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EXERCISE-l (MHT CET LEVEL)

S
@

P/
|sobaric

E :\Isothermd
Adiabatic

L
Vv

Area of P-V curve gives work done by gas. Clearly,
areaof P-V curveismaximum for isobaric process.

@

AW = areaunder thep—V curve

= %xpr 2V =3pV

@

work done= | areaunder P-V curve|

1
:E(4p1 - pl)(3V1 _Vl)

= 3p1V1

for anti-clockwise P-V curve, work doneisnegative
=>w=-3p,V,

)

©)

According tofirst law of thermodynamics,
Q=W+dU

Thus, only option 3 may be possible.

@
For all process

AU = AQ-AW

does not change as it depends on initial final states.

©)

Given AQ =-20J,W=-8J
Usingl¥law AQ = AU+AW

= AU = AQ—- AW =-20—(-8)
=12J

= U, -30=-12
U,=18J

Q.9

Q.10

Qu

Q.12

Q.13
Q.14
Q.15
Q.16
Q.17
Q.18
Q.19
Q.20
Q.21

(1)

PV = constant represents isothermal process.

@

As the bubble rises the pressure gets reduced for
constant temperature, if Pisthe standard atmospheric
pressure, then

(P+pgh)V, = PV

or Vv =v0(1+p—g'j

)

work doneinisothermal process,

\%
W:—nRTlogeV2

1

=—1x8.31x(273+0) log 224

‘ 11.2
=-15725J
@
T=300K V,=22 V=16
T=200K V=8

TV = T,V (Adiabatic)

TV =TV

§ 1.&1_ 1_6 15-1
2) Vv,

2
4
(1)
4
(1)
2
(1)
©)
2

T, = 273-13= 260,

_ T, . g 260
T,-T, T,-260

or T,—260=52; T,=312K,
T,=312-273=39C
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Q.22

Q.23
Q.24
Q.25
Q.26
Q.27
Q.28
Q.29
Q.30

Q.1

Q.2

@
The efficiency of the heat engineis

n_l_h_l_[Mj 4

T, 273+42TK ) 7 Q3
But n= w

Q
_ W LOKW

n

S Q =1.75kW =0.417kcal /s

[418F1cd] Q4

Thus, theenginewould require 417 cal of heat second,
to deliver the requisite amount of per work.

@

@ Q5
)

©)

@

12

@

)

T,=0°C=273K
Q6

_(1_§j
=TT 373 X100

=26.81%

T,=100°C=373K

EXERCISE-Il (NEET LEVEL)

dQ=dw +duU
dQ=PdV +dU
dQ =nRdT +dU
2dU
dQ= 5 +du
1

+1j Q7

au
dQ

1
TN

du

E_

(1)
Asf=5

2 Q8

4
Degreeof freedomf =3 (Trandatory) + 2(rotatory)
+ 1 (vibratory) =6

@
(AQ),=nC,AT = (AQ),=1xC,x1=C,

3 3
For monoatomic gas C, = > R=(AQ), = > R
@

Ix— 1><z
n 5
Wy KaYs (S‘Q (7_€
_ 1-1 v,-1 _ 31 51 _ 3_
ymix_ l‘ll + “‘2 - + - 2_15
11-1 y,-1 (5_1) (7_1)
3 5
@
H1Y1 +U2Y2
_ 11 yp-1
¥ mixture =
W M
11-1 7,-1

1, = molesof heliumzl—f:4

M, = molesof oxygen = 16_1
2 2 2

4x5/3_ 1/2x7/5
5. T,
- _.3 5
Tmix =741 2
+7

=1.62

54 74
3 5
@
For cyclicprocess. Total work done =W, + W, .+ W,
AW,,=PAV=10(2-1)=10JandAW,.=0
(asV = constant )
FromFLOT, AQ=AU + AW
AU =0 (ProcesssABCA iscyclic)
= AQ=AW, + AW  + AW,
=5=10+0+AW_, =>AW_=-5J

Q)
As AU = nRAT For closed path
AT=0

. AU=0.
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@

The cyclic process 1 is clockwise where as process 2
is anticlockwise. Clockwise area represents positive
work and anticlockwise arearepresents negative work.
Since negative area (2) > positive area (1), hence net
work doneis negative.

@
AU=0
. T =constant
clearly, option B iscorrect.

Q)

1
Work done = > 2P x2V, = 2RV,

o slopeor Pa

Tl 4d< B
o)
Pyl

slope 1
. P,<P,

(O

work done on the gas = negative work

W =PdVv when V — decreases
then W =—ve

hence option D is correct.

@)
AQ=AU+AW and AW = PAV

@
In processAB
T = constant

1
P=increasesP a v

or V =decreases AQ=AW.
AW =—ve. or
AQ=-ve

" heat isregjected out of the system

@

B >A

AQ=0

0=-30+AU,,

AU,, =30J

s AU, =-AU,, =-30J

@
AQ=AU+AW ; AQ=200Jand AW =-100J
= AU =AQ-AW =200-(-—100) =300J

Q.18

Q.19

Q.20

Q.21

Q.22

Q.23

Q.24

Thermodynamics

@
Heat given AQ=20cal =20x 4.2=84J.

Work done AW =—-50J

[As process is anticlockwise]

By firstlaw of thermodynamics = AU =AQ—-AW =84
—-(-50)=134J

@

L->M P=constantV a T.
MN T = constant

Here, option B is constant

@
©)

AQ AW _ L kad
At = At = Wor oneperunltt|me— L
aw_ dv_ a0 R
d¢ "dt L'V
_ 05R(300) , d¢ _ ka6

v dt L
:O.SR(EOO) PR

AL L

2

yokaf2r) k.

R\300) 100R

@

ProcessAB isisobasic an BCisisothermal, CD isochoric

and DA isothermic compression.

@

AsW.DD. isisobaric > W.D. in Isothermal > W.D in
adiabatic

or W,>W, >W,

Henceoption (1) iscorrect.

(@)

Process...(i) isisobatic
AU, = AQ—AW = positive

process (ii) isisothermal
AU,=0

Process (iii) isadiabatic
AQ=0
AU =— AW = negative

AU, >AU,>AU,
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Q.25

Q.25

Q.27

Q.28

Q.29

Q.30

Q.31

@
For polytropic process
R R
C= y_l + Tox =AsPV'=K
= Put x=y ..C=0

©)

1
Isothermal P oc v

1
Adiabatic P« Vid

Also, slope of adiabatic is more as compare to
isothermal
.. option (3) iscorrect.

@

B =y P (for adiabatic process
B=14x1x10°=1.4x10°N/m?
@

y-1 5,y
L_[Mi) o 300(27]3 _300(27J
TV, 8 8

ol (3] | o3 o

= AT =675-300=375K
@

dp
Slope=—y v;

Asslopeof A > slopeof B
~.yof A>yof B
or A— Hedium

B — Hydrogen

@
In thermodynamic processes.
Work done=Areacovered by PV diagram with V-axis

P

isothermal
Adaibatic
\V
Fromgraphitisclear that (Area), > (Area) adi
= Wiso > Wadi

©)

Adiabatic process

AQ=0

For any process

A, =nC AT

Hence, option (3) iscorrect.

Q.32

Q.33

Q.34

Q.35

Q.36

Q.37

@

R R
Wy =——(T-T,)=—=(T-T,
adi _1(| f) Y_l( 1)
@
ne1Teog 40 1 W 1w
T, ~ 500 5 Q 5 Q

= W:2 s x10* =1.2x10%J
5 5

@

Initial and final states are samein al the process.
Hence A U =0; in each case.

By FLOT; AQ = AW = Area enclosed by curve with
volumeaxis.

"+ (Area), < (Areq),< (Ared), = Q,<Q,<Q,-.

@
500 3
800 8

. 600
and in Second case, (n,) = 1—7

i 3 600
Sincen, = n, therefore 3 =1 T

600x 8
5

Infirstcase, (n,) =1-

=960K

200
x100in%or n = 173 infraction

" 473
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EXERCISE-Ill (JEE MAIN LEVEL)

Q1L @
As AU is a state function i.e., it depends initial and
final position
in processA and B initial and final temp are same.
AU,=AU,.
Q2

Gas has different specific heat for different processes
.. gas hasinfinite number of specific heats.

Q3
As compare to gas solid expand very less.
=~ C isslightly greater thenC,.

Q4 (3
Inthefinal condition.
L et atmospheric pressureis P and ht of liquid column

ish. \l'_ P+h=76
Y PV, =PV,
h  76x5=P(43-h)

380=(76—h) (43—h)
h=38cm
So,48-h=10cm=0.1m.

Q5 (9
P+50=75
P=25cmof Hg

5
10" o5=333kPa
75

Q6 (@
Asvolume increases
.. WD continuously increases

Q7 (1

Q8 (@
AU = sameis both process
Qacb _Wacb = Qadb - Wadb :
200—-80=144-W_, .
W, =24J.

Q9 @
AU=Q,, -W,, =200-80=120J
AU = Qba_Wba’ - 120 = Qba+ 52’ Qba: - 172 ‘]

Q10 (4
U,-U,=120
U, =120+ 40=160

Q.11

Q.12

Q.13

Q.14

Q.15

Q.16

Q.17

Thermodynamics

@

indb.

W, =0
Ub_Ud = de'
160—88=Qdb

Q, =721

@
AQ=AW+3AW

=4AW
nAW_AW 05
AQ 4AW
@
1% Process
AU, = AQ,~ AW,
=16-20=-4KJ
I1" Process
AW, =AQ,—-AU,
AU, =AU, ( AT = same)

So, AW, =[9-(-4)]=13KJ

@
AU=0
T = constant
or PV = constant or P-V curve is a rectangular
hyperbola.
clearly, option B iscorrect.

@
Inisothermal expansion
T = constant AU=0
W=AQ
option (4) iscorrect.

©)

W.D. =7t x Pressure Radius x volume Radius (area of
elipse)

(=59 (255
W=m| = 5| =5 P=P)(V,V)

@

L->M

P = constant

VaT.

MN T = constant

Here, option B is constant

PHYsIcs
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Q.18

Q.19

Q.20

Q.21

Q.22

Q.23

Q.24

@

AB — isothermal
P,V,=P.V, ()

BC — Adiabatic
PV /=P VJ

(1))

CD — Isothermal
PV. =PV,

N (11))

DA — Adiabatic
PV =PV,

(V)

From (i), (i), (iii) and (iv)

Ve _Va

Ve V,

@

For adiabatic
TV1=C(y>1)

()

For isothermal T = const
(1))

From (i) and (ii)

T,<T,

S

For isothermal

1
PVv=C.or Plav

1
..(i)
For adiabatic

1
pvi=C, P Vil

(D)
from (i) and (ii)
P>P,

@
Self explainatory

@

As AQ=AU+W
AU =—W (given)
orAQ=0
Processis adiabatic

)

PT = constant
PV

P(—j = constant
nR

P2V = constant. Therefore the graph Cissuitable.

@
From the graph shown.

V,, oc~[T ocA/PV
Va, Va, Va,
JVoP, 1V, .4P, : J4V P,
1:2:2
Q25 (O
T Pllﬂ =T, leiy
1-y 175
p\ /4 s
T, = T{;l] - 300(1} 3 —30042
2 4
EXERCISE-IV
Q1 [0435]
Q.2 [2329]
Q3 [0005]
Q4 [0007]
Q5 [0200]
Q.6 [0000)]
Q.7 [0217]
Q.8 [0126]
Q9 [0435]
Q.10 [0300]
Qu ©)
Q12 (
Fromfirst law of thermodynamics,
dQ=dU +dw
At constant pressure, dQ = ndeT
du=nCdT
du C, f
Fraction="3~"%"~ ~ 7.,
= Fraction dQ Cp fio
Q.13 (1
First law of thermodynamics,
0Q=38U+sW

Q.14

@

f
At constant pressure, 5Q=nC 8T =n (E + 1] RST

Work done= P8V =nR3T

In isothermal process, temperature = constant and
internal energy, U =f(T)

= internal energy remains constant

Fromfirst law of thermodynamics,

dQ=dw +dU

=dQ=dwW

(- dU=zero)

So, for isothermal compression, dW =-ve

= dQ=-ve

and for isothermal expansion, dW = +ve

= dQ=+ve

Mut Cer COMPENDIUM



Q.15

Q.16

@

(a) Isothermal expansion = T = constant
= dU =zero

(b) Workdone in isothermal process

= nRTIni
Vi
dQ

= C=—
(c) dQ=nCdT = ndT

For isothermal process, dT = zero

=>C=w

(d) Isothermal compression = dU =zeroand dW =-ve
= dQ=dU +dW =dW =-ve

@

dQ=dU +dwW

(a) Adiabatic expansion = dQ = 0 and dW = +ve

(b) Isobaric expansion = dW = +ve and pressure is
constant

(c) Isothermal expansion = dU = zero and dW = +ve
(d) Isochoric process= dV =0 (whereV =volume)
=dw=0

=dQ=dVv

PREVIOUS YEAR’S

MHT CET

Q.1
Q.2
Q3
Q4
Q5

Q6

PHYsIcs

@

©)

©)

(©)

@

Accordingtofirst law of thermodynamics,

AU =AQ-dW

Itisgiventhat,dW =0and AQ<0

Thus, AU =C dT = AQisnegative.

Since, C, is specific heat, which remains constant, the
temperaturewill decrease.

4

Fromideal gasequation, pV =nRT

For isothermal process, temperature remain constant,
So, if pressure decrease, then volume increase.

p1V1 = p2v2
1 9
Here, p,=p, [1—5) = 10"
1o,
9 1
.. Percentageincreasein volume

[ Y2 Vi 00
V,

1

=(E—1jx100
9

=V,

Thermodynamics

= % x100=11.1%
Q7 3
Accordingto first law of dynamics.
AQ=AU+AW
0=AU+AW = AW =- AU
In adiabatic process, work done does not depend on
the path,
i.e,, it independent with path.
Qs ()
For adiabatic process
p,V; = p1V1Y
p.=p A Y
= 2 1 V2
Vv 5
Here, V, =V, V2=Z,pl=p and =3
5/2
=p,=p| v | =(4)"p=2p=32p
4
Q9 @
According tofirst law of thermodynamics,
Q=AU+W
In adiabatic process, Q=0
: AU=-W
Q10 @
Internal energy does not changeinisothermal process.
Asentropy isameasure of disorder of molecular motion
of system. AS can be zero for adiabatic process. Work
donein adiabatic may be non-zero. However, internal
energy and entropy are state functions.
NEET/AIPMT
QL
Given processisisobaric
dQ=n C dT
5
=n| =R |dT
«Q [2 j
dw =PdV =nRdT
Reaired rati dw nRdT 2
equiredratio= —==—Ffg ===
dQ n(s R) ar °
2
Q2 (3

(. T,)
Efficiency of ideal heat engine, 1 = Ll— 7)
1




Thermodynamics

T, : Sink temperature
T, : Sourcetemperature

(. T,)
%mn = Ll_fJ x100
= (1— @] %100
373

= (1— @) x100=26.8%
373

Q.2
Q3

AA =AU + AW

=54x418=AU+1.013x 10°(167.1x 10°-0)

=AU=208.7J
Q4 (1
Q5 (1

Q.3

Q6 (1

1: Isochoric

2:Adiabatic

3: Isothermal

4: |sobaric
JEE MAIN
Q1 @

T
efficiency = (1—?1] x100
2
(T,) source temperature Q.4
(T,) sink temperature Q:5

25 _,_(213+27)

100 T, T,=27°C+273=300K

025=1- 030 475

2 2

T. - 30 =400K
2075~
Now making 100% efficiency from origina to, so

increasesin efficiency = 100% of 25

200 o5 50
100 <77

n' =25+25=50%

T
n= (1——lj 100

T,
50, 30
100 ~ T,

05= 3+ =T, =600K

Soincreaseintemp.

AT,=T, —T,=600-400=200K or 200°C

®
(©)
ol 40

T, 1000
n= W

Qgiven

w=3000x10°%4.2J
w=126x 108

@
I¥law =dQ=dw +du

:g+du
4

nC,dT = 4§1 nCdT

nE RdT = § nCdT
2 4

C=2R

@

[540]

T.=324K

T,=?

Q,=300J

Q =180J

Source
‘ TH

QH

Sink

;w=n0Q =g><5000= 3000K cd
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Q.6

Q7

QS8

Q9

Q.10

PHYsIcs

1_& =1- TL
Qy H
Q_T
QH H
T, =207 =390 304 = 540k
Q, 180
(16)
(T) T, = 200K
(T) Ty, =527 +273=800K
W =12000KJ=12x 10°J
Q=7
n=1—L=ﬂ=1 200 _12x10°
T, Q 80 Q
6
31240 _ 5 —16x10°3
4° Q
(1400)
Q=nC,At =—LRAT
v-1
Q:LWzﬁx4OO:14OOJ
y-1 04
@
Wi :M% Statemetnt 1
-y
Q=W +AU
0=W+AU
AU=-W

If work isdone on the gasi.e. work isnegative.

. AU ispositive

.. Temperaturewill increase.

Both statement - | & statement —2 aretrue.
(7479)

No. of moles= 2

Monoatomic gas

Temp=300K

R=8.31Jmol K

U=ncT

= ZXgRX3OO

=900x8.31
=7479 Joule
@

AQns=40J

Qu

Q.12

Q.13

Thermodynamics

AQ, =40~ 60 =AW
SAW=-201=W, +W_,
=W, =-20J-W,_
=—20—(-50)

=30J

(102)

Sink T5||1< =

225¢a =Q,

330 ca =Q,

Source | Tawe=227° C=inkelvin, T = (227 + 273
=500K

Qrei Tsink

Qab Tsaurce

225 T

300 500

_ 5
Tsink = §x 225

=375 K
T 4 =102°C

4
We know that work done is given by the areas under
P-V curve.

E
A
3Isobaric
2 Adiabatic
>\

Clearly Area3>Areal>Area2
SW,>W, >W,

@

For isothermal process
PV=PV,
2x10'V=P,(2V)
P,=1x10"N/m?

For adiabatic process




Thermodynamics

P2: Vz = P3V3 !
1x107(2V)**=P,4V)**(Volumn further duubled)

10° 6
P = W:>|33:3.536X10 N/m2

1 T, -40

H

8 l(l i 3) = E +£
2 2 T,
Q14 T,=266.7K
T T
n=1-2 M =1-—F Q.18 (70)
! ! Degreeof freedom=8
147 + 273 47+ 273 WD by gas = 150 Jat constant pressure
T 447+ 273 T 947+ 273 Heat observed by gas =72
Q=0+AU
_, 420 _1. 30 f
T 720 71220 =RAT + —RAT
1 7 1 16 (NRAT =150)
D) T o6l 8
=150+ —x 150
5 45 2 |
=75 ~ 61 Q=750Joule
12 Q19 @
LI Y m
M, 12x45 PV’ = const d—v
Q15 @ .
Constant entropy means process is adiabatic P(%} _ const
Al
V.=V AS= —Q
T P 4 _g
So T const d,
V, =~ AS=0 S= constant 7
273 . =0... [as S= constant] ﬂ_(ﬂjy_(ijs_i
PV/ =RV, .. AQ=0= Adiabatic Rod 32) 128
v L_Plvl_igz_i
P V=P, (g} T, PV, 128 4
P,=32P,
Q20 @
Q.16 (3 1
. W= > (600+300) 3J
Weknow n= (1— ?2}(100 =1350J
' W__=-300x 3=-900]
W___ =450
So N, :(1—%}100:%100:33% o
1 1
n,= (1——j><100= =x100 =50%
2 2
Q17
TL
n=1- T,
1T
2 T,
10 Mut Cer COMPENDIUM



Kinetic Therory of Gases

KINETIC THERORY OF GASES

Q1

Q.2

Q3

Q4

PHYsIcs 11

Q5
EXERCISE-1 (MHT CET LEVEL)
@
Vrn's,2_ @_i
Vms,l_ 300_\/5
2 400
Vy = —=x200= —ms™
= rms,22 \/é \/grns Q6
@
2 2
=1+ 1=
T
fo1 2
e = f=—
=2 y-1 / y-1

Q)

Q7
Weknow, V, =, /% = % increasein

\/3RT2 ~ \/3RT1
v =1 M M_ 100
\/3RT1
M
Mx 100
JT

/400 —+/300
=—————x100
v/300

| 20-17.32
17.32

Q8

x100=15.5%

©)

RT _
Vrms_ MO
. 3Rx2T Q9
oroxygenV_ = ,/— =2v.
Y9 rms M0/2 v

@
o« 1
Vavg \/WO
MO>MH
=V, <V,
oxygen molecule hits the wall with smaller
average speed

)

PV

M
M, RT.
M
V=g KN,T

MKT M,

oY, N_A = mass of each molecule it depends na-
ture of gas.

N,= constant number

@
Vv _[500+600+700+800+900}
avg

5
=700m/s
q \/ 5007 + 600% + 7007 + 8007 + 900°
an
5
=714m/s

ThusV__isgreater than average speed by 14 my/s.

@
Let‘n’ bethe degree of freedom

n
('f‘l)R
Ce 2—:(1+Ej:1.66

n

=GR

=§=(1+Ej
3 3

= n=3= gasmust be monoatomic.

@
Let‘n’ bethe degree of freedom

n
CV :ER




Kinetic Therory of Gases

Q.10

Q.U

Q.12

dso,C,~C, =R
C,=C,+R

C.="R+R
2

@

V.
Weknow, V. <~/T V2:71
Vi T
Vi T,
2
(M
Vi| T,
2
327+ 273
:TZ:L:—( )
4 4
=150K

=150-273=-123°C

@
Vl

Weknow, Vs o JT V, = >

S
v; T,

(327+273)

:>T2:L:
4 4
=150K

=150-273=-123°C

@

For an ideal gas undergoing isothermal process,
PV =constant

.. PV doesnot vary with V.

Q.13

Q.14

Q.15

Q.16

2)

E,= 3@ Rx 300} _ 2700R

Energy possessed by the ideal gas at
227°Cis

E,= 2(37R x 500) = 1500R

If T betheequilibrium temperature, of the mixture, then
itsenergy will be

e - 5[ 3RT)
2
Since, energy remains conserved,
E,=E+E
3RT 2700R
or O 2 =

or T=380K or 107°C

+1500R

(©)
Applying gas equation, pV=nRT

Wecanwrite, p, V =n,RT, and p, V =n,RT,

~ P _n, T, 12T ,
pl nl Tl 1 T

= P,= 2p

@

We know that

P.V, =n,RT,RV, =n RT

and P, (V, +Vg)=(n, +ng)RT

P (VA +VB) =PV, +RV;

p =(PAVA + PBVBJ
V, +V,

 1.4x0.1+0.7x0.15

MPa=0.98MP,
0.1+0.15

@

Assuming the balloons have the same volume, aspv =
NRT. if p, V and T are the same, whether itisHeor air.
Hence, Number of molecules per unit volume will be
same in both the balloons.

Mut Cer COMPENDIUM
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Kinetic Therory of Gases

Q17 @ Q.6 €]
Let there are n, moles of hydrogen and n, moles of one molecule has some single value of speed whichis
heliuminthegiven mixture. AsPV =nRT equal average speed and rms speed of the gas
Then the pressure of the mixture V=V
nRT  n,RT
P:1_+2_:(n1+n2)ﬂ Q.7 )
v v P T, B-B T,-T
: (83<300) TR LT R T
= 2x101.3x10 :(n1+n2)><—3 2 2 1 1
20x10~
3 = = (A—PJ%:(M}QOO:OA%
(ng+n )_2><101.3><10 x 20x10 P 250
on T2 (8.3)(300)
or,n +n,=162 (1) Q8 @
The mass of thfmlxturels(m grams) PV =NKT = N= —
nx2+n,x4=5 KT
=(m+2n;)=25 ..(2) (1.64x 103 x1.01x10%) x (1x10°°) .
Solving the egns. (1) and (2), we get 138x10-2 x 200 0.23x10
n,=0.74andn,=0.88
my 074x2 148 2 Q9 (@
Hence, = = = c
Mye 0.88x4 352 5 v oo _\/ﬁ _\/ﬁ
Q.18 (2) ar— V ™ ™M
Q19 (O v
Q20 Y _ |12 \/1:4
Q21 (3 Vi, 1/28 1
Q2 @
Q10 (2
EXERCISE-Il (NEET LEVEL _ |8RT
( ) Va/_ T;MO 'VAvaﬁ
Q1 @
- ~ L A For sametempinvessel A, B and C, Average speed of
P=MVav,AsVav =0 (inequilibrium) O, moleculeissamein vessel A and C and is equal to
~B,=0 Vi
Qu @
Q2 3 PV =mrT sinceBV,r —» remainssame
1
A=—r——=hocd? 1 m _T
Mean free path ﬁndzn:> o« Hencem o = :_1:?2
T m; Iy
Q3 @ . _ 13 _(273+52) 325
Red gas behave as an ideal gas at high temperature = m, —(273+ 27) = 300
and low pressure.
=m,=12gm
Q4 ) i.e, massreleased = 13gm—12gm=1gm
The collision of molecules of idea gas is elastic Q.12 (3
collision According to the Dalton’slaw of partial pressures, the
total pressurewill beP, + P, + P,
Q5 (O
P Q13 (2
m =nRT AsAU isagatefunctioni.e., it dependsinitial and final
p position in process A and B initial and final temp are
slopeof T, >slopeof T, same.
AU,=AU, .
PHysIcs 13



Kinetic Therory of Gases

Q.14

Q.15

Q.16

Q.17

Q.18

Q.19

Q.20

Q.21

Q.22

@
ﬂ = R(constant) = ﬁ = %
T T, T

200xV P, x1.02V
= (273+22) (273+42)

(V,=V +0.02V)

200x 317
=P =

2= 275102 - 209kPa

@
@
@

1= Y27, o[V, (2734 27) = 450K
2= v, Y,

=177°C

@

3RT 3RT . 3x83x300
Vv - V =M= — M = 5
rms Vims (1920)

=2x 10°kg=2gm = Gasishydrogen

@
Vrms oC ﬁ

(2

©)

VmT:ﬁ:L:l:M:@
vV, T, 2V T, T,

T,=600K =327°C

@

Asinitial and final state are same

E TI:TF Asvrms’ |5av and Rav

depends on temperature
. dlareequal.

)
-
v = [3RT _ [3x8.3x10" x 300 =517 msec
rms M 28

Q.1

Q.2

Q3

Q4

Q5

Q6

Q7

Q.8

EXERCISE-I1l1 (JEE MAIN LEVEL)

©)

8KT
= ,|— ,asT = constant
m

VaV = constant

av

)
Pav =MV, , as the average momentum of an ideal

gasiszero
.. option D iscorrect.

@
\/3RT B \/SR x 273
32 28
273x 32
28

@

Real gas behaves as an ideal gas at low pressure and

=426.3k.

high temperature

©)

8RT
V= M, =v

for nitrogen

8Rx 2T
Va =M, /2 =V
@

1
\Y
% M,

oxygen moleculehitsthewall with smaller average
speed

@

8RT
Va/: T[MO ’VA\/a ﬁ

For sametempin vessel A, B and C, Average speed of
O, moleculeissamein vessel A and C and isequal to
\Y;

%)

3
AstrandationK.Eis= > nRT

E—EF’\/
T2

where E =total trandlational K.E.

14
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Q9

Q.10

Q.U

Q.12

Q.13

Q.1

Q2

PHYsIcs 15

©) Q3
For anideal gas, the no of moleculesof equal moles of
gasissame.

@
1
Averagerotationa K. E. = > KTx2=KT
So it will be samefor both the gases.
@
2E

Wearegiven P= EVE

PV=ZE

4
3 Q
E==nRT.
2

HereEisthe Trandational K.E. for all the particles.

@
We know that

PV = nRT
5 23 3
py 1310 x[7><(10 ) ><10J
RT 8.3x 273
So, Number of

~1.3x10°x7x10°
8.3x 273

molecules is

x 6.023x10% = 2 4x10%

(©)
PV =nRT
temperature remains samefor all ideal gas

EXERCISE-IV

[0075]

f 5 Q5
AV = > NRAT = > (P,V,—P,V,)=63J

mgx + 5 kx2+P,Ax = O

Oy =123 = AQ=75J
(000e]

AW =0

. AQ=U,-U,

_[2N 5RT 2N 3RT| [5NRT Q6
372 3 2 2
_8NRT 5NRT _ NRT
3 2 6

Kinetic Therory of Gases

[0040]

PV =0 RT
M

PVM  500x10°x5000x10°® x 40x10~2
m= =
RT 25 300

ik =40
100979

[0020]

kx :
pi:po+ X =2x10°P
p,=2x10°+10°x
v,=1A
v, =(1+x)A
PV

—— =const.
T

2x10°x1A  2x10°+10%x

To 2T,

= x (1+x)A

bae (2+10x)(1+ x)

2
24=(1+5x)(1+x)
2.4=1+5x2+6x
5x2+6x—1.4=0
= —6+/36+4x5x1.4

10

=0.2m=20cm

[0076]

“hg | X

air |[| 200—X

P\V,=P)V,

(76) (100) = (76 +x) (100—x)

or x=24cm
gascolumnlength=76 cm

[0072)

(po + hpg) Vo = (po - hpg)V
(H+8)x4=(H-8)x5
4H+32=5H-40

72=H




Kinetic Therory of Gases

Q7

Q8

Q.9

Q.10

[0075]

PoVo

N M

10°xAhg  10°+5x10°x10x0.2x V;

RV)

Ny 0.4n,

10° x 4x10™* x h,
No

(10° +0.2x10x 5x10%)V,
- 0.4n,
V,=4x10*[h,—h] +0.2x 1x 10
hy=1.1x10°x[4x 10 (h,—h) +2x 107
=1.1[40h,—40h +2]
16h, = 44h, —44h+2.2

44h=28h +2.2
44h=28%x1.1+22=33
h=0.75m
[0125]
av, V,
_RxVo _ Rx4Vy SRV
M~ Rx300 ™~ Rx300 " 300R
COPxVy,  Px4V,  Px4v,
M~ Rx300 ™" 400rR '"" 400R
5
:>2P0:P :P=125kPa
@
W)
f
CP:(EHJR
fR
CV :7

work done = J' Pdv =PJ' dV (- prssure is constant)
=PAV

QU @
AsPV =nRT
= at constant temperature Pv = constant

_ [aRT
Vrms - M

Q.12 (3
_ [3RT
VRMS M
_ [2RT
Vmps M

_ |8RT
Va"g “\NaMm
Maxwell distribution curveisunsymmetrical.
Q13 (O
Boyle' slaw isPV = constant

Charle’slaw isV o« T (For P= constant)
Gay - Lussac'slaw isPoc T (For V = constant)

P
Avogadro’'slaw isV « n (FOF? = constant )

Ql4 (&

Vrms= SR_T

M

2RT

Vo =T

8RT

Vor "\

RT

Vsound = 'YV

PREVIOUS YEAR’S

MHT CET
Q1 (I
Qz (1
Q3 @
Q4 (D
Qs (I
Q6
Q7 (@
Q8 (9
Q9 (¥
Q10 (2
Qu @3
Q12 @
Q13 (3

Mut Cer COMPENDIUM

16




Kinetic Therory of Gases

Q14 () Q26 (2
Q15 (2 Molecular weight of themixture,
Q16 (1)
Q17 @ M =Myt M,
Q18 (3 N, +n,
Q19 ()
Q20 (3 - % %? x10"*kg mol *
Q21 @
Q22 & ] 3
Q23 (¥ For helium,C = ER
Q24 & .
Thermsvelocity of gas molecule, For oxygenmix C,, = > R
3RT
ms =T (C,).. = nC, +n,.C,
1 _(3RT) 3 ™o+
AsK=3Mue =M T )72
3R 5R
1+ —+2x—
3 __ 2 2 _13R
=K =7 RT 1+2 6
From ideal gasequation for onemole, Now(C) ,,=(C),, +R
pv=RT _IR 19
(FromEgs. (i) and (i), we get, re R_ER
02K
3V r (Cp )mix 19
(2 . . ™(c,). 13
Hence, pressure is (g) rd of kinetic energy per unit ( V) mix
volume of gas. ) ) r < RT
Q25 (3 Speed of sound in the mixture, v = ™M
Given,y=15
rmsvelocity of gasmolecule,
3RT
=To V?
rnm m
T,_V,
 2=-2
LA Q27 (3
v Given, T, =27+273=300K
Here,v,= T,=927+273=1200K
(V,.),=100ns
T2 (Vl / 2)2 1 ) (Vrms)z =i
Y (i) We know that,
T, A 4
For adiabatic process, Vipe e NT
7l =
TV constant \/7 B 0 0
% -3
=2 ==
Vi T v, m5)2 = 2><(vrm ),=2x100= 200 m/s
v. (1Y 3 Q28 (1
= Vz = T_l =(4)r52 [using Eq. (i)] We know that, according to Mayer’sformula,
1 2 Cp=Cv+R
=(4p=16 3 7
Hence, gas has to be expanded to 16 times. = ZR+ R :ZR =175R
PHysics 17



Kinetic Therory of Gases

Q.29

Q.30

Q.31

S
. 3RT
Roots mean square velocity, v, =

s M
wo < NT

suppose, Vims =V, andT, =T

Initial rmsvelocity, v

Vi, =?and T,=5T

=8

Vrm52 = \/g Vrms

4
For kinetic energy,
KE, T,
KE:§kT2>KEOCT2> A=A
2 KE; T
Given, T, =360K, T,=420K
KE, _T, _420
KE, T, 360

Hence, KEB:KEA=7:6

@
We know that, rms speed is directly proportiona to
square root of temperature.

Vrmsocﬁ

Hence, —me) = an
' Vrms(2) T2
Given, T, =27°C=(27+273) =300K
T,=227°C= (227 +273) = 500K
Vinsy) = 400 ms?

Vims f 300 / 500
,ms o 500 rms(2 300 rms

". Vrm52 = VS]

=V, = =516ms™*

NEET/AIPMT

Q.1

Q.2

Q3
Q4

@

KE oc Temp.

i.e. increasing temperature, increasesKE of gasfilledin
container.

@

@)
@

JEE MAIN
Q1 (@
Q2 (1B
(n=No. of moles)
 0.056x10°
28
=2

Q3

Q.4

Gas enclosed in a container so volume is constant
Heat energy AQ=nC AT

3+2
Degree of freedom= / \
trandation rotational
5 f
C,==R =—R
AL
velocity = v ="—
V oC ﬁ
= Vv, = 2v, [according to question]
T =2,
T,=4T,
AQ=nCAT T,=127°Cor400K

AQ=nC, (T,-T)
AQ=nC, (4T -T)
=nC,(3T)

T,=1600K

5
=2x > x 2% 3% (400)
AQ=12000cal =12 x 10° cal
AQ=12Kcd
@

(R=2cd moletk?)

fR
Weknow C = > SoFromeq.2

C
_p:1+§
c, TR

(250)
(Bonus)

=1+E
f

f
AverageK.E./molecule = > kT

18
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Q7

QS8

Q9

Q.10

PHYsIcs

Kinetic Therory of Gases

[ 2
So M 2 kT _ E = (Vrms)alomic = (Vrms)molecular x m = 2( Vrms)molecular
' Koz _§kT B 5
2 QU @
© Given
PV =nRT 22.4L volumeof gas=1mole
s . =448 L(He):2mole
_ 100x10° x 2000x10 N=10. of mole= 2
25,300 3 |
3 C,= 2 R (He) » monoatomic
n=80x103 CAO) =
nl + nz =0.08 . AQ _SnCVAT
n,x2+n,x32=0.76 - °R - -
(0.08-nj2+n, (32)=076 =2x 5Rx20=60x83=498
n,=0.02 AQ=498J
n,=0.06
n 3 Q12 @
n, 1 16
) No. of moles of hydrogen = )
128
T No. of molesof oxygen= = ——
= P, P Total no. of moles=8+4=12
= AtSTP
§ Pressure=1 atm, Temperature= 273K
9 | =1013x10°Pa
T, Using ldeal gas equation
T PV =nRT
=1.013x10°xV =12x8.314 % 273
PV=nRT _ 12x8.314x272
V_nR 1.013x10°
T P _ 12x8.314x273x10°
nR _nR 1013x10° O™
R R V =27x 10 cn?
P,<P,
Q13 (***)
) Given1 (A and D) only
KT Average kinetic energy of agasmolecule
J2rd?p k.E,,= f KT {f =degree of freedom}
@ 2
(A)TI=KE, 4
3RT
Vs = 4| —— (B) T =constant = K.E, = constant
M (C) Not necessary
To52T (D) Pressure is constant given
M (E) Not necessary
M->—
2 Q14 (0
/SRT
T Vrms AT
Vrms o, }M m
19



Kinetic Therory of Gases

Q18 (2
Vg = /ﬂ By theory
m
Q19 @

Vi = \/Evsound (given) [Pavg = 0] (dueto random motion)

[3RT /2. [RT RT
m m \/é \/E\/; 2Y Vrms_ M
3 T,.=2T
M :E
2T
v
2% 2R+nx 'R 3 M =M e VM /2
nCp, +n,Cp, _3 % =2 new ~ 9 v /L
nCv, +n,Cv, 2 2x°R4n>R 2 M
2 2 -
vV =2V
new
10+7n _3
6+5n 2 Q20 @
20+14n=18+15n Vims © AT
2=n
Q15 Ak
n=7 Vs T,
AT=40K ifv,=2v,
AU= nfRAT _ 7><3><8.3><4O:21X166:3486J vi - [T, o E_ L
2 2 v (1 4 T
Q16 () 1 \T,
R =T,=4T,
c, = Heat supplied R=8.32Jmmolk
2 Q=nCAT T =300K
_ nR _n+ 2 14 5
Cp_7+R_ 2 R %XERX(TZ_T].) T2=4X300
= - EXE 8.32 x (1200 - 300 1200 K
Cp n+2 282 x 8.32 x ( - ) =
Q17 = 9360 Joule
PV =nRT
Same gas, same volume and same temperature Q21
TV TV C /miX:M
’ ' Y n, +n,
N, N,
A B -2 2
1+3
3RT
(D) Vims = Ve (T and M (molar mass) are same so _9_R_oc_2R
4
V, . —> Same) w=3
P n N,/N N, 1
(2)Pocn P NN N2
> n, N,/N, N, 4 Q22 @
P 1 V,.), 1 v [3KT _ [3x138x107x293
(3) in (4) - == ms — AT . T 5 10—17
2 (Vrms)Z 1 m x
~15mm/s

Option — A and B are correct

20 Mut Cer COMPENDIUM



Oscillations

OSCILLATIONS

EXERCISE-I (MHT CET LEVEL) =>¢ -9, :%
Q1 @ Q6 (@
Inlinear S.H.M., therestoring force acting on particle
should always be proportional to the displacement of
the particle and directed towards the equilibrium
position.
i.e, Foc X
or F = —px whereb isapositive constant.
Qz (I
Veloci V_d_X__A ; t /4 X =acCos (D'[+E
ocity, V = e osSn(ot+m/4) 4
Ve ocity will be maximum, when ont
ot+n/d=n/2%0rSot =n/2—n/4=n4 orXZaCOS(Tszj
ort=n/4n
Q7 (1)
Q3 &) ] ) For an SHM, the accel eration a=— X
Maximumvelocity = an =16
. L
Maximum acceleration = w?a=24 Where,  is a congtant :?ﬂ
_(aw)® _16x16 32
% ofa 24 3 -
A= —— X — = ———
T X T
Q4 (@ The period of oscilation T is constant.
For SH.M. F - _kx. T
.. Force=Mass x Acceleration oc —X . al is a constant.
= F=—Akx; whereA and k are positive constants. X
Q5 (2 Q8 (9
_ : Q9 (2
X =asin(ot+¢), X% =asn(ot+¢,) 010
= Qu @
Q12 (2
% = %,|= 2asin£cot+—¢1+¢2jcos(—¢1_¢2J Q13 ()
2 2 Q14
. o b+, ) _ (kj
Toma><|m|ze|)(1_xz|-2a5'n(a’t+7 =1 1 ns_ ke on_Jl2) 1
“oxVm —ne \ke 7on, Y2k 2
_, aJ/2=2ax1x cos(qﬁl;quzj Q15 (
F 0.5x10
Force constant K = v OX2 =25N/m
i—COS h—9, :>£_¢1_¢2 '
— = 72 =11 72
J2 2 4 2
Puysics 21



Oscillations

Q.16

Q.17

Q.18

Q.19

Now T = 275\/E =2n /% =0.628 sec Q.20
k 25
Q.21
@
22Vm 7w Vm K \mo2k "7
@
Q.22
@
The kinetic energy of a particle executing S.H.M. is
given by
K =£ma2mzsin2wt
2
Now, average
1 242 cin2
K.E.=<K >=<Emm a‘sn ot >
1 Q.23
=§mmza2 <sin® ot >
L e[ ) <csntos=t
2 2
Q.24
1 2.2 1 2 2
=—me’a’=-ma*(2nv) (- o =2mv)
4 4
o, < K >=n’ma’v?
@
Thetwo springsarein parallel.
.. Effective spring constant,
k=k, +k,
Now, frequency of oscillationisgiven by 8;2
; _1 ]k Q.27
2p\Vm Q.28
Ll
or, 2p m ..(i)
When both k, and k, are made four timestheir original
values, the new frequency is given by
fro 1 |4k + 4K,
2p m
Q.29

f,=i 4k1+4k2=2i/k1+k2 _of
2 m 2 m

@

@
F=kx =mg =kx = mokx

Henceﬂ:ﬁxﬁ :é:in
m, k, X, 6 k/2 x,
=X,=3cm

@

t oc i t'OC i
Jog' V128

(g'=9.8+3=128)

t' 9.8

t V128

9.8

12.8

@
At B, the velocity is maximum using conservation of
mechanical energy

1 5
APE=AKE = mgH:Emv = v=,/2gH

@

If visvelocity of pendulum at Q

and 10% energy islost whilemoving from Pto Q
Hence, by applying conservation of energy between
PandQ

1
Emv2 =0.9(mgh) =v2=2x09%x10x2 =>v=6nm/

sec
@
@

©)
©)

If first equationis y, =a, sinot = Sinot -5

. (i)
then second equation will be y, = a, sin(cot +gj
@

Less damping force gives a taller and narrower
resonance peak

22
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Oscillations

Q7
Ball execute S.H.M. inside the tunnel with time period
Amplitude
R )
T =2 |— =84.63min
g
Hencetimeto reach the ball from one end to the other
Frequency
end of the tunnel t = # =42.3min
Q8 (@
Q30 When the spring undergoes displacement in the
downward direction it completes one half oscillation
EXERCISE-Il (NEET LEVEL) whileit completesanother half oscillationinthe upward
direction. Thetota timeperiodis:
Q1L @ m m
" T=mn|—+m|—
Standard equation of S.H.M. %:—mzy, is not k 2k
satisfied by y = atan wt. Q.9 )
Phase change = in 50 oscillations phase change 2 in
Q2 @ 100 oscillations
At mean position velocity is maximum So frequency different — 1 in 100.
. Vi 16 4
e, v —wa= 0= T4 Q10 (O
LV =oma’ —y? = 8/3=442-y? Qu @
= 192=16(16-Vy?) = 12=16-y? Given spring system has parallel combination, so
=y=2cm
keq:k1+ k,andtimeperiod T = 2 ( m j
Q.3 (©)] k, +k,
Velocity v = oy A? —x? and acceleration = o> 012 @
Now given, ®°X = aVAZ—x% = 0’ 1=oV22-12 With respect to the block the springs are connected in
on 2 parallel combination.
= 0=+/3 O e 1 k4K
© 3 .. Combined stiffnessk=k +k,and n=—,|-*—2
Q4 (I 2\ m
Since maximumvalue of cof?wtis1. Q13 (@
o K, =K, coot—K, '
Also K _=PE__ =K,
1 |k 1 |2k
i i f=— | = |==
Q5 @ For the given figure o ‘/ . \/:
N 1 . ()
Kinetic energy T = E mm2 (a2 _XZ) and potentlal If one Spl’ing isrerﬂovaj, then keq =k and
1 po L[k
energy, V = Emmzx2 “ 2z \m
...(iD)
T a*-x?
VX F ation (i) and (i), = =V2 = '=—=
rom equation (i) and (ii), £ = 2
Qe @ Q14
_ 1 2 2 1 2 47'(.2 a2 1 1
E=omae” = oM (? = Eo Tz Given elastic energiesareequal i.e., Ekle = Ekzxﬁ
Puysics 23



Oscillations

2 _ 2 _
k X Amax = —2mn° = g
- = X—2 and using F = kx = Ffor which mass just breaks off the plank
2 ' ®w=4/9/2
[ kX, —ﬁx & B ﬁ Thiswill be happen for thefirst timewhen
F o kx, k, ky k, (Dt-l—%-k% or Oot:g
Q15 (4 e _T 2
6o 6\g
T=2m |0 :L= &=,/4—m=2 =T,=2x2=
k 7T \m \m Q19 (3
4s I
T=2n|— = Tal
Q16 (2 g
. 1
By using K ocl—
: : . Q20 (@
Since one fourth length is cut away so remaining
3 4 =
length is Zth’ hence k becomes gtimes i.e., Asweknow g R?
k':ﬂk_ . gearth :MeXR_Fz’ &_E
3 gplana Mp Ri gP 1
Q17 @
ki=%+2_1k+4_1k+§+ ..... Mo To L o Te_ [o 33:\/1
of \/a T, de T, 2
—1|:1+1+}+E+ :l—i(#j—g
k| 2 4 8 77 kl1-1/2) k =T = 2J2sc
(By using sum of infinite geometrical progression
Q21 (3
a+—+—2+ ..... o'e] sum(S): —r) |
In stationary lift T = 2n\/:
ky =X g
eff 2
Q18 (1) — I
From, figure, Inupward moving lift T' =2z G+ a)

(a=Acceeration of lift)

:12\/9 = 9 Z\/EzT'—Z_T
T \g+a (g+ij 5 J5

Q.22

@
T=2n \/I \/I =
g = g = constant

= :>Imlg:>I 1m
oc ——== =—
9= 969" "%

2
u=a=—20)2$in(m’[+£j
dt? 3
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Q.23

Q.24

Q.25

Q.1

Q.2

Puysics

)

Oscillations

According to the principle of conservation of energy, %t = g
%mvzzmgh or v=,/2gh =/2x9.8x0.1 =1.4m/s t=4sec.
Q3 (@
(@] a=—w’
The displacement of the particleisgiven by: =—w?’Asnot
x =A sin(-2wt) + Bsin? ot n
I —cosot
— _AsinZot+2 (1—cos2mt) —(DZAJ (Snot)dt  -o’A [ }
2 0 ® o
<a> = T = =0
. B B T-0
= —(Asin 2ot +Ec032mt) +s Jdt
This motion represents SHM wtih an apmlitude: °
2
2 B .. B Q4 (
AT+ 4’ and mean position 2° Let particle A be the particle shown with initial phase
135° and B bethe particle at extreme. Hencethe phase
)] difference between themis 135°.
U=mV =kmr
du
force, F=———=-km
dr
/ ™ /\
2 ]
Now, =km = v o 1"’ \ Q
2nr  2nr 2 |
L T=="= =T «<r
. U2 <«
v cr Y
@
€ Q5 (@
A particle has same velocity between0& V _ and 0
Resultant amplitude — & + 4% =5 and-V__ twiceinitsmotion. Only V _ isavelocity
B ta= which aparticle attains oncein its one oscillation.
EXERCISE-IIl (JEE MAIN LEVEL)
@ /
Vs OV g \
If initial velocity is \;__
then after onetime period particle acquires same speed
V.. in same direction means same velocity y;__ A Vm: A
&) Q6
y =acos ot V=0,p2_x2
a (50m)?=(10m)? (10> —x3)
— =acoswt
2 = X=%* [75=%5./3
T So, separation between pointsis
ot=73 Ax=2x 5/3 = 1043 =17.32cm.
25



Oscillations

Q.7

QS8

Q9

Q.10

Q.U

Q.12

©)

1 1
- 2— _ 2__
2kx 2k(A X?)

>

or X

@

] ] ]
Al I'1sec B
¢ 5 1sec

—_—

~ 2sec

2sec

T
Hencez =2sec. T =8sec.

@

From question

1 1
Emw2A2=8><1(r3:> EXO.].XQ)ZX(O.].)ZZSX 10°=

w=4

So, equation of SHM is x = A sin(ot + ¢) = 0.1

T
inl 4t+—
sm( 4].

@

Total Energy of S.H.M. remains constant so average

energy = Total energy

©)

_ 1 2
El_EKX
_ 1 2
EZ_E Ky
1
E= EK(x+y)2

1
= E= > K(x?+y?+2xy)

=E, +E,+Kxy

_ 2E, [2E,
=E,+E,+K a K
=E +E,+2 [EE,

&)

4d%y

9 3
+9y=0 2= — = —
i y = 4:>03 >

Q.13

Q.14

Q.15

Q.16

Q.17

©)

Particle 1 and 2 are as shown and their phase difference
is60°.

@

Slopeof F-x curvegivesK

ENLS
f,= 2r\m,

f
fZ:Elor m,=4m_or; k m,—m, =3kg

@

K
o= \/% and Ke=mg (at mean position)

@

k. =2k+k+
e

2k x 2k _
2k +2k

so, frequenc f—i Kg _ 1 3K
U T= 5 A M~ 22\ M

Mut Cer COMPENDIUM
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Oscillations

Q.18 (@
Total M.E.=T.E. at M.P+Total oscillation energy 9 =5 9_ |9 |uop 24 _
= T =2n=>n=5
+4 1 V144 9

o 1., Thus after 5 vibrations of longer pendulum they will
Total oscillation energy = - Ka” =4 again start swinging in same phase.
2
—~ K =8x10* = T:ZTc,HV%< :T:%OO Q24 (3
v? (0A)?
T =mg+mw?/=mg+m— =mg+m —— =
Q19 @ mac = MG HMOTE=ZMITM =7 = MY ;M
In spring mass system time period depends only on k
andm, notong +mQX—2 m_\/a
AN 4
Q.20 (1
We know that AN A
x=Asnot orT__ =mg+mg (7j =mg |1+ 7
a _ .
—=asinmt
2 Q25
ot=" 14
6 T=2n \/g , At high altitude value of g decreases
t=T Iengt_h of pendulum must be decreased to keep
6m correct time.
Now v = am cosmt
Q26 @
amcosfzﬁ—azn=—an\/§
6 2 T T I2R22250222
= = ==X X = =
5 ™75 027=3
Q21 @
_ e _ r=Coc= =21 -01
gMoon_ 6 o TMoon_ \/6 TEarth 0 1
Q22 (O _ 1 2 _
Given timefor both are same T=2n C =2n 5x 0.1 = 2n % 2= 4r Secs
9T, =TT,
b % Q27 (1)
OX 21 4|7 =7X2m4[ '
o—
Q28 (O
/ 49 e . . .
= 9.1 =7 \/Z N g_l = When the lift is going down with constant velocity
2 the acceleration is zero.
Q2 @ When there is aretardation of 'a' theg,,...IS 9+ a

Letx,=A sinotandx,=A,sno,t
Two pendulumswill vibrate in same phase again when
there phase difference (o, —o,)t = 2n

Y4
2n  2n Tl:T:Zﬂ\/é 9 =(9+2)

= (.I__2 —f)tZZn

g g
=N (\/;—\/m]”ﬂ'l = 21 (where n is number of aT (L lmove . 7
2

vibrations completed by longer pendulum) g+a

V =constant = a =0 Sothereisno effect.
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Oscillations

Q29 (1 y =sin(1001t) + cos(1000t) + sin (1000t) + cos (1999

T =2 sec. t)
Ton [ y=sin (1001 1) + /2 sin (1000t + 1t/4) + cos (1999 t)
mgd So the given expression iscomposed by three equition
Time period of asecond’s pendulum is two seconds. of SH.M.
K2
Y Q3 @B
second
pendulum -
=1,a=10="_
a=L4a 3
az\/af +a+2aa,cosb = a=+3
o 2mR?
s mgR R=.5m EXERCISE-IV
0: © Q1  [025m]
y = A(l+cos20t) Y = 2Asin(mt + %) Q2  [0248m]
y=A+Aco2wt V . = 2Aw® Q3 [0.2kg]
V., = Ax20Raio=1:1
Q4  [0134]
Q3L W s Q5  [0020]
X=2snot F=mgsind~mgtan
y=2sn (a)t + Ej
4 dy
tan6 = d_X =40x
from Lissgjousfiguresif ¢ = g then the path of particle —Me? =—mgx 40X ¢ Md
isanelipse. ®= +/400 =20rad/s
Q32 06 [875

1. \/é e
y=10 (Esn3nt+70083ntJ =10sin (3t + §)

thusamplitudeis 10 m or 1000 cm

Q33 (2
x=Asinot, y=Acosot or x2+y?=A? 20 1 15
PO {=—/m=375m=375
Thus the motion of the particleison acircle. 0 4 = 4 m m cm
Q34
. Q.7  [0080]
y =4 cog (Ej sin (10001t) 2mg=kx,
2mg
X ="
t) [gnf200Lt), (1999t ok
y = 2c0s 2 2 2 mg = kx, — mean
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Oscillations

=— = —— = PREVIOUS YEAR’S
°" k 200 10
highest point = 2x  aboveinitial position. MHT CET
Q1 (@
m_ |2 Q2 @
timetaken= ﬂ\/7 200 10 Q3 )
Q4 €]
2 Q5 (@
=—ot?2=— x10x — = .6 4
S= > gt 2 0x 100 =50cm 8-7 54;
= distance=10+50+20=80cm Q.8 €)
Q9 (@
Q8  [0007] Q10 (9
Qu @
| 5 10 Q12 (2
T= 21 E = £7 107'[2 =2 Sec. Q.13 (3)
Q14 (2
Q15 (1)
Q9  [0003] Q16 (@
Q17 ()
[k 60cm Q18 (I
) " \'m " 120cm/s” Qle
Q20 @
\/E \/ﬁ Q21 (2
. |=2 2C = 2 @3
"og2 T\ g tiTorHAntl 8.23 8
Q24 (3
22

_ : P _ Q25 (3
=Tn+1=7x 7 +1=23seC. Q26 (l)
Q.10  [0001] 8;; Ejg
Initially, only m, oscillates Q:29 )
Q30 (@
Q31
M, easToTTH M Q32
7l - 0
=>t=—=T/|— = _ = Q35 l
2 k 5J2 Q36 (4
next both m, and m,, oscill ate about their CM. Q37 (9
Q38 (@
m,m, - Q39 (@
o _ - 40 @2
' "V (m+my)k T 1042 8.41 8
Q42 (1)
k Q43 (I
m,= 50 =3kg Q44 (O
Q45
m, x3 1 Q.46 Ez;
1Y __T Q47 (1
(3+m,) *= 500 o048
o

Puysics 29




Oscillations

Q.51
Q.52
Q.53
Q.54

Q.55

Q.56

@

@

@

@

Given, mass, m=0.25kg

Force constant, k =400 N/m

Amplitude of oscilations,A=4cm=0.04m

Angular frequenc —\/E— ﬂ
guiarirequency, ©=\m ~\o.25

= /1600 =40rad/s
Velocity at equilibrium position = ®A Q.57
=40x0.04=1.6m/s '
@

Given,|=05m,u=3ms-1

The situation is a shown below

Applying energy conservation at points A and B
L= Lms mgh

2 2

= W2 =Vv2+2gh

vZ=u2- 2gh = u?- 2g(l-lcos60°)
[since, h=MA =OA - OM =1 - OBc0os60° =|-lcos60°]

Q.58

=(3° —2(9.8)(0.5—0.5%]

vx 4
Sov=2ms?

@
When bob reaches at point B from point A as shown
below, then vertical heigth travelled by the bob,

h=L-LcosO = h=L (1-cos6) Q.59

Velocity of bob at point Bisv and at A isu, whichis
zero at extremepoint, i.e. u =0 then from equation,

vZ=u?+2gh
vZ=2gh=2gL(1—cos0) =2gL (2sin?6/2)

{ 1-cos6 = 2sin? g}

Thus, maximum emf induced,
e, =BvL=Bx 2./gL (sin6/2)L

=2BL(sin0/2)(gL)Y?
@
Whent—l thenx =A sin t—AsinEt
12 —ASTen= T

Asin@xl:AsinE:A
T 12 6 2

KE = X mv? =1mm2(A2—x2)
2 2

2
=£moo2 A2—A— =§(£moozA2
4 4\ 2

1 11
PE = Zmox® = =| Zmo°A?
and 2" 4(2 . j
KE_3
PE 1
@
Given,f :f,=3:2
1 /g
A know, f= —.,/=
sweknow, o\ 7
foci
= Ji
2 2
h_ 4 [ :(Ej _4
f, \6 0, \f 3) 9
(€)

In the arrangement shown in Fig. (i), the two springs
arein series combination. The effective spring constant
K, of thisarrangement,
1 1 1 1 2+1 3 2k
=t — g —=——=—k, =—

k. k 2k 7 k, 2k 2k 3

In the arrangement shown in Fig. (ii), the two springs
arein parallel. The effective spring constant K, of this
arrangement,
k =k, +k,=k+2k=3k

30
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Oscillations

Q6 ()

2k
Tk, k9
JEE MAIN
Q60 (3 Q1 @
t).
Given, y:4cosz(—jsm 1000t
Ven 2 ( ) 2K 9K
t .
=2x2cos? (Ej sin(1000t)
= 2(1+ cost)sin(1000t) (- 2cos0 = 1+ cosh) m, = 50g m, = 100g
=25in (10001) + 2 cost.n(10001t) Given:V. =V
=2sin(1000t) +sin (1000t +t) + sin (1000t —t) oA :m;“ax 2mex
=2sin(10001) + sin(1001t) +sin(999) t 1 2
So,n=3 k k
. . 1 2
(-~ above equation shows three independent FAl = =A
oscillations passed with each other). 1 2
NEET/AIPMT A ke M \/% 0 _3
Q1 @ A, \m, k, V2K 100 2
o= 0’y A A,=3:2
2
= 20=07(5) Q2 0
S w=2rad/s Q3 )
T2 _2n_ X = Asinot(t=3,X = =)
o 2 2
A
y=A,+Asnot+B cosot
Hence ZRSHM’sare super imposed with phase differ- — sin3m= 1
ence of 5 2
Amplitude= /A% + B2
p JA?+B? + 2ABCcosA jgn&D:%
Ap=Z =A%+ B?
’ SR
03 @ 18 T
As displacement in are complete vibration is zero. =T=36s
Therefore average velocity iszero.
X Y Q4 @
Q4 & ly .
T= E =4, o= T A : —_—A
Y co-ordinate startsfrom maximum —
Soy =A cos (wt) '
. KAX=m(/,+ AX)w?
y= 3COS(Etj KAX=m/{ o*+ Mw?AX
2
Q5 @ Ax = Mle”
k - mo?
Puysics 31



Oscillations

Q5

Q.6

Q7

QS8

@

(143
X=9nm| t+—
3

. b

X =sin| wt+—
(=45

V= % = cos(nﬁﬁjn
dt 3

X = EX% =157 cm/s

@
t:A_¢:—n/2_n/6 :7'5_/3:1%0
® 21/ 6 /3
(5]
60°
¢ =250cm
i (1_0@)‘[ -------------------- initia
---------- O ---Ref
Final
M =200gm
Apply conservation of Energy
U+k=U+K
1.2
mg/ (1—cosB) =0+ EMV
2g/(1—cosp) =v2
2x10x% 2.5(1—cos60) = v2
v=5m/s
[700]
VZ=w? (A2-X?) A =10cmGiven

V2=®2[A2 —(%) J....(i)x=50m= %

. (AY
(3V)2=032[A [2” ..... (ii)

Equation (ii) divided by (i)

_AAT-A?

9=
477 - A®

A= /xcm

Q.9

Q.10

9(3A2) =4A™- A2
28A%=4A"

A= 7A
A'=107

A'=+/700cm

On comparison of A" with \/x

)

Time period of simple pendulum medium
Y =Asin(rx +0)

Comparingwith

Y =Asin(ot+0)

S o=nrads

Timeperiod of pendulum

= 2 seconds

32
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Qu @

Ki+Ui=K,+U,

2(%mv2j+0: 0+%(2)(Xmax )2

2

Oscillations

T2 _ 4n?| W X2, =mv? =0.25v% =
g
R Y X max =%
9= g( R+ 2R]
g Q15 @
9'== (2
o T,=2n :Z_r:
4wl )
g/9 e
3m
2 =3=2n,—
2 ng -1 ™2k
Ix4n And for 2™ System,
K =2k+k=3k
1=%m *
m
Q12 [0 T=2m 3
R=1A?+AZ+2A%cosA} Hence,
R =+/3A = /A% + A? + 2A% cosAQ L_3_J33
A=A =A T, T, V21
3A = |[2A% + 2A% cosAG =T,=2
=>Xx=2
= (cosb =2c0s20-1)
A Q.16 [16]
J3A = [2A? (20032 74’)
Vi(max
J3A =2A cos%d) ‘_1( : )
0.9k
cos2? ﬁ ke
2 2 T
Mean position
A0
2 '
A¢=60° : ;0124 kg
V2(max)«— :
Q13 @ o9 kg
V=oVA®-x? ;
V2= 02A2 — 022 Mean position
V2 + 2 X2 = m2A2
vvioooxe myv, =m,v,
_+2_—1- Elliptical
(0A) A 0.9v, =(0.9+0.124)v,
14 2 0.9
Q @ 0.9V, =(LO24)V, =|v, === V| (1)
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Oscillations

Q.17

Q.18

Now

v,=A 0,and
V2:A2('02

From(2)

0.9

— (Ao
1.024( 1)

k
\/1024 1024 1\/@
A,=A, /—0'9 .A1§
1.024" 132

A _32_ o

A, 30 o-1

20=32
a=16

Ao, =

= 320.—32=30a

©)
T1 =4s T2 =6s

I
T= 27[\/:
g

GM
%= (R+h)?

9% __FR
g, (R+h)?
From equation (1)

T, R?

T, \(R+h)?

4 R
~ 6 R+h
4R+4h=6R
4h=2R
h=R/2

6400
=3200km

(2

m=4kg

u=4(l-cosAx) givensn6x0
du )

S0, F=— ——=-4[0+(sin4x) x 4]
dx

=—16sin4x

34

Q.19

F=-64x — equation of SHM

F 64
a= ———Zx——16x——o)2x

m
= .J16=4
2n

E
4

®
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Waves

Waves

EXERCISE-I (MHT CET LEVEL)

Q1L (@
X
y= xOCOSZn(nt—xj

y=X, cos%(vt =X) [-v=ni]

Resultant amplitude, A, = /af +a;

=a+2a
=33,
2

| A
Intensity, l—R“;R=3 =1, =3,=3
1

Q8 @
dy o _ Equation of awave
—= | =Xyx=—v=2v(given)
dat ) A y, =asin(ot—kx)......(i)
L et equations of another wave may be,
= =X _
y, =asin(ot+kx).......(ii)
Qz .
03 (O y; =—asin(ot+kx).......(iii)
Q4 (D If Eq. (i) propagatewith Eq. (i), we get
Q5 D y =2acoskx sin ot
y,=10sin(3nt-0.03x) If Eq. (i), propagate with Eq. (iii), we get
y,=5[sin(3nt-0.03x) +/3 cos|3nt —0.03x]| y = —2acoskx sin ot
Atx =0,y =0, wave produce node
~5x 2Fsin(3nt ~0.00¢)+ Y3 cos(3nt -0.03x) 0. Eq. (i) Istheequation of unknown
2 2 wave
=10[cos= (3nt — 0.03x) +sin— cos(3nt — 0.03x) Q9 (@
3 3 Q10 (1
Qu @
. T Q12 (I
=10sn| 3nt —0.03x +§ Q13 (1)
A, 10 y =10sin ™ cosnt
> —=—= 4
A, 10
At nodes, > =0
06 (3 noaes, =1y
Resultant amplitudeisgiven
X
2 .2 =—=0,%,2n
by 8, =/a? +22 + 28,3, cos 4
=>Xx=0,x=4,x=8
0= g =90° .. Option liscorrect
=a, =& +a Qu @
Let amplitudes of wavesbe a and a, /I/'\
a_ L :i:i The two particles are on two sides of a node, their
a, \lI, 21 2 directions are opposite to each other. Thus phase
difference between themis or 180°.
=a,=V23
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Waves

Q15 (1) = Ay =xo(v_vs) :60(320_20j
In Melde' sexperiment v 320
) =56.25cm
Tp” =condant - 56Cm
F_L_4
P T, T Q29 (2
Vv Y
P (8) 64 V=7~ n=n
jpgzjl:%zj s 10 V-V,
PF=16 n_ v 10
=P,=4 no(y_Vvy)] ®
10
Q16 (2
Q17 @ 030 @
Q18 (3
¢ VYo
Q1 @ r= (v—vsj
Q20 @ Here, f =600 Hzv°=15m/s
Q21 (& v, =20m/s, v =340m/s
Q22 (A o 600{340+15}
Q23 (@ 340-20
Q24 (1
Q25 (I = 600£§j ~ 666Hz
v o 320
For open pipe, N = m , Wheren,isthe fundamental
frequency of open pipe. Q31 @
Q32 (@
_v_330 _1 Q3 @
2n 2x300 20
As freq. of 1st overtone of open pipe = freq. of 1st EXERCISE-Il (NEET LEVEL)
overtone of closed pipe
2V 3v Q1 B
= . Qz (@
2/ 4/ r=50m
. 3¢ 3 11 n=2
=/ :Zzzxz—oz4125cm v=ni=10cm/s
Q3
Q26 (1) 2n
Q2 @ Ap=
Q28 (1
A, =60cm=0.6m A(I,:E
2
Y _
fa"pzf(v—v ] AX=1m
) T 2n
2220
A 275
a B Ao V=V A=4m

V=n\=120x4=480m/s
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Q4

@
y(x, 1) = e—(ax2+bt2+2\/£xt) _ e—(\/&+\/ﬁ)2

Itisafunction of typey = f(wt + kx)
- Y (%, 1) representswave travelling along —x direction.

m\/B_b

Speedofwavezg=$— .

Waves

v
Tk
80

V= ?=30mls

andin—X direction

Q12 (@
Velocity of particle
Q5 (3) Vv=Aw
The given equation representing a wave travelling =2nnA
along -y direction (because‘ +' signisgiven between =27 x300%0.1
ttermand x term). On comparingitwithx =A sin (ot + =60 cms
ky)
2n 2x3.14 Q13
Weget k=—"—=1256 = A= =05m
J » 1256 | oc &
a (I, |1 1
Q6 @ a 1, V1674
a, \l 6
y = f(x? — vt?) doesn’t follows the standard wave
equation
Q14 (3
Q.7 1) Resultant amplitude may be
Comparingwithy = (x, t) = asin (ot—kx) Rnax=A+B
Rnn=A-B
2n
k=—=0.0lr = A =200m
A Q15 (3
Fundamental frequency is given by
Q8 (¥
Comparing with standard wave equation 1T 1 1
V=oo4 T = Vas = pa—
_ 2n 2t\ t v
y=asin—(vt-x),
A Since, Pdividedintol , |, and |, segments
weget, v=200m/s Here | =1 +1+1,
Q9 (0 Q16 (2
® Aswe know, frequency
vV=—
k f o \fmg or f oc \/g
0.1 Inwater,f =0.8f
V=—-—=2m/s '
120 9 (082 =064
g
Q10 @
Vo A0 =1-P% _oe4
Vmax: 3VWE[\/e pm
Awn=3nL
Pm
=2
3
Qu @
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Waves

Q.17

Q.18

g’ 2
Inliquid, r =(0.6)°=0.36

1-P1L _036PL _064

Pm Pm
Fromeg. (1) and (2)
£ 084 a7
pp 0.36

©)

For astring vibrating in its n™
overtone (n+ 1)

N+ 1mx

Forx = é]ZAZ a&n=3:

y= asin(ﬂfj cosmt
y= (3

as n4—; cosmt = —a{?) cosmt

i.eatx :5 , theamplitudeis

@

"""""""""

v
...........................

Q.19
Q.20

Q.21

Q.22

Q.23

Q.24

Q.25

Q.26

Q.27

Q.28

Q.29

Q.30

From above equationss, weget M = 25 kg.

@
@

@

)
nocﬁ

@
nocﬁ
=nn,inin=1:/4:9:416=1:2:3:4

©)
nl, =n,|,=800x50=1000x%1,=1,=40cm

@
When medium changes, velocity and wavelength
changes but frequency remains constant.

@
n:@:GOHZ jx:X:@:mm
60 n 60

@
In transverse waves medium particles vibrate
perpendicular to the direction of propagation of wave

©)

1
Iocazoc¥:>a06—

d

@
Velocity of sound is independent of frequency.
Thereforeit issame (v) for frequency n and 4n.

@

The quality of sound depends upon the number of
harmonics present. Due to different number of
harmonics present in two sounds, the shape of the
resultant wave is also different

38
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Waves

Q31 @ Q37 (@
ImrézAle—Z%:—ZXZ:—@/o %, =50cm
i i i 0,
Hence intensity is decreased by 4%. Vocx/_:>—: T, |213+20
'I'1 273
Q32 @
A =+A,+A, = AV2, frequency will remain same =V, =319.23
iew 19.2
=y =32 —30103 ~ 640Hz.
Q33 1 '
2
(a1 _a_1 v =Y - 392 _ o5 94— 626Hz
E1o1n-2
L, |a, 16 a, 4 A, 51x10
No. of beats =v, —v, =14Hz
Q.34 (4)_ _ o
Thisisacase of destructive interference 03 @
Q3 @
Let the frequency of the first fork be f, and that of
second be f.,. \/
f =V f,=—"
We than have, 1T, = Ax 24 and 1> = Ax 25 Using Ny =Ngg +(N -1)x
where N=Number of tuning forksin series
We also see that f >, X = beat frequency between two successive forks
= 2n=n+(10-1)x4
=f-1,=6..0)
= n=36Hz
L _ ﬁ B Q39 @B
And f, - 25...(||) Q40 (2
Q41 @
L .. Q42
Solving (i) and (ii), weget Intensity oc (amplitude)?
F =150Hz andf,=144Hz as A, =20, (a=amplitude of one source) so
oo = 4l
Q36
Thefrequency of tuning fork, f =392 Hz Q43 (2). ) .
With temperature rise frequency of tuning fork
1 e ) decreases. Because, the elastic propertiesare modified
Also 392 = 2% 50 Flu e ® when temperature is changed
. aso, n=n (1-0.00011t)
After decresing the length by 2%, we have Where ntt= frequency at t°C, n_ = frequency at 0°C
. 1
f =m\/F/u ..... (ii) Q44 (4
Particleshavekinetic energy maximum at mean position
From above equations,
f'=400Hz.
*. Beatsfrequency =8 Hz.
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Waves

Q.45

Q.46

Q.47

Q.48

Q.49

Q.50

Q.51

Q.52

Q.53

Q.54

Q) Q.55
v/in

Required distance = - = /M- 120 _4
equITed dIstance = =4 " 4x300

® Q.56

1
For closed pipein genera n =%(2N -1)=n <7

i.e. if length of air column decreases frequency

increases.
Q.57

@

Fundamental
v 350

Q.58

frequency of open pipe

=350 Hz.

LT T 2x05

@
Minimum audiblefrequency =20 Hz.

= l:20:>I: 336
4 4% 20

=4.2m

@
For closed pipe

A% A%

n=—=250= = v=200m/s
4 4x0.2

&)
For closedorganpipe n :n,:n;......... =1:3:5: .

@
L et the base frequency be n for closed pipe then notes
are n, 3n, 5n.......
note3n=255=n=285, note5n=85x5=425
note 7n=7x 85=595

@
n'=n| — =450[ 340
V=V, 340-34

@

Since there is no relative motion between observer
and source, therefore there is no apparent change in
frequency

j=500 cycles/ sec

Q.59

©)

n'=n| — =1200><[ 350 ):1400qos
V—Vg 350-50

)

Since there is no relative motion between the listener
and source, hence actual frequency will be heard by
listener.

@
c+u

=
f

)
@

Let v = speed of sound and vs = speed of tuning forks.
Apparent frequency of fork moving towards the

v
is Ny = n
ver i
observer is ' [V—Vsj

Apparent frequency of the fork moving away from the

\
ic Ny = n
observer is N2 (V+VS]

If isthe number of beats heard per second. thenf =n,
-_ n2

Y, v
=f= n— n
{v—vsj {v+v5j

Lt v(v+\i/52) :Xizv—vs) )

_ Vs | — i
> 2_f:>2(7Jn_f{|fvs<<v}

Puttingv =340m/s.f =3,n=3, 340 Hzwe get,

v =2A0X3 1 5y
3% 340

@

Here, original frequency of sound, f ;= 100 Hz Speed of
sourceV =19.4cos60°=9.7
Form Doppler’sformula

40
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194

60°
= 19.4c0s60°=9.7

.I:l: fo(v_voj
V-V,

ft= oo{—v v j
V - (+9.7)
_v_
v(1-37]
Vv

f'=100] 1+ 57 =10Hz
330

>0

f'=100

Apparent frequencuy f1 =103 Hz

Q60 (3
Q61 (3
Q62 (4
Q63 (4

EXERCISE-I11 (JEE MAIN LEVEL)

Q1L (I
5\
As7 =20=>X1=8cm

2 _ 314

K=

% 4

2n
o =KV 8x10° x 350=27475

y=005sin | 5 x-27475t
Q2 (@
pr =Ao=Y, 2nf= AV
onf
Y,2nf=4 2%

Q3

Q.4

Q5

Q6

Q7

Waves

@

o =2rf=4n sec?
2n
A
= y=0.5cos(2nx + 4nt)

K= =2rm?

)

v=Af
10=2100
x=im
10
Aq):ﬁxleE:E
1 100 2

3
Sl'r)1elength 0.25 mcorrespondsto 2.5 1
0.25=0.25)
A=01m
_2n
To01
V=\f
330=0.1f
f=3300
®»=21x3300
=Asin(ot-kx)

=
=
y=
. 21
:0.25sm(3300x Znt——xj
0.1
:0.255in27t(3300t—10x)

@
Path differenceis\ between B and G

@

649 %
Vas = 10x107 80

3.29
Voo™ \gx10° ~ V400 20*/7_

16
o = 10x 10’

1600 =40m/s

PHYSsICS
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Q8

Q9

Q.10

Q.11

Q.12

@
. A
Distance between boat = > =10m

= A=20m
timepenod, T =4 sec.
V=A/T=20m/4sec.
=5bm/s.

\Y \%
- — R = —
R—V , B v,

A
A

asV,>V, R, <R,

Dotted shape shows pulse position after a short time
interval. Direction of the velocities are decided
according to direction of displacementsof the particles.
atx=1.5slopeis+ve
atx=25sdopeis-ve

@

y=1—osin(200nt—n—xJ
T 17

comparing with

y=Asin(ot-kx)

2n

u)=2000n=? = T=10%sec

Maximumvelocity =Aw

E x 20007 x 1072

T

=200m/s
©)

100= = T=100N

107

T=mgsin30°=100

Q.13

Q.14

Q.15

Q.16

Q.17

Q.18

Q.19

Q.20

Q.21

m=20kg
©)
As<P>=2r2f2A%pv put values
100
= 2 2
90=2x10%xf2x25x10%%x 4 x 10- 2x107
= f=30Hz
()
42
PaA? =—; = P=1.6watt

040 22

@

Az =y, +Y,) for é=0
SALE2y, = ] oA ady Zoc 4l
where | = Intensity of either wave

4

Resultant wave amplitude — depends on phase
difference

Ifpd=2nm = A _ =2A

pd=2n+Ln =A__=0

@
The waves will pass through each other without any
change in their shape.

©)

Second string is denser so speed will decreases.

©

V,<V,
= N<A

@
Asx=0isnode = standingwaveshouldbe y=2a
sinkx sin wt

Now solve

(€)
T 350 and — =420

20 \n ™ 2 B
n__3%0 5 ¢ x—ﬂ
n+1 420 =" 2 T
Vo2 vt
f~ 5 Ty 57 T

42
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Q.22

Q.23

Q.24

Q.25

Q.26

PHYSsICS 43

v L
f=— =0=— :—2 =40cm
Q.27

Q.28

@

y=10sin2r (100t—0.02x) + 10sin 2z (100t + 0.02x)
=2x10sn200nt cos2r (0.02)x

200t=w

2
21X 0,002= Tn Q.29

by
loop length = >
@

1

2
x

>

=2cm = x1:4cm

=16cm = A,=3.2cm Q.30

Z2
2

n ' 1 n

R A VR N T
(n+1)
20

_(n+) o v 1
f2— 20 V™ A, A,

- == Q.31

Q.32

V_=A —5><1(r3><@><2
max o= 15 T

Waves

22
:7O><2><7><1(r3 = .44m/sec.
@
f17\'121:27\'2
(300) (1) =(F,) (1.5)
200Hz=f,
©)
0Q=8x330
=2640m
- PQ=0Qsin60°

Q

60°
o F
PQ=2640x ? =2286m
(D

_ |YRT

YTA™

y for monoatomic = 1.67

y for triatomic=1.3
_ /LX& - 1.67x1.8><10:z 1067

M, 7, 1.3x2.02x10

@

RT
The speed of sound in airis v = \/%

Y
™M of H, is greatest in the given gases, hence speed

of soundin H, shall be maximum.

@

@

|
(90-40)=10log |
2




Waves

Q.33

Q.34

Q.35

Q.36

Q.37

Q.38

Q.39

Q.40

2

Il
5=log 1. =
2

4

A
Ax=12= 5,k=24cm

v 330
f=—

. = W =1375Hz

)

-+ frequency issame

.. energy remains conserved

= Redistribution isstable with time.

@

|,=11,=41
I,=1,+1,=5|
1,=9l
Al=(1,—1)=4l

)
For displacement— Phase changer at closeend
For pressure — No phase change at close end

©)
Now the tube becomes a closed pipe with length ¢/2

Vsoun V
Fundamental frequency of B = 4( / /dz) =

sound

20

which isfundamental frequency of A.

@
at the middle of the pipe

@
@

Q.41

Q.42

Q.43

Q.44

Q.45

from (1) and(2) e=2cm

@

Beats

Frequency of tuning fork is 512 Hz. Frequency of
sonometer wireeither 512+ 6 or 512—6

As tension increases frequency of sonometer wire

increases no T

No. of beat reduces. So that frequency of sonometer
wireis=512—-6=506 Hz

@

[262—f|=]256—f|x 2

= (262—f)=x(256-f)x2

= f=250,258Hz

Unknown Freguency can not be greater than 262 Hz.
because no. of beats heard with 262 Hz is more then
the no. of beats heard with 256 Hz.

@
v v
=2/ 2™ gy

\Y

no. of beat heard n—-n,=74, =4

if length of pipes are doubled. no of beats heard n; —

.,V 4
nz—sg—z—z

@

v

A

water poured into pipe then
A sof T

then Input water = output water
Hence f constant.

f=

S
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Q.46

Q.47

Q.48

Q.49

Q.50

Q1

PHYSsICS 45

1750= 30 A= 1. 20
= = =5 =20cm
) )
should be raised by 5= 10cm. Q.2

@

Q3

_ 6x1.02
V=002

=306~ 300 m/s.

@
Doppler effect in Frequency appears when there is
relative motion between source and observer

@
Doppler effect in Freguency depends upon relative
velocity between source and observer

©)
f':£v+gtjf Q4

\%

gt gx1000
P=f+ - t= £=1000+ ~—— .t

t=30s.
f'=2000Hz = v=300m/s.

EXERCISE-IV Q5
[0080]

At P E—

"
<|r
I
o
'_\

v=40m/s=

=7

0.2
= T x 16000=80N

[0006]
nf,=720f,=120,n=6
(n+1)f, =840

(1]

_10°%kg _10°
acen M2 (metre) |

kg/m

T ~mg =(1) (10)=10N

T 10
“vEaln S\ 1031 = V1041 =107

i
1/4m 1/4m

@

| metre
m=1gm 1/4m
1kg
1%
12 SA=1Im
V=Vl 1024/ =100%
So=1m
(0007]
_3015
_ m"—g
55
340+V .= 5 x2=342
Vi =2m/s,V_=5m/s
V,g=7m/s
(0004]

When student stands at middle

=
—=bm;A=10n1"
bia 5m

wavevelocity v=viA=20m/s
when student stands at 1.25m

Waves




Waves

Q.6

Q7

QS8

Q9

M4=1.25m;A=5m

[0005]

27'c><5_
> =5r

2n
Ap=kax= —~ [10-5] =

[0004]

8+ X 2—1

= L=4x
frequency same = A = same

20 _&
—X= 4

70+3 oM
+3x=—
Xy

70—-3x=100-5x
2x=30;x=15
L =4x=60cm

[0330]

Q.10

:n=1; f=330Hz

SAN = PNode= Ap=n
A

A== AX= E

PREVIOUS YEAR’S

MHT CET

Q.1
Q.2
Q3
Q4
Q5
Q6
Q7
Q8
Q.9
Q.10
Q.11
Q.12
Q.13
Q.14
Q.15
Q.16
Q.17
Q.18
Q.19
Q.20
Q.21
Q.22
Q.23

@
@
Q)
@
©)
)
©)
@
2
)
)
@
@
2
©)
)
@
)
@
2
2
(D
@
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Q.24

©)

Waves

V=
Q25 (1) (mj
Q26 (3 As L
Q27
Q28 (3
Q29 (@ m
g(h
030 @ V= fn):\/g_h
Q31 (@ L (L)
Q32 (2
Q33 @ =v2=gh
Q34 (2 Which represents a parabola symmetric along h-axis.
Q3 : .
Given, v =360ms! Thus, option (1) is represents the correct graph.
v=500Hz
i Q38 (@
Ap=60°= 3 The displacement of wave,
Since, velocity of awave, v=v A. T
y= 1045in(600t —2x+—]m
v 360 3
=—=——=0.72m ) _ _
v 500 Comparing with standard equation
n y =asin(ot—kx + ¢) we get
As, phase difference, A¢ = 60°=§ ©=600,k=2
Since, velocity of awave, v=vi. Asweknow k= X2 _© [+v=w]
' A AV oV
= m.
o = v=2=9 3p0ms?
As, phasedifference, Ap = N xpath difference (Ax) k 2
L Ax= leAq) Q3 @
" T, =T,+69% of T, =1.69T,
072 =«
23 = 2=169="—
T, 100
Q.36 (2,) The fundamental frequency of a stretched string,
Given2 =100mm=0.10m
A,=0.25m fot T
A.=80cms'=0.80 ms* 2n \ /¢
Since, frequency of waveremains samein thetwo me-
Vp VQ Vv 1 1
—_— — °. V=—
e ()
" =% 100
.o 041 i =
Vo= _vap _ 0.25 <0.80 = 2ms ™ - %increasein frequency ]
A, 0.10
f, 13
=|-%-1|x100=| —-1|x100
Q37 (O (fl j (10 ]
Let m bethetotal massof therope of length|. Tension — 300
in the rope at a height h from lower end = weight of P .
So, frequency increases by 30%.
rope length h,
o T=T9 Q40 (3
le, T=-"N Given,f=512Hz
Gy =2and Ta_ 2
dB TB
PHyYsics 47
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Since, bothwiresareof samematerial, sotheredensities Q.55 (1)
areequal. But their areaare different, sotheirmassper Q.56  (2)

unit length will be different. Q57 (2
= Pa =Ps Q58 (2
Q59 @
Ha _Ms Q.60 (4
An As Q61 ()
2 Q62 (2
. H_A:A_A:(d_A] _4 Q63 @
g Ag \dg Q64 (4
Since, velocity of wavein awireisgiven by Q65 (D
Q66 (1)
v= [T Q67
u Q68 (@
Q69 (@
Vo, [T, ng \/ 1 1
=>-A = [AxPE = [2x==—" . Q7 @
Ve \/TB My 477 L2 Q71
Q72 &
Q41 (I Q73 (2
The frequency of vibration Q74 (3
Q75 (@
1T .
n= E\/% ...... 0) Q76 (3
Q77 (8
, .3 Q.78 (1)
G|Ven, n=n+ E Q79 (3)
Aswe know the, frequency of sound wave produced
adT =T+1%0of T=T+ T = 1o1r in a stretched wire is directly proportional to square
100 100 root of tension in the wire
po L [T, 3 1 foom e foc VT
“2¢\'m 2 2/\ 100 Let T betheinitial tension
3 1T Therefore, for air column, f_ o /T (i)
= neo=1008x— L (i) According to question, first overtone
FromEgs. (i) and (ii), we get e, 3f ocT+8 L (i)
n+g:1.005+n FromEq. (i) and Eq. (ii), we get
fo T
=n=300Hz 3 = JT+8
C
042 () :>T4_-8:9T
= T=1IN
Q43
044 @ Q80 _ o
Q45 (@) The Doppler’s effect in sound is given by
Q46 (3 f- V+V,
Q47 (1) Povay C
Q48 (3 where, f_ = observer frequency of sound,
Q49 (D v= speed of sound waves,
Q50 @ v, = observer velocity,
Q51 @3 v, = source velocity
Q52 (2 and f_= actua frequency of sound wave.
Q53 (@ Thus, according to question
Q5 (1

48 Mut Cer COMPENDIUM
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2n-1 n L 2n-1
on=[ Y01, Also, fc=fo:>( )Z—j—CZ( )
V4V a4/, 20, L, 2n
=2(V+v) =V [2(3)-1]
=2V + 2v =V = T3) (- for second overtone, n = 3)
v =V
Y _>
V.= E 5
where -ve sign shows that source is approaching to
the listener. Q84 (9
Given, speed of sound, v =350 m/s
Q8L (3 Since, pitch of sound produced by whistle depends on
As we know the, frequency of sound wave produced frequency (f).
in a stretched wire is directly proportional to square . (oo 4f f' 4
root of tension in the wire Hence, f'=f —20% of s = 775
ie, focT ¢ v
Let T betheinitial tension Also, i V.rv,
Therefore, for air column, f_ oc T i) where, v_= speed of engine
According to question, first overtone 4 350 ey - 5 a5
ie, . ocyT+8 L (i) = 5_350+Ve e 4
From Eq. (i) and Eq. (ii), we get
DS 1250 21)- 2 ans s
fo _ AT = e 4 4 '
3. JT+8
= T+8=9T Q8 (D
—~ T=1N Frequency observed by observer is given by
f :mxfo :ngoo
08 @ V-V, +V, 340-5+10
. i)
Initially, fundamental frequency, f=274Hz
e 1T ] NEET/AIPMT
- A\ (M) Q.1 )
Finally, fundamental frequency becomes, Q2 @
v=2 L-L
oo L [TH8 i —2x(3vz)o[ 7 ;]o x10°2
n=3n= 5" T (i) —339m/ [73-20]
Dividing Eq. (ii) by Eq. (i), we get SIS
1 [T+8 Q3 @

o Al n(T),=(n+1) T,

a2t 3—\/733 121 1
: EN L T (n) 2r == =(n+1)27'c\/:
g g

2L\ p
— 9T=T+8orT=1N (n)(1.L)=n+1
n=10
No. of oscillation of smaller one
Q83 (O — 4l
(2n—1)v fov =10+1
Here,fc— 4€C and 0 2€0 :11
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JEE MAIN Q5

Q.1

Q.2

Q3

Q4

@
y?=3sn[2nx—2nvt + 3n]
asAd=3rn

[5cm]

2nt

y=10cos(nx) sin (?j cm

2nt
y =2A cos(kx) sin (?j

Amplitude = ‘IOCosﬁn ng‘ =10 cos(n +gj Q6

= ‘-10005(2]
3

2

=5cm

@
X
y=10sin2xn (nt—xj cm

Given; Q.7
Maximum particlevelacity = 4 x velocity of wave
V (max) =Ao=10(27n)
_® 2nn_ 2mnh _
waeT K 2m 2m
A

10(2mn) =4 ()

207
— =k

ni

@

V . =V,

max wave

:Ang
k

Q8

3]

URECH LI (1)

= [— =300 (2

300 - 3 i 2700
2x30x10° v

n=3

)

21 21
= inl — 400t ——x
y 0'55"1(% % j

0="2"400
A

[15]
v,- [T
il
= T —x0.5
10x10
(60)° x10°2
0
_F 72x0.5
AY 2x10°x1.2x10"
_ 125 105 —15x10°
4
[80]
2v
n = 2 (first overtone of open organ pipe)
1

\
N2 =7 (fundamental frequency of closed organ pipe)
2

50
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_ 40 « 4.08x4.16

n=n, VS —X—
12 (4.16-4.08)
v v
oL AL v=707nV/s
1 2
|,=4l,=80cm Q.12 [50
Assumption: Ignore word “fundamental mode” in
Q.9 [152] guestion
L= V 340
f,=f+4 A=—=——=1
f,=f+2x4 f 340
f4 =f+3x4 A
f,=f+19x4 First resonating length = 2 = 25cm
f+(19%x4)=2xf
f=76Hz. . _3%_75
Frequency of last tuning forks = 2f Second resonating length = i cm
=152Hz
. . _Sh_
010 @ Third resonating length = i 125cm
VAV Height of water required=125-75=50cm
[,
v Q13 [104
First resonance will occurswhen
vaV
fo| —2 |, -
v ‘
+€
fO = §f5
5 A
fl+ e=—
f,-f 4
% chage = -—=x100
f, Lv=fa
= 1100 = 20% =V _386
5 f 400
=0.84m
Qu @ =84m
40 84
= l+e=—
Beat frequency = P 1 2
A =4.08mi =4.16m 20+e=21cm = e=1cm
' ? eisend correction
f,=f-f, = 40 Third resonancewill occur
12 5
l_l_@ When€2+e=7
M oA 12 Where ¢, islength of water column
= (,+e=5x21
V[i_ijzﬂ =1, +e=105
408 4.16) 12 =(,=104
=104

v 4.16-4.08) 40
4.08x4.16) 12
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Q.14

Q.15

(20

Hill
Source
18 km/hr
fo= 640 Hz —p
) %
Vo= 18KMVNY
=5m/s

Frequency received by observer direct

V-V, _(320-5
flz[ " jfojfl_(—szo jfo

£ =35 610 f,=630Hz
1”320

Frequency received by hill as same

frequency of sourec =f;

frequency received by observer after reflection from
hill

(o V+Y, f0:>f2:(320+5j640
2 % 320
f,=650Hz

Beats heard by observer =f - f,

= 650-630
=20Hz

\
f=f, (rvj U = speed of second

\%
100=f, (r\/s] ...(1) V= speed of car (source)

\%
50=f, (rvj -

(1+(2)
o U+U,
V+V,

V-2V =V+V,
V=3V,

fo=

200 _x
3 3

[340]

Thehill will be asecondary source.

CAR }—10m/s

f, =frequency of the car w.r.t. thehill

v 330
- — [ 22 1x320 =
fl_[v_vsjf_(&o)x =330Hz

f, = Frequency of the sound reflected by hill w.r.t. the

V+V,
car (echo) f, = v f,

_ (330+10)

330=
330 X 340Hz

52
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