ [400cm?
- { 373K
600/293
:m atm

373 273

Lopp = 3 atm

293( 2 L )
373 273

3 3
157 +1.07 2.64

=1.136 atm

= p=

=0.97 MP,

21.

x 600 cm 3

200 cm ®
273 K

= D1
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29, V - nRT _ 1x8.314 x 273.15 m?

D 1.013 x x 10°

=0.02242 m ? = 22.42 litre
23. p, = Vi E _ i T

7 v, "'V, T
L1 . 075 430

048 300
-3.36x 10° Pa

24. p=p; + p; + Dy
nyRT niRT nyRT
= + +

\%4 \%4
14 14 04 RT

:[07><+03

28 4|V

{07 0.3 1} 8.314 x 1500
Xi

20 10 10 5x 1073

_33

x 8.314 x 3 x 10° Pa

=4.11x 10° Pa
25. RKE:2x%kT:%Im2

PET  [2x1.38x 1072 x 300
- 0= = 38 7
I 8.28 x 10728 x 10

1.
=102 /% ~10' rad/s

26. v = w»
P 2
2 1.3x(330
o pvT 133307 )5:1.398
p  1.013 x 10
f+2 2
f 0.398
5 7
nle1+n2Cp2 3><§+2><§
27, y= = 3 5
mCy, 10y,  3,° 1 9x?°
_15+14
1829 55
T 9+10 19
28. K =5 pv
2
3
— DV
= ?—% —%%:4.5
e A4

2
29. C :f; R=29=F-28 _9_5
pV
T-p.Pr
p p R

= p?V =constant

}_A

= le/2 =constant=a =

c=£R+ Rl
2 11 2
2
58
—-4=3
;= R

30. TKE = % of total energy and RKE ==

total energy, so the gas is diatomic.
TKE :%kT:%x 1.38 x 1023 x 300 J

=6.21x 1072! J/molecule

AQ =nCy, AT:I-gx8.314x 1=2084dJ

- nCp +nyC,,

31.
P ny +ny
2.5R +3.
_ +35R _3R
1+1
~ nyCy +nyCy
v ny + ngy
1.5R +2.
_ +25R _op
1+1
C
,Cr 3R
32, 4 - nC, +nyC,, _ (ny +ny)Cp,
nlel + n2CV2 (n; + n2)CV1
CV1
33. p=aV®= pV° =constant
C= AAQ =0 for adiabatic process for
n
which pV" = constant comparing, we
get,b=—y
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34. p=kV= pV ! =constant
=pV =a constant = a=-1
R R R
C=C, + —=Cy + =Cy +—
Vit—-a 7V 141 V2

3RT _ [3x8.314x373.15
M 2% 1073

=2.16 x 10° m/s
=2.16 km/s

35. U, =

(500)% + (600)% + (700)% +(800)2
+(900)2

36. v, = 5

100\/25+36+49+64+81

=714 m/s
500+ 600 + 700 + 800 + 900

av 5
=205+6+7+8+9)
# U,y

=700m/s

% rms

37. KE:%pV

=S Nx6x1026 =1.5x2x 10° x 100
x 1072 x 1073
3x10

N=_"""_-5x10%
6x 10728

_ 5000 s 023 x 1023
6.023

. n =8300.15 moles

=830.15Na

38. Frequency of collision, v= v

1 [3RT
243V
_\/ RT RT _\/ p
4VM 4. nRT M 4nM

p

~ 2 % 10+5

V4x1x46x107°

=41.04 x 10%/s

39. KE:%pV:%x 10° x 2% 107

=0.34J

U
231 243V

1 -6
N _50x10" 026 —6.25x 102
mq 8x 10~
1:5: 0.3 . 30 102 g
N 625x10%° 6.25
=48x1022 J

40. v, = /SRTO
()— /57 14— v-1du,
T0 293

(b) v =v, as RMS speed changes with
temperature and not W1th pressure.

v /Mo /Mo
() 3M,

_7_0 58 v,

41. YRT YRT T_ T
02

:—x 320 =20K =-253°C
32

42, 1 mv? _GMm _ g.R.m
2 R,
— [3RT
= U = 2geRe :UH2 = Y
7 - 2g,R,.M
3R
2x98x 6367 x10° x2x 107
- 3 x 8314
= 10037 KR u
and T, = ZEmm 2
3R
2x16x1.75x10° x2x 107
- 3 x 8.314
=449 K
43. (2)KE :% kT :% «1.38 x 1072 x 300 J
=6.231 x 10721 J
(b)KE' = 2 ET-N, =6.023 x 10%
x6.21x 10721 J
=3740J
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3RT  [3x8.314 x 300
©Vms =\ =\ 32x10°

=483.6m/s

m Objective Questions (Level 1)

8RT
1. v, =, o0

M

\/12 + 02 +22 +32
2. U,

\/7 ﬁm/s

3. 7=—aA9:—12><10 x 50

=-600x10°% =—6x10"*
Vo T,

4, VT = =="=2=2
i T
ﬂ:%_vlzz—l:l:mo%
% v,
5.KEocT:>K2—§:@=2
K, T, E

=T, =2T, =2x 283 K
T, =566 K =293°C

6. TE=! T =" 1T
2 2

7. Ui: &: @:2302 :21)1
o, T, V300

8. (a) p,, = myvisdifferent for different m,

(b) (KE) s1ecule =g kT is same for any
gas.
(c) KE)/V = 3pV._3 p is different as
2V 2
pis dlffere t for different.
V 3 p .
(d) KE),, Z £ s different as
m 2 p
i is different.
p
9 Vi + Do Vs :pvl + oV, :p(Vl +Vy)
RT, RT, RT RT RT

T - Vi + V) _ T, p(Vy +Vy)
nVi 4 Ve  pViT, + p, Vo Ty
T T,
) 1073
10. o Al _ 008><20
IAO 10x 107 x 100
=8x107%/°C
AV =VyAB =3VaAB =3 x 100 cc x 8
x 107 x 100
=0.24 cc
= V' =100cc + 0.24 cc =100.24 cc
11. T=T, +tan 45°V =T, +V
pV =nRT =nR(T, + V) =nRT, + nRV
nRT,
or p=nR+ —— p:a+v

ie, pversus V graph will be hyperbola.
12. p?®V = constant

2
= (nRTJ V =constant.
1%
=

- 3

712—le— 3TO

1 2 1m 2
13. == pv =——v
p 3 p rms 3 V rms
= mT =constant
m _ L _3810_,,
my Ty 280

14. As temperature of vessels A and B are
some so is average velocity of Oy, i.e., u.
15. N=nN, =2V N
" RT
107 x10°°

= T x6.023x10"%
8.314 x 300
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_ 6023 _,, _9 98-8,
8.314 x 3 20 5
1 3 GMm GMm 21. o= _ m _ mp
16. — mv* =—— - =mgh - P
2 R R+n % 14 (n1+n2)ﬂ (ny + ng)RT
_v> 3RT . P
= h—@=2g7M 12x101x10° x107° _ o0
= =0. m
3 x 8314 x 273 (2+2) x 8.314 x 300 g
- K kM
2x10x 28 x 10 22, p:kp=7
=1216x 10° m ~ 12 km . .
1 o 19 = pV = constant is for isothermal
17. l—l =2 11 and/; -1, =30cm process, i.e., T = constant
2 % 2
11 23. £ _constant
= ll == ll =3O cm p
19
- I = 19 30 em = 7125 em = p?Vconstant= pT = constant
1 Pr_ [Pz _ P2 _ 1
andl, =101 =41.25em Ve Ve 42
I
18. pxcV «« T =V =constant 272
p E _ P =2
i p
= T2 :\/§T1 :\/éT
i | .y as pT =constant = p « T

i.e., p- T graph is hyperbola.

19. V=V, +tan0 T, pV =nRT = > RT
M 24. p?V = constant

m
o p(Vy +tan®x T) = M RT = PT = constant and 72V ! =constant.
1 [m p, Vi |V 1
= tan0=——|— RT - pV, == = =—==
pT{M P 0} p |V, Vav 2
or tan@:m—R—& = p2=&=£
py T 2 2
T V /
.. tan O remains same when m — 2m 2=\/72= ﬂ:Z
and p >2p Ty 4 \%
20. n, _pV and n, _pYV = T ile =2T
RT; RT, as p « —= p-T graph is hyperbola.
m _p T, 10300600 _20 T
ny T, p, 5x330 330 11 95, €0 F-32 F-MP
11 100-0 212-32 BP-MP
Ny =—-n
2720t = ice point = 32°F and steam point
LAm=my —mg =m; =—my =212°F

20
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26.

217.

pxVat@p=p,andV =V, andat v,
p=2p,and V =2V, pz%
P Ve _ Vo 1
Pe Vo 2Vy 2
= pbzéPa
T, _ BV _2po-2V,y _,
I, FRV. EKV,
= T, =4T,
UxT=U, =4U,
as PxV=ToxV?

= Parabola passing through origin
(a) TKE =% nRT is independent of type
of gas — true.

(b) In one degree of freedom for one
mole of gas, V = 2 RT

28.

29.

(c) false
(d) false

VoaT=V=tan0-T
pV =nRT =" RT
M

:>p~Ttan9:ﬂ :>tan6+m—R
M MP

tan 6; > tan 6, =M e
b1 P2
= all a, b, cand d are possible.
pV =nRT
—p=rr-Ne™V pp_Mpp
\% M M
v _ [3RT _ \/SkNa T \/SkT
e M M M

= (a) and (d) are correct.

JEE Corner

m Assertion & Reason

1.

2.

Assertion is false.
p isobaric
$
f isothermal
=S
AS

| >T

Assertion and reason are both true but
reason is not correct explanation of
assertion. As at low temperature atoms
in molecules are tightly bound such that
they cannot oscillate.

pV:nRT:;KE
= :g@: ZEE
P37y =P73™

Assertion and reason are both true but
reason cannot explain assertion.

Internal energy remains same in train
frame of reference, so temperature do
not change, but KE of gas molecules in
ground frame increases.

According to equipartition theory,
energy is equally distributed for each
degree of freedom, so assertion is false.

At high temperature and low pressure
intermolecular distance is much larger
than size of the molecules and
intermolecular forces can be neglected.
So, assertion and reason are both true
but not correct explanation.

At 4°C, volume is minimum or density is
maximum ie., liquid will overflow on
increasing or decreasing temperature
This reason is false.



8. Temperature
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remains constant as
pressure is double and volume is halfed,
so internal energy remains constant. So
reason partially explains assertion.

Assertion and reason are both true but
not correct explanation.

m Match The Columns

1.

@)TKE:%nRTz%QRT:3RT—> r
®)RKE:§nRT=§2RT:2RT9 P
(©) PE=— s
ngMhEMW:WTa s

U=p=>T oc%j VT =constant

= pT? =constant and pV? =constant
(a) Uincreases = T increases

= Pdecreases —» r
(b) pincrease = V decreases — r

(c) Uincreases = T increases — ¢
@ T _TV _constant _

vove o v?
Vdecreases — g

8
Xy =3,% =—,x3 =2andx, =r
T

(a)—>r,(b)>s,(c)>qgd)—>s

(a) density of water is — s
maximum of 4°C

(b) depends of change in — s
density of solid and liquid

(c) depends of change in — s
density of solid and liquid

increase as

10. V = nk T= [ZVIRJT: slope «« m; reason
P Mp

is correct explanation.

(d) AT = % oTA0 increases with P

— increasing temperature

. (a)p = constant— ¢

p

B)V T
3EOCU

@V T Lo

p
T

\



18. First Law of Thermodynamics

Introductory Exercise 18.1

1. (a) AW = pAV =-1.7x10°(1.2-0.8) J

=-6.8x10*J
() AV=11x10°J
= AQ =AU+ AW =-17.8x10* J

i.e., 1.78 x 10° J of heat has flown out of

the gas.

(c) No, it is independent of the type of
the gas.

2. (a) In p- V graph of cyclic process,
clockwise rotation gives positive
work and anticlockwise gives
negative work. And as loop 1 has
greater area than loop 2, that is why
total work done by the system is
positive.

(b) As in cyclic process change in
internal energy is zero, that’s why
for positive work done by the
system, heat flows into the system.

(c) In loop ‘1’ work done is positive so,
heat flows into the system and in
loop ‘2’ work done is negative so
heat flows out of the system.

3. As the box is insulated i.e., no heat
exchange takes place with surrounding
and as the gas expands against vacuum
i.e., zero pressure that’s why no work
has been done and there is no change in
internal energy. Thus, temperature do
not change, internal energy and gas does
not do any work.

4. U=£nRT=§nRT
2 2

2U 2x 100
= n= =
3RT 3 x8.314 x 300
=0.0267 mole.

5. AQ=msAb=1x387x30J=11610J

AV:VyAGZﬂXSaAO
P
1

T 8.92x10°
=71x108 m™3

AW = pAV =1.01x 10° x 7.06 x 10~
=7.13x10°%J

AU = AQ — AW =11609.99 J

x3x7x107% x 30

Introductory Exercise 18.2

1. (a) At constant volume,
AU =0= AW =0
AQ =nCy, AT

AQ 200

— ~16.04K
nCy 14 2 x8.314

= A=

=T, =T, + AT =300 + 16.04 =316.04
K

(b) At constant pressure,
AT - AQ _ 200

nCp 1« g « 8314

=9.62 K

= T, =300 +9.62K=309.62K

2. For adiabatic process,

pVy = constant = ¢ (say)
. _(Yr_c _ Yy
- jvl_ pdV—jVi de_cjvi Vrdv
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_ V, -v+1 -v+1
yor+l f_ Vf —Vi

=c =c
-v+1 v, 1-v
-v+1 Y -y+1
_PVe Ve e pVE Y
1-y
_Pfo -p;V; b

1-vy y—-1

3. AW, =+500J,AQ 5 =+ 250

= AU,p =250

V.-p.V
i TPr Yy (Proved)

AW . =+700d, AQ, =+ 300d

= AU, =-400J

(a) Path BC is isochoric process, i.e.,

AWy =0

AQpe = AUpc =AU ¢ —AUyp

=-400J - (-250dJ) =-150J

(b) AW, = AWy, + AW,

=-800J +0=-800J

(Work is negative as volume is

decreasing)

AUgps =AU o =— AU 4 =400 J
= AQcpp =AWepy + AUcpy

=-800J + 400 J =— 400 J
p_ PV _1x107 x2x10°

4. (a) =
nR 1x8.314
=240.6K 5 5
2x 10 5x 10
(b) AW:psz X 5>< X
y—-1 21
3
_10°
2/3
5. (a)

2 2 2
K p_p:P[l_lj

:2mi 2m, 2

m.

1

1

mg

1

(10x 107 x 200) {
- 2

=2[100 - %} =1994J

(b) AQ =nCy AT = AT =

AQ

nC

\%4

10x 102  2.01

AQ

m

uC

|

 MAQ  200x199
" mx3R 2010x3x8.314
0.8 °C

. AW =AW, 5 + AWy + AWy + AW,

= nRTlm(plj + py(Vy = Vi)
Do

+nRTm pZJ + p]_(Vl —V2)
Py

=nR(T, - T)In [sz +p Vo - piVy
b1
+ Vi -V

=(p,Vy — prl)ln(sz
141

o AW poa =(F)ve= AW, 5 = (+)ve,

AWpe =0,AW, =(ve

For BC, AQ =(-)ve = AUp- =(-)ve and
AWy =0

For CA, AU =()ve = AQ4 =(-Ive as
AWy =(Hve.
AU AW AQ
AB + + +
BC - 0 -
CA - - -
Total |0 + +

For AB, as AU 4,5, =0and

AUg =(ve,
AU, =()ve

= AU 5 =) ve

As  AQupca =AW gy =(+Hve and
AQpc =(ve

AQpy =(ve= AQ,p =(+)ve
In isobaric process, AW = pAV =nRAT
=0.2x 8.314 x (300 —200) =166.3J

. AW = [ pav =J.aV2dV=%aV3

:%x5x1.01x105 « (2% —19)

-1.18 x 10% J
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Introductory Exercise 18.3

Po

Pors

V
AWzp =nRT In (VBJ =3R x 273 In5

A
=10959 J
AWy =0
AQ = AU + AW
AU = AQ - AW
=80000 — 10959
=69041
Tf =5T, =5x 273 K=1365K
AQ pc =AQup + AQpe
=AWz, +0+ 0+ AUp,

A
AQg. =nCyAT =C,, = n‘iBTC

_ 69041
3x4x273

C, =Cy + R =29.39

=21.07

C
. ,-Cp 2939,
C, 2107

. AQ =AU + AW; AQ =nC, AT

= 1600=1-C, -72

= C, =22.22

Cy =C, ~-R=139=y :C—p =1.6

CV
AW =AQ - AU=1600 — nC, AT

=1600-1x 13.9x 72
=1600 -1000.8 J
=599.2J

and AU =nCy, AT =1x 13.9 x 72
=1001
=1kd

. AW =%ApAV

:%x20x1.01><105 x1x1073

=10x 101 =10104d
nAW 100x 1010dJ
p = =

AIEEE Corner

m Subjectve Questions (Level 1)

1.

AU =AQ - AW =254J +73J

=327J
(a) AT = AQ 2AQ  2x200

nCy, 3nR 2x1x8314

=16K
= Tf =T + AT =316K

1

At 60s
=1.68 kW
(b) AT — AQ =2AQ= 2x 200
nCp 5nR 5x1x8.314
=9.6K

=T, =T, + AT =309.6K

. AU =nCy AT, in adiabatic process,

AQ =0and AU = - AW

| 50
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where, AW = nkAT
1-v
= AU = nRAT for all process.

v
4. AV =0=AW=0
. AQ = AU =nCy AT:n-gRAT
5 5
=§(prf —ini)=§(pf -V)v
:2(5x 10° -10°) x 10x 1072

=g><4><105 x102 =10* J

5. AQ, =AU, :nCVAT:n.gR(STi ~T)

=5nRT,

AQ, :nCpAT:n-gR(GTi _3T)
=7.5nRT,
AQ 1252RT,  125R

c= = = =25R
nAT n(6T;, -T,) 5

6. AW, =0, AWy, =%x Vo =%poV0
=%~nRT0 ~300 R
p

po T A

po/5 T B

AQ = (AU + AW) 45 + (AU + AW) 5,
=AU, p + AUpr + AWp,
=0+300R

(AsT, =T,)
=2.49%x10%J=2.49kJ

7. AU =AQ — AW =1200 J — 2100 J

=900 dJ

AU 900
nCy 5x%x8.314

AT = =14.43

=T, =T, - AT =127°C-14.43°C

=112.6°C

8. When gas expands it does positive work
on the surrounding and for this purpose
heat has to be supplied into the system.

9. AW :pAV :p(Vf — VL)

1 1 ( 1 1 )
proP 1000 999.9

10° :
_ 0° x2x0.1 0.02J
1000 x 999.9
(work done is negative as volume
decreases)
AQ =msAO =2 x 4200 x 4
=336004J

AU = AQ — AW =33600.02J
10. AW = pAV = pV :pE
p

= M =1666.67 J
0.6
AQ = msAO + mL
=102 x 4200% 100 + 1072 x 25 x 108
=4200 J + 25000 J = 29200 J
AU = AQ — AW =29200J — 1666.67 J

=27533.33J=2.75x 10* J
11. AW = pAV

=1.013 x 10° x 1670 x 107°
=1.013 x 167J =169.2J
AQ=mL =102 x 2.256 x 10 J
=2256J
o AU = AQ — AW =(2256 —169.2) J
=2086.8 J ~ 2087 J
12. AW = pAV =-2.3x10° x0.5

=-1.15x10°J
AU=-1.4x10°J
= AQ =AU + AW



=—(1.4 +1.15) x 10°J
=-255%x10°J
Thus, 2.55 x 10° J of heat flows out of the

system and it is independent of the type
of the gas.

13. In a cyclic process, U =0= AQ = AW

(@)W, =@ +@ +Qs +Qy)
-(W, + W, +W3)
=(5960 — 5585 — 2980 + 3645)
—(2200 - 825 - 1100)

=1040 -275=765J
work done 1040
(b)n = =

= =10.83%
heat supplied 9605

12 21
14. (a)AW=§AB><AC=§><2pO><VO

=poVo
2
)T, = poVo dTA—pOVO
nR
= AQuy =nC,AT =—nC, -LZO
n
5 poVo 5
=—°R. =25V
2 R 21’0 0
3poVy

Ty = ,AQp =nCy AT
nR

_nx SR(3PVo _ PoVo
2 nR nR
3
=§X2POV0 =3py Vo

(© AQup + AQpe + AQuy = AW
=3poVy + AQpc 9 PoVo =poVo

V.,
= AQBC — pO 0
2
(d) Temperature is maximum at a point
D lying somewhere between B and C

where the product pV is maximum.
2p,
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_ 2oy 5py
Vo

d
For pV =maximum —(pV) =0
p Ximu v p

—  —ov.2P0 5 g
VO
= V:%
4
2p0 5V0 5
=— Y. Y 45 = _
v, 4 Do 21’0
Tmax :(pV)maX
nR
5 5
LA TN
1R 8R
RT, 2R x 300
15. V, =20A JSVE T3, 10%R
Py 2x10
3
2atmt A B
1atm (o}
D
>V
2R x 400
B=X75=4x10—33,
2x 10
2R x 400
Ve =T -8x10°R
2R % 300
Vo =20 _6x10°R

AW =2x10°(4 -3) x 10°R
+ 2R x 4001n G)+ 1x 10°(6 - 8) x 107°

K
+ 9R x 300In (%)

. AW =200R + 800R In2 - 200R
- 600R In2
=2000R In2=1153J

As AQ =AW =1153J and AU =0 cyclic
process.
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1(3V, V
16. AW ==|=0 _"°0 -
2( 2 2)”’3 Po)
13V, V,
+7 Y - —
2( 2 2J(Po Do)

17.

18.

1 1
=§V0(PB — Do) + QVO(pO - Pp)

1
ZQVO(pB - pp)

po Vo _3py
where, = + = —=—
Pp=Po ™y Ty T
Po Vo _ P
and = - =
Pp=Po =y "5 Ty
1 3 1 1
SAW ==Vo| -pg — - Py | =2 PV
2 0(2170 2Poj 2170 0
3V, V 13V, V,
AW o = o _Yo|, (Yo Vo
ABC po[z 2) 2(2 2
1
(pg — Po)= Do Vo +§VO(§P0 - Do
5
== p,V,
4P0 0
AU =nCy (T, -T,)
ABC p%Vc pA 01
3 0 9 ® 9 | 3
2 { nR nRJ 2p0 0
5 11
~'-AQslupphed =2 poVy = " PoVo
épOVO 2
n=2 - 2-0.1818 =18.18%
11 11
ZPOVO

(a) As the cyclic process is clockwise i.e.,
work done is positive, so heat is
absorbed by the system.

(b) In cyclic process work done is equal
to the net heat absorbed (as change
in internal energy is zero) so, work
done in one cycle is 7200 J.

(¢) In anticlockwise rotation, work done
is negative and heat is liberated by
the system, and its magnitude is
7200d.

(a) As area under clockwise loop is
more than that at anticlockwise
loop, so network done is positive.

19.

20.

21.

(b) In loop I work done is positive and
in loop II work done is negative.

(c) As network done in one cycle is
positive so heat flows into the
system.

(d) In loop I heat flows into the system
and in loop II heat flows out of the

system.
paV, 1.01x10° x22.4
nR 10° x 8.314
=273K
Vi 2p,V
TszB A _“4PaVA —oT,
nR nR
=546K=T,
V. - nRT, nRT, nRTy
N A T
2nRT
A 9y, = 44.8m?
bPa

(a) AW = ABx BC
=(4-15x10°% x (4 -2 x 10°
=25%x0.2=0.5dJ
(b) AQ =AW as AU =0in a cycle
= AQ =0.5J

1
Asp oc =
\%
p
A
2
2p0 T
A
A
21 B
Po X ° '3
// I
7/ [}
/ ! v > p
PO'\ZPO
Po T 1
Vo/2 e 7



2
(a) AW,, =nRT, h{v"/ j
Vo

=—poVy In2=—p, Kln2
Po

v
AWy3 =2p, [Vo - ;j =poVo

M
=po—; AW3; =0
Po

(b) AQyg1 = AQhs + AQ3y

0
3,1 2py V) _2p0?

=nx—R + poV,
2| nR nR | Pov0
V.
2p0><70
+nx§R PoVo _ 2
nR nR

3 5
poV = EPOVO +po Vo :§P0V0
.. Heat rejected = AQy5; — AW
5
=§P0VO —PoVo + py, In2

=%P0VO + po Vo In2

:p0V0(§+1n2)—poM(§—ln2j
2 Do \2

work done AW

(on = =
N heat supplied AQy3;

_ PoVo5— PoVy In2 :g(l In9

—poV,
2P00

22. AWAB = p0(3V0 _2V0) = poVo;

po T
(200 K)

(300 K)

2Vo 3V
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AWpgeo =0,AW, =7
AQ =AW p + AWy + AWy
-800J =P, Vy +0+ AW,
=AW, =-800J - p,V
:—800J—%nRTA

- AWy, =—800 J —200R = - 2463 J
V- paV
23. AW, = TE2B_PAA
-

>
>

3
= E(pAVA - ppVp)

3 3 T, -1
=—nR(T, -T,)=—nRT,| -2 -1} TV’
9 (Ty —Tg 9 B(TB J

3 (2t ) 3
- 2nRTBL(T) -1 | -2 nRT, (2" -1

V,
AW, =nRT,1In| —2
Be . (2V0 J
=-nRTgIn2and AW, =0
Heat Supplied

3
AQqy =AUy =_ nR(T, ~T¢)

:%nR(TA ~Ty)

T
3 nRTy A —1]=3aRTy@ — 1)
2 T, 2

o AW
AQCA
%nRTB(22/3 ~1)-nRTz1In2+0

%nRTB@” 5_1)
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2 In2
h 3 ’ m
=21.3%

n= =1-07867 =0213

m Objective Questions (Level 1)

1. U=nCyT=2x 1><RT:%RT

2
= T :g
T, =2 =300K=U, =450R,
¥ T
T, =—2 =600K
3R
2V,
AW =AW p + W, =nRT, In 1 4
0
Vo 1%
+nRTpIn| — |=nR(Ty —T})In 2
2V,

=1x R x (600 —300)In2
~300R In2 = AQ

3
— 2R x 300 = 600R I

AS, AQ = AW12 + AW23 + AW31
=—300 J =600R + AW, + 0

>

-
= AWy3 =—-300J —600R =—-5288 J
3. nC,AT; =nCy AT, 6. W:deV:jkaV:SVz
7 5 1 1 R
= §X30=§AT2 =§pV =§nR(7’2 —T1)=E(T2 _Tl)
= AT, =42K 7. px V3, W= pdV = [kV?aV
4. TV" ! =constant 1 1
n-1 n :7kV3 :*pV
=pV.V = pV" =constant 3 3
= 1
ﬁlnf)+&nV lnAcp :gnR(Tf ~-T,) =(+)ve

- — =
p LV AV/IV
5. 234

3 —>4i
isochoric.

Vi
8. AW =—nRTIn| -
%

i

— _nRT 1n@) —nRTIn2

9. AU=600J-150J=450J
=nCy AT :%R-nAT




10.

11.

12.

AQ 600 3. 600
nAT 4500 2 450
3R
2
_3Rxd_or
2" 3

AW, =(+)ve, AW, =0, AW; =() ve
and AU, =AU, =AU,

as AQ=AU+AW=0, >Q, >Q4

U=2py2V, —2p,V, =2p,V,

and AW = p, 2V, - V,) = p,V,

© AQ =AU + AW =3p,V,

In adiabatic compression, temperature
of the gas increases and as pV « T so,
pV increases.

13. AS AWl < AWZ Whlle AU]_ = AUQ
= AQ; < AG,
= C, <Cy
= 1
2
14, W < 1) "EET 4D
—-Y
R(T -3
+ nR@T —5T) + "B =3D
1-y
_3nRT - onRT + MRT _2nRT
1-y 1-y
_nRT + BT
y-1
nRT Y
= ~1+1)=—"_nRT
_1(Y 3
= 5/3 -1RT =2.5RT
5/3 -1

15.

Up = constant
3R MM 3 2R T
T2 vV 2 \%
= T « Vi.e., isobaric process.
AU AU 3/2 i

AW AQ-AU 5 _3 2
2 2

16.

17.

18.

19.

20.

21.
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Cy Gy

c,-Cy, R

AW =50 (0.4 —0.1) + % « 50 (0.2—0.1)

=15+25=275J
AU =254
= AQ=AU+ AW =20J

2V,
Wi =IV * pdV = p@2V, - V,) = pV,
0

W, = [ kvav = 2av?
Vo 2

=%k(4V§ —V§)=%kV§=%PVO
= W, <W,
AW =nnr, =nab

:n"z -n '(Pz - py)

2 2
= (P2 = p) (Vo = V)
W =[PV = j”RT dV:nRTj%
x=V ->b
dx =dV

=nRT Inx =nRTIn (V - b)Y
=nRT [In 2V - b) ~In (V - b)]

—nRTIn 2V-b = RTIn 2V-b
b V-b

asn =1mole

ABiis isochoric process, so, AW, =0

BCis isothermal process, so,

AWy, =nRTy In (VZ J RT,In (V2 J
Vi Vi

CA is close to isobaric process, so,

AWey =nRT =nR(Ty - T5)

=R(T} -T,)
AQ =AU + AW =- AQ + AW
=AW =2AQ

AU = nCyAT =n L RAT = ™ RAT;
2 vy—-1
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22.

23.

2
f f
2
f—y_l
AW = [ pdV =2 AQ -2 RAT
y-1

2nRAT nRAT .
= = 1 for polytropic

1-vy -a
process with pV® = constant
1 1-vy
—= =>l-a=—+—
1-y 1-a 2
1 v
= 1-=+L=a
2 2
1 1+y
or a=-+y=
2 2
pV?® =constant
vy
=TV 1=TV 2
v-1
=TV = constant

AW 45 =0, AU 45 =600 J

p
A
B C
8atm 777~ !
I
I
I
|
|
3atm T~~~ 7A |
| |
I ]
1 ] V
2x10~4 5x10~4

AW =8x10°(5-2) x 10™* =240 J
AUge =Qpe — Wy =200 — 240

=-40J
AU =AU 5 + AUpq + AU, =0in cyclic
process.
AUy == AU g — AU

=-600J +40J=-560dJ

Starting and ending points along x-axis

in graph are not clear, so nothing can be
said about the magnitude of work.

It can only be said that work done in
ABC is negative and that in DEF is

24.

25.

26.

positive. Looking at the graph, area can
be assumed to be equal so,

Whoer :—WABC-
AVVisobaric = pAV = p(2V -V)= pV
A“’isothermal =nRTIn (2“//) = pVIin2
=0.693 pV
pf '2V - pLV
AM’adialuatic :1—
-
V r
|| 2v-pV
pl(zvj PiY vt -1
1-y 1-r
1-9t-r 1473
=pV| —— __|=pV| ——
p(r_ljp[mJ
=0.55 pV

So, work done is minimum in adiabatic
process.

AQ = AU + AW
%RTO ~10x gRAT + 10RAT = 35RAT

T, =100T =10 (T - T,)
= 11T, =10T

= T=11T,
oV, _ pV
N v-1ly _11v,
10

AW =(Bpg — po)2Vy - V) =2p, V)
3 ,(3pyV, V
Aqupplied = nZR[pOO - pOO]

nR nR
.8 p(3P02Ve _3pVo
2 nR nR
_3,Rr.2PVo 5 p3PVo
2 nR 2 nR
15 21
=3po Vo +EP0V0 :EPOVO
AW  2p,V, 4
A T2 T
EPOVO



27. AW, <AW;3 can be seen from area
under the curve, while AV, = AV,

= AQyy < AQy3
= @y <@ or @ >0,
28. AWCA = po(Vo _2VO) :_pOVO
and AUy, :—%pOV0
5
= AQey =— 3 PoVo
29. AQ,p =200kd =nCy, AT,
p
C B
A

v

AUpg, =-100kd and AWg, =-50kJ
AW 45 =0=>AU 4 =200kd, AQp, =0
AU ype =AU 4 + AUge + AU, =0
or 200 kJ —100 kd + AU, =0
AU, =-100kJ
AQup + AQpc + AQcy
=200 kJ + (-100 kJ - 50 kJ) + 0
=50kdJ
AW, p + AWp + AWy
=0+200KkJ + AW,
=AQ pc =50 kJ
AW, =—-150 kJ

20x 103 20x 10°
30. AQ=AW —mab=nx — ade
2 2
p
24 2
=107=d g
31. AW, 4nR A\ =@, =9 x10* J

First Law of Thermodynamics | 58

= 800TInVy =9 x 10* J

- TV, =%

AW spep =AW + AWy,
+ AWy + AWp,

— nRTIn [VBJ  PcPc = PPy
v

A 1-vy
L ;;C(VD -Ve)+0
~9x 10* +$+1o5(2—1)
1-°2
3

3
=19 x 10* —5(105 ~800 T}y)

=4 x 10* + 12007y
2.4x10° x 1

100x 8

=4 x 10* + 1200 x

=4x10°J

31. AW =AW,, +M

B
1 + AW,
103N/m?

2.4 A

-9 x10* +%><11><104 ~10x 10*

:[% _1j « 10* =15.5x 10*

1
32. AW = j pdV =jkav =§kV2
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1 1 1
-~ pV ==nRT, ==RT
g PV =g o =50

AU = nCy AT = 1%1%0

= AQ =(g N %)RTO _2RT,

33. pT =constant=p—— pV =P v
nR nR
= p>V =constant
p
A
C
A
B
v

2
v, =(p20) V=V =4V,
Po 4y,

2 _9Po Vo = 2T,
nR nR

. AU=nCyAT =2 x %R @T, - Ty)

= T-=

35. AWy, =nRT, In [VC]
Vg

—nRToln( j 2. nRToln(V ]
Pc VA

—2nRT01n(ij
Pp
2
1n[pBJ ln[ Po j =In4
Pc Dbo
= Pp =4p;
Pp _ Do
: = [
© 4 8

36. As, AW, > AW, = AW, > AW,

37.

39.

41.

42,

T
n= 1-— _Tsink  _ 1-— @
Tsource 600
1

=1-=-=05=50%
2

As the volume is adiabatically
decreased, temperature of the gas
increases and as the time elapsed,
temperature normalizes i.e., decreases
and so pressure also decreases.

As the compression is quick , the process
is adiabatic while leads to heating of the
gas.

. pV" =constant

gw —nRTV? 1

= TV"~! =constant

1 5, 2
L, ("1 Ly L

pV" =constant= p[nyTj
p

= p' 'T" =constant
= pl Tt T
v
p < TV -1

=
7/5
As— - = 7 for diatom gases.

y-1 Z_l
~ pxT3®=0=35

pV® =constant, AW = nRAT

1-x’

AU:ngRAT
nRAT § WRAT
_AQ  1-x 2
" nAT
=§R+
2

nAT

R<0

- X

§R<
2 x -1

:>oc—1<g
5



x <%:>x <l4butx >1asforx <1,

C will become positive.

1<x<14
B nlcvl + nch2 B 13

43. C, = R
n, + ng
2 x §R+4X§R 15
(a) —2 2 -R
2+4 6
2 x §R-|-4><§R 11
(b) —2 2 _“R
2+4 6
2 x §R+4><§R 13
(c) 2 2 _°Rand
2+4 6
2x R+ 4x2R
@—2 2 _2°R
2+4 6
Passage 44 & 45
44, AW, oy =2 x px V=Y _ Q...
2 2
45. CA —isobaric and BC — isochoric,
C, 3
.
46. pV' =constant = p(nRT]
p
= p'7'T" =constant
y-1
= Txp?
5/3-1

Tocp 53 :>Tocp2/5

2/5 2/5
. qhz(pB] :{2PCJ —0.85
T, ba 3P,

" T, =0.85T, =850K

WRT lx%xl50
47. AW, =7 . 53
- |
3

—75x25J=1875J
48. AWy, =0, AQy. = AUy,

49.

50.
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3
=nx §R(TC -Ty)

=nx 3R[pCV - pBVJ

2 nR nR
31 2
= —| — - — V
2(3“ 3ij
1 1 3 3
- _ = V=->ITx= V =—=-nRT
g Pa 9 o Ps g B
__3 1x§x850=—5312.5J
AWAB =(+)Ve, TA = TB
p
A
Po “":'.‘
i
A
]
poj2 F———t--——=== _'}B
i !
i/o 2V "V
Po 3
=——V+=
P="gy, " T ot
= ﬂ:_&v_i_§p0

Vv 2V, 2
Po V2 4 3Dpo V,

or T=-
2nRV, 2nR
= y = ax® + bxis parabola .
. p nRT 3
Again, p=—— —— + —
g p 2V, 2 Po

= is also equation of parabola.
While going from A to Btemperature
first increases ad than decreases.

pV? =constant

k 1
AW = [ pdV = [ av =K - =
[ pav [ av -]
=—pV|[ =pV, -V,
=nR(T; -Ty)=-nR(T; - T;) =(9)ve
asTy >T,
asT; <T,=U, <U,

= AU =(+) ve
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51.

AQ =nCy AT —nRAT =n(Cy, —R) AT
=(HveasCy >R
i.e., heat is given to the system.
In cyclic process, AU =0
p

2T0 b

To F-- d

Vo 2V v

AW =0+ nR2T, In (ZVVOJ

0
+0+nRT,In (VOJ
2V,
=2nRTy,In2 - nRT,1n2
=nRT,In2 =(+)ve
ie., AW >0
AQgupplicd =AUy, + AW,
=nC, 2T, -T,)+nR2T,In (ZV‘;O]

52.

53.

_2x %RTO + 4RT, In2

= 3RTO + 4RTO 1n2

ab — isochoric, bc — isobaric and

ca —> isothermal.

A

AW, =0,AU, =0
as in ca density is increasing, so
volume is decreasing i.e.,

AW, =()ve,i.e., AW, <0

in isochoric process AQ,, is positive for
increase in temperature.

In isochoric process AW =0.

and in adiabatic process
AQ =0 = @5 to be minimum

= @ >@; >Q;

JEE Corner

m Assertion & Reasons

1.

2.

In adiabatic expression, AW =(+)ve

while AQ =0and as according to first law
of thermodynamics,

AQ =AU + AW= AU =- AW

i.e., AU =(-) ve this implies decrease in
temperature. So, Assertion and reason
are both true but not -correct
explanation.

Assertion is false, as work done is a path
function and not a state function i.e., it

3.

5.

depends on the path through which the
gas was taken from initial to find state.

Assertion is false, as first law can be
applied for both real and ideal gases.

During melting of ice its volume
decreases, so work done by it is negative
and that by atmosphere is positive. So,
reason is true explanation of assertion.

As AQ=AU+ AW = AU =AQ - AW,

where AU is state function while AQ and
AW are path function as for definite



initial and final state AU is constant and
so is @ — W. Thus assertion and reason
are both true but not correct
explanation.

. Carnot’s engine is ideal heat engine with
maximum efficiency but it is not also
100%. So assertion and reason are both
true but not correct explanation.

2
pV pV
. pT =constant=p-— =

i PR TR

= p?V =constant

dv
.~.AW=jpdV:j\/EW:\/p

yv2
1/2
=2JENV =2JEV =2/ p? IV
=2pV =2nR (Tf - T,) =2nRT AT
S AW =(+) ve for AT =(+) ve

and # T =constant.

m Match the Columns

1. (a)AW:pjdV:pV:nR(Tf -T)

=nRT =2RT ——r
(b) AU = nCy T =2 gR(2T—t)

=3RT —> p
RQ@T -T
(C)szyzszm
1-5/3 2
=—-3RT ——>s

(AU =nCy AT =3RT —p

. (a) In abslope is more so, pressure is less

as Vzn—-T, but is constant and in
p

isobaric process. AW = pAV =nRAT and

as AT is same in both process so, AW is

same for both —>r

(b) As AU =—-nC AT is same for both
process ——r

(c) As AQ = AU + AW, it is also same for
both process —— s
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= T? 'V
or, V o T?

Thus assertion is true but reason is
false.

. In adiabatic changes for free expansion,

Q=0,W =0and AU =0

as in free expansion no work is done
against any force.

For ideal gases pV =constantas AU =0
= T =constant So, assertion and reason
are both true but not correct
explanation.

. Assertion and reason are both true and

correct explanation.

. Assertion and reason are both true and

correct explanation.

(d) Nothing can be said about molar
heat capacity — s

. () AW =j pdV

[ kv _mrdV
_j\gdvx/%jﬁ

=2JkV =2pV =2nRAT —p
(b) AU =nCy AT = % nRAT —s

(c) AQ =2nRAT + %nRAT
= % nRAT —s

(d) —>s

. (@)AW = pAV =nRAT and AU=nC, AT

=AW < AU ——q
B)AW =0=AQ =AU AU =(9)ve— p, r
) AW =(H)ve, AU =()ve,AQ=0— p
(d) AW =(+)ve, AU=0,AQ =(+)ve —> p

1
. (a) AWAB :p()VO +§p0VO
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3
=—poVy—os
9 boVo
(b) AU 45 = AQ — AW
9
=+6pyVy _EPOVO =+ EPOVO —Ss

nC 4p,V, _ pOVO]

nR nR
— 3p0 VO C

(d) AU

—nC [4P0V0 _PoVO

=nbly | —FH—
nR nR

poVo _9

=3C,, —/—— ==
VTR oYo

3



19. Calorimetry and Heat
Tansfer

Introductory Exercise 19.1.

1. 1409 140 g mg 200 g msg (23 —19) = ms (28 —23)
ice | U [Tice | Q@ [water] ___ [water - 4s. =5 s
—15°c| > | occ |~ | oc| —|o°C B =5°C
200 g oms, (0-12) = g ms (28 — 0)
Q3 [water 3
| 40°C or 1 sp(0-12) = 5 sB (28 —0)
As Heat gain =Heat loss or 15(0-12) =16 (28 — 0)
Q@ + Q@ =Q3 or 3160 = 448 + 180
= 140x 0.53 x 15+ m x 80 = 0 =20.26°C
=200x 1x 40 3. mL =msAH
8000 —-1113 )
=m=——¢g— =86gisthe mass of = 80cal =1cal/°C(6—0°C)
ice melt = 6=80°C
.. Mass of water 4. As Heat gain =Heat loss
=200g +86g=286¢g = (100 —m) x 529 =m x 80
and mass of ice 1})%0 ><5Eé%9 =609 m
=140g-86g=54¢g :m=$g=86.86goficewill
while final temperature of mixture is 609
0°C. be formed.
do d
16°C 23°C 5. P="—=—"(msA®) = —sAe
dt dt dt
/ \/ \ am __P
= =
dt sA©
12° 19 c 28 c _dm _ 500x10° J/s
N " dt 4200 J/kg °Cx 10°C
5
ms , (16 —12) = ms, (19 — 16) i 10* kg/s =12 x 10* kg/s

= 4s, =3sp
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Introductory Excersise 19.2

1. Rest of the liquid will be heated due to

conduction and not convection.
9 4Q _ k-4nr® (- d6)
Todt dr

rdQ(l_l):—th(Tz—Tl)

a b

L AQ _4mh(T T T T,
dt 1.1 ba

a b

dQ _ kA0

dt t

p=99. 1

dt AA6

. Unit of £ = watt 12n
m--k

L Ly
19°C 0

=

=W/m-K

-10°C

0.01 0.08

3.5cm 2cm
001(19 - 0) 3 0.08 (6 + 10)
3.5 - 2
or 2(19 — 0) =28 (6 + 10)
or 38 —280 =300

5.

or Oz—%:—S.OT’C
30

dQ 0.01x1x (19 +8.1)
dt 3.5x 1072
=7.74 W/m?
daQ :@.L:0'44 kg
dt  dt 300s
=33088 J/s
kA B 50.2x0.15x (6 - 100)
¢ 1.2x 1072
=627.5(0 —100)

0 -100 = 3308.8 _
62

x 2.256 x 108J/kg

5.27

= 6 =105.27°C
dQ _kAW0-(=01_dm .
dt y dt

dy

y
[T

dy
AN YA §

Prar TP
N @ZPAL@
y dt

dy kb6

dt Lpy
aq

T —ecAT*
dt

=4x567x108 x 4n(4 x 1072)2

x (3000)*
=0.4x4 1x567x 4% x3* J/s
=3.7 x 10* watt

(Proved)

s,@:ie Ab _ K Kw!

th :%:W:

dt

=
dt Ry
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AIEEE Corner

m Subjective Questions (Level-1)

. @ @y Q3
1. ice — Water — Water —— steam
0°C 0°C 100°C 100°C

Q=0Q +6, +Q3:mLf + msA® + mL,
=10[80 + 1 x 100 + 540]
=10x 720 cal =7200 cal
. 10 g of water at 40°C do not have
sufficient heat energy to melt 15 g of ice
at 0°C , so there will be a mixture of
ice-water at 0°C. Let the mass of ice left
is mg.
(15-m)x80=10x 1x 40
15-m=5=>m=10g¢g
~Massofice=10g
and mass of water=(10 +5) g =15¢g

. 4x5p (60-55) =1xsp x(55-50)

= 4sp =sp
1xsp (60—55)=1st (55 -50)
= Sp =Sg

Ixsq (60-0)=1x s, (650
ors, (60 —0) =4s, (0 —50)

F 260
260:56362?:5200
4 dQ mx336x10° J/kg
T odt 4%x60s

0°Clhommm e

0°C {---

-
3, 1) Ep—
~

=1400 J/kg

= 1400 mW/kg
m-sA0 _ mx 4200(0 —0) c

t 2x60s
1400><2><60_e

4200

10.

= 0=40°C

Q=1><1mv2 =ms AO + mL
2 2

v = 4580+ D)

" v =4/4 (125 x 300 + 25 x 10%)
= /4% 375 +2.5) x 10*
=/4x6.25x 10* =500m/s

n mg Ah = msA©

o NEMh _04x10x05 1

o

s 800 400
=25x1073 °C
K,A(0-0) K,A(100-6)
l - l
= (K; + K,) 6=100 K,
100K, 100x 46 _1055°C

K, +K, 390x 46
lep =lac ~lca
KA(0 -25)  KA(100-6) KA(6 -0)
l - 1/2 1/2
or 0 -25=2(100-0) —20
or 50 =225 = 0 = 45°C

45— 25
oy = 2045725
iy =iy +ip
KA (T, -6) _KAG®-T,) KA®-T,)
l R 31/2

:>T1—6=g(9—T3)+g(6—T2)
3 3
2 4
or T, + = (T +T)=9(1+—)
1T g 3 3

T1+g(T2 +T3)
= 0= 3

7/3
3Ty +2(Ty + Ty)

7
KA(200 - 0,) 2KA(8; - 0,)

l l




67 | Calorimetry and Heat Tansfer

11.

12.

13.

14.

_ 3KA(8, —100)
- !

= 30, —20, =200
0; + 30, =500

~116, =—-1300
= 0, = 1390 _1189:C
11
0, = % [200 + 20, ] = 14545°C

4 10* (-1
o5 00x 107 (6 —100)

12
, 400 107 (8 -0)
1/2
25 W
Q * 0]
100°C S 0°C
C12m 12m

25=8x1072 [0 -100 + 0]

or 312.5=20 -100

= 0= % =206.25

. AB; =106.25 and A0, =206.25
AB;  106.25°C
Al 1/2m

AB, 206.25°C

and =
Al 1/2m

=212.5°C/m

=412.5°C/m

% —ecAT* =0.6x5.67x10°°

x 2% (0.1)2 x (1073)*
=0.6x 5.67 x (10.73)* x 1072 x 2
=902 W
(de = ecAT* and (de - cAT*
dt ), dt ),
o - AQ/AD; 210, 4
(dQ/dt), 700
(80 -50), :(80 +50 _20}
5 2
= K =£;
45

60-30) 6
t 45
(60+30—20j:>t=9min

m Objective Questions (Level-1)
3KA(35—6) KA(O —0)

1.
10 20

= 6(35-0)=0

- 08735 _30ec

o Ab, =35-30=5°C
2. Ts _ty _350 =0.69

Ty Ly 510

According to Wien’s law

1 K-4A A0
3. (de (de 4 no
dt )y dt ); KA®

l

:>(dm) =2(dm) =0.2g/s
dt )y dt );

dQ 4nK(0-0) 4r K(100 - 0)

4. dit 20 —a 3a —2a
a-2a 3a-2a
= 20 =6(100 - 0)
- 9=§><100:75°C
. KAT -T) KAT -T)
d 3d
S KT -T) = Ky(Ty - )

()18 P

dt dt

7. 0,6, +do

Q [ ] 0
0°C ax

“«— X —>

= (dQ] =2 (de =8 cal/s
2 1

}:2



10.

11.

12.

13.

14.

15.

p_dQ _K-Ado _K,(+anAdo

S dt dx dx
J-z dx :KOAJ-mo 46
01 + ax P 0

102 x 107*
Thasanl, =102 g0 _
a

= In(l+al)-In1=1
=In(l+al)-Inl1=1
=>In(d+al)=1

orl+al=e'

orl:l(e—l):e—1:1.7m
a

}Lizzﬂ :g:>7\‘2 :g km

M T, 3 3

Heat required to boil 1 g of ice is 180 cal
while 1 g of steam can release 540 cal
during condenstion. So, temperture of
the mixture will be 100°C with 2/3 g
steam and 4.3 g water.

Ty <T, <T; as temperature of a body

decreases in rate of cooling also
decreases such that time increases for
equal temperature difference.

Conduction is maximum for which
thermal resistance is minimum, as
Ry, ocr—zthen for

(a) 50 (b) 25 (c) 100 (d) 33.33,

So option ‘b’ has minimum resistance.
Slope of temperature versus heat graph
gives increase of specific heat or heat
capacity and the portion DE is the
gaseous state.

dQ =m sdt =maT3dT
Q@ _apap g g 150
m 4 4 4

Resistance becomes 1/4th in parallel of
that in series, so times taken will also
become 1/4th ie, 12/4 =3 min.

msy; x12=msy x8 = sy :8y =2:3

16.

17.

18.

19.
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KA(T—TC)_KA(TC—\ET)
V21 l
T T
= — +\2T =T, + <
V2 V2
N 3 T_1+«/§
2 V2oe
3
= =——T
C1+42
P =(1000-160) W =840 W
~ 2x4200x 50
- t
4
:ﬂ=500s:8min20s
840
@_KA(Tz—T)_ZKA(T—TI)
dt x 4x
1 1
= T, -T=-T--T,
2 2 g 1
= heim=3T
2 2
= T_g(T2+1T1)=%(2T2 + 1)
de KA{ 1 }
—==""1T, -=@QT, +T)
dt x 2 g 72 !
=E[3T2 2T, -Ty1x =
x
KA 1
=— (T, -Ty) x =
x
1
= ==
f 3
AGoci
K
AO, Kp 1
Ny K, 2
= A6A=%A93=18°C

m More than One Correct Options

20.

Amount of heat radiated or absorbed
depends upon. Surface type, surface
area, surface temperature and
temperature of surrounding, so (a) and
(b) are correct.
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21.

22,

KA(40 - 6)  KA(6 -30) . KA(6 -20)
l l l

= 40-6=20 -50

= 306 =90°

or 0 =30°C

So, (b) and (d) are correct.

mxsx(@20-0,)=mx2sx(0, —0)

= 49:39039():%9

C1:CHy =My 1S9 =8; 18 =1:2

So, (b) and (c¢) are correct.
23. In seriesrate of R =R; + R,

L1 1,1 aw
9 91 Qs 91 + Q2
In parallel l=i+i

R, Ry

1
= q=4q1 +qy aSCIOCE

So, (b) and (c) are correct.
24. (a), (c) and (d) are correct.

JEE Corner

m Assertion and Reason

1.
2.

10.

Assertion is false.

According to Wien’s law assertion and
reason are correct.

Assertion and reason are true but not
correct explanation.

Assertion is true but reason is false as
resistance becomes 1/4th.

Assertion and reason are both false.

Assertion is false as this statement was
not given by Newton.

Assertion and reason are both true with
correct explanation.

Both are true but not correct
explanation.

Assertion is false as temperature at
different points become different.

As mass of follow sphere is less so
cooling will be faster. So, both are true
with correct explanation.

m Match the Columns

1.

(a) (dQ/dy) MIT*T! s
CTTATT T 1%
=[MT 307*]

(b) |b=2T =Lo p

(c) 6= E _ [MLZT_Z]

-3 r
Ao mn [MT ]
(d) |Rth = o _ 0 s
dQ/idt [MIZT 2T
=[M L2739
2.
(a) Slope of line ab s
(b) Length of line bc «cm r
(c) Solid + liquid — bc¢ s
(d) Only liquid — cd q

g KA100-0,) KA, -0,)

: _KA(OdZ +80)
-
. 100-6, =6, -0, and
100-6, =6, +80
Oa =20, =_100}:>—3e =120
6, +0, =20 b
= 6, =40°C=0, =-20°C

40 -20

0, =0, = =10°C

©(@—>qMb—p ©>p (d—>r
4. (a) ms(6; —6) =2ms(26 - 6,)

=30; =50=0, =§9—>q



(b) ms(8y — 6) =3ms(36 — 0,)
=40, =100= 0, :ge—>p

(c)2ms(B3 —20) =3ms(36 — 63)
=505 =130= 0,4 :%6 —>s

(d) ms(0, —6) + 2ms(6, —26)
=3ms(30 —60,)

=60, =140= 0, =%9—>r

Calorimetry and Heat Tansfer
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5.

(a) s:l@: J _ q
m do kg°C

(b) c:ms:mﬁ:J"/C—) S

mdo

© =99 g, r
dt

() _E_ s

L=—=Jkg—>

m
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