Gravitation

ELEMENTARY

Q.1

Q.2

Q.3

Q.4
Q5

Q.6

Q.7

Q.8

(4)

1 F
Foc X If r becomes double then F reduces to 2

(1)
k represents gravitational constant which depends
only on the system of units.

(3)
Centripetal force provided by the gravitational force
of attraction between two particles

mv?  Gmxm
R  (2R)

1 /Gm
:>v:—,/—
2\ R

i.e

(4)
(4)

Time period of simple pendulum T = Zn\/I,
g

In artificial satellite g'=0
- T =infinite.

(2)

Because acceleration due to gravity increases

(2)
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(2

g :% . If radius shrinksto half of its present value
R

then g will becomes four times.

Q.9

Q.10

Q.11

Q.12

Q.13

Q.14

(1)

g g( R jz_ g
= = 2
R+h (1+hj
R

(1)

_—av

T odx

If V = 0 then gravitational field is necessarily zero

(1)
U:_GMm
r
. 779107 6.67x10™ x 7.4x10%? x 6x10%*

r
=r=38x10m

(4)
mgh mgR, mgR,
AU=U,-U, = TR
1+— 1+-°
e Re
mgR,

= U,—(-mgR,) = = U2=—%nge

(4)
Changein potential energy in displacing abody from
r,tor, isgiven by

AU:GMmF_i} _ GMm(i_ij:GM_m
nn 2R 3R 6R

(1)

-GM
Potential at the centre due to single mass= ———~—=
J /N2

7l

Potential at the centre due to all four masses



Gravitation

GM

= —V32x—
L
Q.15 (3
Q.16 (2
vV, =4/2gR and v, =,/gR
© 2v,=v,
Q.17 (2
/GM
V= o ifr,>r, thenv, <v,
Orbital speed of satellite does not depends upon the
mass of the satellite
Q.18 (1)
GM
VA =
0" \(R+h)
Q.19 (2
Time period of communication satellite T_= 1 day
Time period of another satellite = T
T r 3/2
T (r_] =075 T -T,x(@7? =8days
Q.20 (2
Q.21 (3
Areal velocity of the planet remains constant. If the
areasA and B areequal thent =t
Q.22 (4
3/2
2 3 = —l: rl
T el T2 I’2
Q.23 (3
JEE-MAIN
OBJECTIVE QUESTIONS
Q1 (1

Net force is towards centre

2K

~1

Fa=F+ \/E

= F2+\/§F1

Q.2

_Gm* _Gm’
Lo 4 Gm*  J2Gm?
2 (P Fa® 2t
F Gm* Gm net 4r 2r
1 (\/Er)z 2r2
_omv?
oo
Gm
= V= 1/?(l+2x/§) Ans.
(3)
In horizontal direction
G+/3mm Gm?
Net force = TE €0s30° — . €0s60°

Gm*> Gm?
=8 " e 0
in vertical direction
Nt force = J3m? - GJ3m* Gm?
et force = —, 2 C0S60° + @t e
cos30°
_Jsem? J3aem? 3G m?
uad# T 3?8
\/§G m? |1+8+3 \/§G m?
= d2 24 = 2d2 along gg



Q.3

Q4

Q.5

(4)
dE,, = 2dE sind

n/2
25k 5ne do

o T

2Gmn

net 02

Along +y axis Ans.

(2)

(4)
For point ‘A’ :

For any point outside, the shells acts as point situated

at centre.

G(M1+M2)
SoF, =" m

Q.6

Q.7

Q.8

For point ‘B’ :
There will be no force by shell B.
GM;m

q2
For point‘C’ :
There will be no gravitational field.
So,F. =0

So,F, =

(2)

4 4
Net torque = FZ'E 5

= (FZ_Fl) 5
2H
F, = mgH2 = mg {1_ Rz}
2H
4 mg (H,—H,) ¢
f= R g = T
(3)
4 s
TRTTR
__ 3
p_4TcRG
(4)
9_ g
4 2
&)
Re
2=1+L
Re
h=R

Ans.
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Q.9

Q.10

Q.11

Q.12

Q.13

Q.14

_q-%9_%
9797
)
g_ GM,
4 (R.+h)?
GM,  GM,
4R?  (R,+h)?
R.+h =2R,
R.=h
(3)

Due to rotation of earth
O4=9- oang sin?

gl

. weight ¢

(3)

GMr

R3

=constant = doc}
r

(1)

According to given condition

d
o-veoltg)

2 2
o’ R, _d
g
(2)
GM, GM,

97 RZ  (5R.)
gnR;p gn(SRefp'
RS (R,

p=5p’

Q.15

Q.16

Q.17

Q.18

Q.19

N
w[®

Integrating both sides

VI,

r
v—Vv. = k/n d_.

r
v=vi+kfng

k k[¢nr],

1

Ans.

8m

vV = V1+V2+V3+V4+

__Gm_Gm _Gm_Cm_Gm Gm
_Gm_6m_Gm_Gm_om_

1 2 2

8

32




Q.20

Q.21

Q.22

Q.23

Q.24

_ 1
=-Mi1 12

v = -Gm(2)
= —-2Gm

(3)

Initial total energy = Initia kinetic energy + initial

potential energy

1 , GMm GMm
"m0 TR T TR,

Total energy, when it reaches the surface of earth =

1 (_GMmj
Emv+ R

Applying energy conservation,

1 GMm _ _GMm

— mVZ

Due to geometry net force is zero.
(4)

(1)
1

Zmv*? :2><1mv2
2 2

v':\/§vo

v'=v

e

.. SO escape.

(3)

4
2Gp-nR;}
v.— [2CM. _ 3 - [26p2rR
° Re Re 3

: 4 2
v'= /2Gp§n(2Re) =2v,

Q.25

Q.26

Q.27

(1)

ngR‘:’\p ngRng

gA: ;gB_

R% R

R, = 2R,
= 0, =20,

V.= 420R
(VQAZ \/ZgARA :2\/ZgBRB

(Ve = V296Rs

(2)

GM
vV, =— ?(—ve)

GM
asR | ?T but due to —ve it decreases.

(3)

v - [2GM
e R

[2GMm
V =KV, = K =

1 2GMm
Initial total energy = — mv?—

2 R
_1 K2 2GM  2GMm
~2 7 R R

1 2GMm
Final total energy = > mQ? —
Applying energy conservation :
1 2GM  2GMm 2GMm
—mxs — - = 0-
2 R R X
1.1 X
x R R
X = 1K Ans.

Gravitation
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Q.28

Q.29

Q.30

Q.31

Q.32

Q.33

Q.34

(4) Q.35
(3)
_ mgh
“1+h/R Q.36
Substituting R = 5h
We get AU :m—gh:Emgh
1+1/5 6
(2)
W_GmM _ GmM Q.37
R nR+R
:%[1_L}IW_m[L} :ng(Lj
R nH R | n+1 n+1
(4)
Mo _gy —, Mo 3 54
7 ) Q.38
CM, =18
P
Vv, = 2(;MF’:\/2x18:6m/s;ec
’ Q.39
(3)
1, GM,m gRe&m
—mv°= =
2 Re+h Ret+4Re
lmvzzMg Re
5
@ 40
Gmym, Q.
= r2
(2) Q.41
GMm mv?
r2 r Vﬁ-"—m ------
v = 2 i Mo
r Q.42
- @ B 27‘cl’§ B 2nr?
VGM /Gp><il1'tr3
3
1
T« — Ans.
Jp

(4)
Net force on the package is zero hence it will revolve
around the earth and never reach to earth surface.

(2)

v (Move tangentially)

_____
A

(1) cavity at center, field is zero
(2) Arc of dlipse
(3) for escape T.E. =0

(4) Notes.
(4)
bE __Gmm,
E. .
Gmm
TE =— —2
2r
Gmm
K.E. = ==
2r
(1)

Accordingto kepler'slaw applying angular momentum
conservationmyv.r, =myv,r, V__is(a) ans.

(1)

w, =50 x 10 =500 N

w, =50x5=250N
Hence option A is correct

(3)

—mv2:mgh:mszMx90 (D)
mG iM

1, 10

—mv-= x5,

2 (2



Q.43

Q.44

Q.45

Q.46

Q.47

Q.48

from (1) & (2) Q.49

Gravitation

(3)

Kepler's second law

mM 90 2 MM . h, ~100m
R 10 R %:L:congant
da 2Mm
(2)
Gravity of earth vanishesmeansthereisnocentripetal Q.50 (1)
force that is gravitational force.
AL
(1) T 2m
E:_Gmlmz L= 2mA
2r .
E_v, 14 T
E, vy 1 Q
= GMM,
RZ
(3)
, GMM, F
Tocr®? mzﬁ F= z o
T (3R)” 9
1
(DOCIJT Q.52 (3
rOCT2/3
3/2
o (R
=K oy
r, \24 4
R, 1 2 5
PTRE _em e
ro(2) T= v = V= T
r
Rl_ 1/3 ﬁ_ i L =(lj(%jzg
(4) v, ln\T,) (a)3) 1
(2) JEE-ADVANCED
GMm mv2 8I31J EC'(I'IIB\;E QUESTIONS
r* r Gravitational field at ‘m’ due to hollowed - out lead
(3) sphere
={ Field due to solid spere} —{ Field due to mass
_|Gm_ [ Gm that was removed }
r R+h GM GM
Field dueto solid sphere= —5- = = —
¥ d? 17 4R?
| Gm |2
V, R §V ] GM'
R+E Field duetoremoved mass= —5~ = E,
(1) " M 4 (Rj M
T = X —T|— = —
\/1 4.re 312 8
Voc, |- 3
' R
And x = d—E
Va_ r, +R
Vg r, +R
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Q.2

Q.3

Q.4

Q.5

(A)

Let'stake strip of lenght ‘dx’ at lenght x, from (O, 0).
ltsmass= dm = pdx = (a+bx?) dx 2|

Force due to this strip on

Q.7

Gm a+bx?
‘m =dF = —% dm = Gm > dx
X X

o+l 2

a -+ bx
IGm > dx
X
o

a+/l a
_ —+b |dx
=Gm ;.; (Xz J

Total force F = JdF =

a a
= —— +bt
=Gm {a o+l }

1 1
= a —- +be
—Gm{[a a+£j }Ans
(©
If we take complete spherical shell than gravitational
field intensity at P will be zero hence for the hemi

spherical shell shown the intensity at P will be Q.8
along c.

(A)

_ GMm
17 R2
_ GMm
27 3R?
2 GM
Change= 3 R_Zm

Q.9
(A)

2
In(a) & (b) /2(224
2
In(c) & (d) /4224

c_ GMm o GMm 3 _ J3GMm
~ (2R?) T (2R?) 2 8R?
©
FromE.C.
Gmm 1 1
O:——d1 2 +§m1vf +Em2v§

fromM.C. myv,—my,=0

V2= d (m, +m,)

Relative velocity of approach=v, +v,

2G (m, +m,)
V= ——=%
d
(A)
G-w?R=gl2
o’R =02
2
\4 —
R -9
22 =gR
V., =429R

(B)

from E.C.
GMm _ -3GMm 1 _ >
~R 2R T2M
GM _1 2
2R 2V



Q.10

Q.11

— Ve
=2
(B)

GMmx

= R3

_ R’
T - 2713 G_M
T =84.6 min

time to each other end t = T

(D)

L et the possible direction of gravitational field at point
B be shown by 1, 2, 3 and 4 (Figure 1). Rotate the
figure upside down. It will be as shown in figure 2.

Figure 1

Cea®

Figure 2

Now on placing upper haf of figure 1 on the lower
half of figure 2 we get complete sphere. Gravitational
field at point B must be zero, which is only possible
if the gravitational field is along direction 3. Hence
gravitationa field at all pointson circular base of hemi-
sphere is normal to plane of circular base.

Q.12

Q.13

Q.14

Gravitation

. Circular base of hemisphere is an equipotential
surface.
Aliter : Consider a shaded circle which divides a uni-
formly thin spherical shell into two equal halves.The
potential at pointsA,B and Clying on the shaded circle
issame. The potentia at all these points due to upper
hemisphereis half that due to complete sphere.Hence
potential at pointsA,B and Cis also same due to upper
hemispehre

©
Gm,
51 3
Gm, 4
P)
my m,

m +m,=m
m my
4nR? T 4!
5
or = G(;nm :EAns
R x 1
M
(D)
-GM,m _
R ~ Sinitial
-GM_ m
Efinal_ 2 x 2R
' _ GMm GMm _ 3
difference = — R + IR - 4ng
(B)

C) v (5
() >

‘/@
5Mv0 =— Mv0 + 4Mv1

3v
2

3 [GM,
vV, ==

2 r
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2 4 r
TE.>0
Q.15 (A)
GMe
aa_ ™R R
dt 2m
dA
gt “ VR Q.3
Q.16 (A)
-GM_ m _PE
r
GM,
VvV =
-
A4
0=2 1Tl Q
Q.17 (A)
(A)\©
Q.5

(B) Both direction and Magnitude not change

(C) Total Mechanical is constant

(D) Linear momentum changes becoz v change as r
changes but rv = constant

JEE-ADVANCED

MCQ/COMPREHENSION/COLUMN MATCHING

Q1 (AD)
Earth

Q.7
Q.2 (B,C)
_ GMmr
Fg R?
essing f -F 0= GMmr cos 6
pressing force =F cos0 = —5—— Q.8

10

GMm

W = constant.

Fgsin0
a= o2
m
GMrsin®
R3
GMy
= R3

(A,D)
m ———>F

£ _F
4= m, &= m,

m<m,=a >2,

<«<—eom,

(B,C,D)

Area covered = R%22x (1 — cos(90-9))
= 2nR? (1 —sinB)
Area escaped = 4nR? — 21R? (1 — sinb)
= 2nR?% (1 + sinB)
(A,B,C,D)
Theangular velocity of the geostationary satellite must
be equal to angular velocity of earth in both direction
and magnitude.
(A,C,D)
inside a uniform spherical shell
Ein = 0

_ _ Gm
V,, = congtant = ?

(A, Q)

. /ZGM

Escape velocity = R =V
/GM

Orbital velocity = R =V,

Escape velocity = V2 x orbital velocity — (A)

o



Q.9

Q.10

Q.11

Q.12

Q.13

Q.14

1 1 Q.15
> mvz2 = 2x > mvV? — (C)
(8,0
_2n
®s~ 15"
_2n
0= o
Q.16
11
Opestoes = 2T |15 24 Q.17
o Q.18
wesoes = —— =1.6hours
Oyest to east
Similarly

1.1
Detiowes = 2% |15 24

24
easttowest E hours

(8.0
PE=-Gm m}r, ME=-Gm m,/2r
On decreasing the radius of orbit PE and ME decreases

(A,D)

In caseof earth the gravitational fieldiszero at infinity
aswell asthe the centre and the potential is minimum
at the centre.

(A, C)
Radius decreases = Velocity increases
due to which K.E. increases

/GM
mvr=m,=— .r= ar

T? ocr®
(B,D)
Theory
(A,B,C)

GM
= € Max.
v R ( )

ry T

_ -GMm
- 2R

T2 oo r?

T.E.

Gravitation

2nR3/2 R

T = =2n |—

= min gRe2 g
©
(A)
(A)

4r?

2 1 [GM]
logR = 3 logT + 3 log —4n2
y=mx+c

2
(3)S|ope=m=§

, 1 (ij
intercept ¢ = 3 log —4n2 =6

(20x1041jm
\3 )

lo =18
9 4x10

(4) M=6x10"Kg

(5) T?«xR®

SRR
) =(2] - ()-8

0, = 8w,—0,= T,
9rel = ((Orel) t

2n = (Toy) t

(= 2n

- Tog

11
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Q.19

Q.20

Q.21

Q.22
Q.23

Q.24

12

(B)
Let M and R be the mass and radius of the earth
respectively. If m be the mass of satellite, then escape

velocity from earth v, = /(2 Rg)

Velocity of satellite v, = V— (2RQg)/2......... (€]

GM R 9
Further, v_= R+h

2 _ R’g
* R+h
h =R = 6400 km

A%

(©)

T2 = 4r? a3
T Gm

Hence time period of revolution T is

3
= 2 —_— =
T=2n o (Put x = 2R)
/8R
2n
T= g
(A)

Now total energy at height h = total energy at earth's
surface (from principle of conservation of energy)

R+h 2 R
or lmz_GMm GMm
2 M R 2R
(- h=R)

(D)
(B)

(B)

(22 to 24)

L et the angular speed of revolution of both stars be @
about the common centre , that is, centre of mass of
system.

Q.25

The centripetal force on star of mass mis

2d  Gm(2m) )

mo?— =" Solving we get
3 d

4ﬂ2 d3

3Gm

Theratio of angular momentum is simply the ratio of
moment of inertia about center of mass of system.

5
m -
Ly _lno_ \3) _,

L W0 2
ey
3

Similarly, The ratio of kinetic energy is simply the
ratio of moment of inertia about center of mass of
system.

P ‘5‘ mR® = m P ‘5‘ (2R%) =8m

from E.C.

m 8m
—-)Vl ——)VZ

Gm8m
3R

0O+0=-



Q.26

1 Q.27

3
from M.C.
mv, = 8mv,
v, =8v,
Put value from eqg. (2) to eg. (1)

G8m?
3R

> 2Gm
vV, =
27R

2 64x2Gm
2 _ 04x2Gm
27R

1

2
mV1+2

2
8mv;

_1 2 1g 2
=5 m64v2 + 5 8m2 0.28

Q.29

After collision

— Vl +V2
2 18m

Gm8m
3R
1 1

final K.E.= Smv{ +58mv;

Initial K.E. =

(A) Q.30
After collision r is max. separation

from M.C.

8mv’,+mv’ =9mv

vV, +V 4
8m{11—82} - m[g(v1 + vz)} =9mv

v=0
from E.C. Q.1
-G8m?* 1 2. 1, 2Gm* G8m?
—t+t8mv i+ omv = —— — ———

r 2 2 3 R 3R
=r=4R

Gravitation

(B)

: ,,//g,, :

t, > t, between areaisACB is greater than ADB.

(©
Both D & C between
Total energy isaways-ve

1
= K.E. = EmV2

GMm 1
Total energy = — + > mv?2

GMm 1 2GM
TE =0if - +ZmVZ =0=v=
r 2 r
2GM ,
For v< — , T.E.is—ve
2GM ,
forv> T,T.E.|s+ve

/GM
If Vis e i.e. equal to orbital velocity, path is

circular.

If T.E. is negative, path is liptical.
If T.E. is zero, path is parabolic.

If T.E. ispositive, path is hyperbalic.

(A)pr (B)pr (C)qr (D) pr

(A) At centre of thin spherical shell V =0, E=0.
(B) At centre of solid sphereV =0, E=0.

(C) Atcentreof spherical cavity inside solid sphere
V %0, E-0.

(D) At centre of two point massesV = 0, E=0.

NUMERICAL VALUE BASED

(3] 1
w.r.t. COM K.E. = > (red mass) v, 42

mr

w.r.t. COM Angular momentum = 3 Vg

.. Equating energy

13
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Q.2

Q.3

Q.4

Q.5

14

im, Gm* _1m, Gm’
220 (0 T

(Herev, isrelative velocity | tolineasv,, aong
the line joining is zero when separation is either

min. or max.)
Angular momentum conservation

mr,, mr
S VoT g Ve
Vo= Vo
rel r

i 2_ 2 -
solving 3r® — 4rry + 1,2 =0

w ‘o_‘

rmax = rO min

ratio=3 (ans)

[3000 sec]
B 2nR

Vv
_, R [3
~“Mem VeGP

= 3 x10° sec = 3000 SeC.
(8]

~GMx3M 1 ..,
e ZuvA =0
d 2|~*l rel

+3GM? 1 3Mm?

=x x V2
d 2 am ™
2 _ 8GM
rel ~ d
8GM
Vig = a4 =mn=8Ans.

(2

dF = MM _ GT(Kjdx
X x“ X
Integrate from d to «
_GmK
2d?
[23]

Q.6

Q.7

Q.8

Q.9

Q.10

27[(a)3/2

JGM

Putting values we get
M =2 x 102 kg

47 (a)®

T=
GT?

so M=

(47

W +W =4K=0
ext g

W, -mV =0

4
Wext=2><§ =4]

(5]
mur=m(v,+v)a

_ [seMa oM,

=Uu

1 GM_,m 1 GM _m
a|50§ mu2—+: Em(vo+v)2— =

(2]

_ [2GM )
Ve Tm 2 Ves

=V,.= 8GnpR

Va _Ra Va_2
Ve Rg
[12 hrg]

2mr
O + O

2nr 24
20 2
= T=12h

= T=

[40]

dA e
— = — isconstant
dt 2

2 2
dA _ rmax(Dmin - I’min('0

B 2

max

2dA /dt
= Opmjn = r2
max

2dA / dt
=40k m/s

V. =

max minr

min — )
min



KVPY

PREVIOUS YEAR'’S

Q.1

Q.2

Q.3

Q4

Q.5

Q.6

(D)

A

EJs)ing conservation of angluar momentum
V,r,=V,.r,

Vp 1, at+ae

Va o a-@

(D)
GM
(R+h)?
h<<R

M towards the earth

N G
R

(D)

At earth surface acceleration due to gravity 9= RZ
At height = 9000m, Radius of orbit of ball is 6400 +
9km = radiusr >R

Radius is almost equal to radius of earth.

[GM
(v) orbital velocity of ball = -

. vZ_ GM
Acceleration = Tz
r

asrisvery near toR

) GM
. Acceleration = ? =g

(A)

Planet sun system is bounded system

.. Total energy of the system is negative
TE=KE+PE

= K —| U |{PE isnegative here}

as TE isnegative

=|U|>K

(A)

Using energy conservation

Q7

Q.8

Q.9

Gravitation

GMM 1

2 GMM
2 5R

\ 5R

V isthe velocity by which object is projected. When
object return to earth its speed will be V.

(A)
V() =Kr"
dv

gravitationa field=E= &

d; K
=(-K) (1) = () (e = 5

forceon mass=E x M, where M = mass of body

_ le2 ME, - Mv22

ME
! n 2

2
vi©

sz rE,

Ax? _

GM
T=inyear
a=radiusinA.U.

3
. = = —Yyear
.. T=3days 365)/

3 2/3
2= (o)

a=0.04A.U.

(D)

T? o r®

15



Gravitation

1_3x10° 16x10% x1.6x10® x9x10°
4 r =24 x 10
r=12x 104
Orbital speed of S, seen form planet = w,r Q.12 (D)
_ %lexlO“ Ataheight ‘b’
=7 x 10*km h? 9, =0, (1_%1j
V = or = 2x3x10° when h (10 km) < R (6400 kmm)
1 11 3 .
at adepth‘d
= 21 x 10*km h?
d
V, s =9 l_E
here 9, “ R
Now g, =g,
= d=2h
d=20km
(E““Ejt o JEE-MAIN
3 2 PREVIOUS YEAR'S
A 1
o 1 Q1 (1)
24 2 l 2
2 T=2n gplana =2=2n gplanet
t= —hr
9
Anlge rotate by both satellite - 1 - Z =g = 212 m/sec?
7'52 gplanet planet
_2m 12 8n
173 9 9
Q.2 2
_ 2 x “
272479 79 g, = M
. 17 9R?
Velocity of S, seen from
S =V, +V,
= 3n x 10* km h? am  G(Mg)
%% 9rR? T (s
Q.10 (D) (5R)
A lunar eclipse can occur on anew moon and full moon 2
day.
_GM GM 1) _ 4 (Gm
Qll (C) 9R2 - RZ 50 “B50x9 RZ
. . GmlmZ
Gravitational force= F; = 2 9 50
"0 41

16

9 _(3x10'Y
24 re

3x3 _(3x104J3

24x24 | r®

I . f _ F — 1 qqu
Electrostatic force = e 4ne, _rz
F _ Gmm,-4ne,

K 0,9,

_ 6.7x10™"x9.1x10 x9.1x10™

)



Q.3

Q4

4n?r® 2n%r®
T=126m, =\ em,

2

= 2887.15 sec

(1)

T \/ 2r%(8000 x 10°)3 \/ 2r%(7000 x 10°)3
— 1 =

G x 6 x10* G x 6 x10*

<«—0.05m —>

< 0.2m

uoNIR? B,

B= ", .3 — o =
2(R2+x2)4 =~ B,

v

g (R2+x)"

17 (R +x)

R2 +x2) R? + x5
=64 — 2 =4

2 2
R® + X3
R? + x5 = 4R? + 4xZ

3R? + x5 = 4x¢

) )

R? + x?

Q.5

Q.6

Q.7

Q.8
Q.9

Q.10

R L
10

R=0.1m

(3
Theoretical.

(10)
GMm 1
mv

GMm+/8R

_GMmX«/é

R? 27

(1)
(4)

(R? + 8R?)2

Gravitation

17



Gravitation

Net force on one particle
Fre = F, + 2F, cos 45° = Centripetal force

2 2
N GM° + 2GM 5c0s45° | _ MV?
(2R)? (\/ZR) R

V=% /G?M+(1+2x/§)
\/7

v:% G(L+ 24/2)

Q11 (1)

Q.12 (1)
mg = 49
m(g — »?R) will be less than mg.

Q.13 (3
By angular momentum conservation :
mv,r, = mv,r,

48x 10"
Vv, ———— =3000m/ sec
11.6x10%
Q14 3
Energy given=U - U,
( 3GM?)
=0-— k——
5 R
_3GM°
"5 R
X=3

Q.15 (64)

Vv, = 1/26?m e (D)

18

Q.16

Q.17

Q.18

Q.19

10V, =, [—— e (2)

(2)
T?c R®

T.jz_ 9j 3
T R
T2=Tx

T =T x3°
T =27T

(4)

For objectsto float

mg = mo?R

® = angular velocity of earth.
R = Radius of earth

o= \/g .. (1)

Durationof day =T

_ 2%
T==22 ()
. |R
=T=2r g
_ . [6400x10°
“T 10
— = 1 _ 83775 minutes
60 T
~ 84 minutes
(4)

ds

e

For small displacement ds of the planet itsarea can

bewritten as



Q.20
Q.21
Q.22
Q.23
Q.24
Q.25
Q.26
Q.27
Q.28
Q.29

Q.30

Q.31

Q.32

ds

_1
dA—2rd£
_1 -
—Erdssm(%

_dA _1 .. .n0s_Vrsn®
A.vel—dt—zrsmedt_ 5
dA _1mVrsind L
d 2 m  2m
(1)

4
(500)

(4)

(4)

(3)

(4)

(2

(4)

(4)

(1)

Inside a spherical shell, gravitational field is zero and
hence potential remains same everywhere
Hence option (1)

(2

(4)

To convert pulsating dc into steady dc both of
mentioned method are correct.

Q.33

Q.34

Q.35

Gravitation

2
Fe = MV
R

2

V2F+F = MV

GMM GMM MV?
2t =

(v2r) (2R} R

GM( 1 1) .,
FlEa)
G_M4+_\/§]_V2
R 42 )

GM (4+472)

V =

R42
yo1 /GM (2\E+1)
2 R

Option (2)

(3)

T,=1hour
= o, = 2n rad/hour
T, =8hours

= o, =%rad/hour

19



Gravitation

R, =2x 10°km Q.3
AsT?« R?
Q4
V,=o,R =4 x10°km/h
V,=o,R, =21 x10°km/h
_ B V, -V, B 2nx10°
Relative R,-R, 6x10°
~Zrad/h
3r our
Xx=3
JEE-ADVANCED
PREVIOUS YEAR'S
Q1 (B)
Ve: \/EVO
1 1
KE = Emvﬁ = Em(ﬁvo)z =mv;
Q.2 (B,D)
Q.5
4 _3
2GM 2.Gp.—nR 4Gp
vV = |/—— = 3 =4—5R
es R R 3
V%oc R
Sarface areaof P=A =4nR?
Surface area of Q=4A =4n RQ2
= RQ = 2Rp
massR isM_ =M_+ MQ
4 _3 4 3 4 3
—nRp = p—nR —nR
P 3 R p 3 p+pP 3 Q
— RR3 = RP3 + RQS
=9R?

20

R.=9"R,=> R, >R,>R,
Therefore V>V ,>V,
Ve 1

R
—/ g8 gnd - =
A vy T2

(B.D)
_GM.2m+£m2 040
Mo L M
— > )¢ 5 b
o |4sm
L
(B)
. Rearth
Given, Ry, = 7o and
densit Iv'earth _ Iv'PIamet
ensity, p= 7 T4 = M et
g nRzarth g Rglanet ’
_ Meanh
10°
OMyer  GM, 102 GM,
gsurfaoeofplanet_ RSIanet - 103R§ - 10R§ -

Osurface of earth

10

X
gdepth of planet = gsurfaoeof planet (Ej Where X= dlStanCe

from centre of planet

p X rg| X2 "
r- Jrof3)- 0%

=108 N

4R /5 4R/5
©
i 25x10'R —> o°
Given ZGMe = 112km/S

, GmM, GM/m
_mV — — 4 2
2 R 25x%x10
forv=v
, 2GM,  2GM,

V =

e + 4
R 25x10"R



_ZGMe+6x1056Me
R 25x10°R

- Me (242
R

= ,/@ =40.4km/ sec.

Q6  (B)

- A
S

- .

~

:"l ::' ““. “'- ﬂ:z
H : ; ; m, .
Lo [ R given
oA R o /.' _1_9
s el /, R2
GMm; myvj
RZE Ry
> GM , GM
1 2
Vi_Re_,
l=2-
v Ry
Vi
P =2
(P) v,
(Q L=mvR
Lo mviR 501 g
1 5
R) K==mv
R 5
2
ﬁzml—vlzzzx(z)zzs
Ky myvs
(S) T=2rnR/V
L R v R v, 111
T, v, R, R, v, 4 2 8

Q.7

Q.8

Gravitation
(D)

Let total mass included in a sphere of radiusr be M.
For a particle of mass M,

GMm  mv?
r? r

GMm _ 2Kr m
= ; =2K :>M—GM

_dM_ZKdr
.. - GM

sy = 2K __K
= @m0 =G TP ulem
.n_£: K
T m 2ar’m?G
(9)

21



Simple Harmonic Motion

ELEMENTARY
Q1 (4
0 &
Asng=x >
25cm
so0 = n/6
Q2 (3
y=asin(2znt + o). Itsphaseat timet =2nnt + o
Q3 @
Q4 (D
Velocity of aparticle executing S.H.M. isgiven by
2t |,, A? 2n [3A?
— 2 2 = — A - = — =
V=ova —Xx T\ 4 TV 4
A3
T
Q5 4
From the given equation, a=5and o = 4
Vv=omyaZ-y? =4/(B)°-(3)° =16
L v=oyai-y? = 4/(5)*-(3° =16
Q6 (4
At mean position velocity is maximum
i Vi 16
ie, v _=ma=m 0=—"r=—=4
max a 4
LV =mya - y? = 8/3=4\4—y?
=192=16(16-y?) =12=16-y?
=y=2cm
Q7

22

Velocity v = oV A? — x? and acceleration = o
Now given, ®’x = oVA? -x* = 0’.1=wV2* -1

= w=+3 . T:E 2n

o B

Q.8

Q.9

Q.10

Q.11

Q.12

Q.13

Q.14

Q.15

Q.16

1)
(1) PE. =%mco2x2

Itisclear PE. will bemaximum when x will be maximum
e, ax=xA

@
Since maximum value of cos?wt is 1.
K =K, cos" ot —K

mi

Also K =PE_ =K,

@

@

At mean position, thekinetic energy is maximum

@

S

k
Maximum vel ocity :am:a\/%
K K
Given that a“/—l = aﬂ/—z - oa_ K
m m a Ky

)

Given spring system has parallel combination, so

keq=k1+k2andtimeperiodT=2n ( Tk j
1 2

keq=k1+k2andtimeperiodT=2n ( Tk j
1 2

@
With respect to the block the springs are connected in
parallel combination.

. , 1 [k +Kk,
-. Combined stiffnessk =k +k, and N=—,|———=
2n m

©)



1 111 1/ 1 2
=—|1l+=—4+—4—+...... =—|——|=—
A A =

(By using sum of infinite geometrical progression

Q17 (3

Q18 (1)
T 2TC\/T \/T stant
=em |~ = |~ =constan
9 9
=1 = 10 =3 1m
oC —_——= =—
9= 969 "6
Q19 @
1 n I
Frequency noc — = —‘t= [
&=
L ni 3 9
S o
b n 2° 4
Q20 (3
If first equationis y, = a sinot
— snot =2 ()
then second equation will be y, = azsin(thrgj
JEE-MAIN
OBJECTIVE QUESTIONS
Q1 (@

Comparing F=—kx
with F=—cx¥3
= kx=cx*®
= c=kx*?

Q2

Q3

Q4

Q5

Q6

Q7

Q8

Simple Harmonic Motion

As X increases ¢ also increases.

or aoc X

@
A particle returns back to its original position in one
timeperiod.

)
Thetotal distance moved by particlein onetime period
isfour timesthe amplitude.

@

Position where we seetheparticle oncein atimeperiod
that isonly extreme position. twicethrough every other
position

@

\7 max Only \7 max

If initial velocity is \;__

then after onetime period particle acquires same speed

V . IN same direction means samevelocity ;

@
A particle appears only once at one of the extreme
position in entire oscillation.

©)

In the particle movesfrom extremeto half of amplitude
then let thetimetakenist

y=Asin (ot+d)

. T
y=A SH(OJHEJ (Asparticle startsfrom extreme)

é:Asin(ﬁuﬂj
2 4 2

T om
—t+—=—
2 2 6
Ty
2 6 2

23



Simple Harmonic Motion

T T
—t+—

Q.9 (3,4)

non-positive means negative scalar product of two
vectors will be negative if they are antiparallel. as F

and a arealwaysin samedirection and oppositeto 7

Q.10 (D)
Vectorsin all the pairsare either parallel or anti parallel
so angle is either 0° or 180° hence cross product is
zero.

Qu @
®=3nx5=15r, A=005

L S S 5
—w—lsn—lssec.ns. (B)

a. =wA
=(15n)? 0.05
=225x%0.05
=11.25 2Ans——(C)

T

Q12 ()

y=asin (ot —kx)
y=bcos(et—kx) = y= bsin(wt—kx+g)

So phase differenceisn/2

Q13 (3

y = acos ot

a t
— =acoso
2

Q.14 (4
=— X
=—n?Asnot

T T
~o'A[(Snotd  —o®A [ ‘COS‘M}
0

<a> = T = T-0 =0

[ot

0

24

Q.15

Q.16

Q.17

Q.18

(A)
T/2 T2
2 .
[~ Asinot dt _mz/{coswt}
_ 0 ® Jo
g = TI2 = T/2
Idt
0
2 2
-0 A[-1-1] 4doA  20°A
|a|a\’9 T/2 = E T oon
(O]
@

Velocity is maximum at mean. To come back to mean

. 2
the particle has to move (n—g]:gn. Hence

211}
3

5
N

@
y=5sinn(t+4) = y = 5sin(nt + 4n) ---(1)
The standard equationisy =Asin (ot+)---(2)
comparing equation (1) & (2)

2n

A=5m, =7 1 =—=2S€C.
()

&)

Let particle A be the particle shown with initial phase
135° and B bethe particle a extreme. Hence the phase
difference between themis 135°.

D
NSRS

B, *




Q.19

Q.20

Q.21

Q.22

Q.23

Q.24

(3)

V=0JaTx?

(50m)*= (10m)? (107 —x?)

= X=* [75=%5.3

So, separation between pointsis
Ax=2x 5J3 =103 =17.32cm.

@

Consider SHM asprojection of uniform circular motion.
From figure the phase difference between two particles
is120°.

@
Velocityv=o /a2 _x2 = V2= 0?A?2—0?X?....(1)

Acceleration a=—»?x S a&=0*'x?...(2
From (1) and (2) : v?= @2 A?—&/ 0? = V2 + &/ 0*= »?
A2

v2 a’

=

= V2= -a° [izj+1 itsstraight line with -ve slope
(O]
and +ve intercept

@
m_ w1
» 100 50

Fromgivenequation T = =0.02

andA=0.01

@

At equilibrium position K.E. is maximum.
&)

1 1
Zky2= = 2_y?
2kx 2k(A X?)

>

or X

Q.25

Q.26

Q.27

Q.28

Q.29

Simple Harmonic Motion

(2)
1 | !

Al I'1sec 'B
¢ 3 1sec

—_

= =

T
Hencez =2sec. T =8sec.

@
y=0.45sin2t

E: 0.45sin 2t

100

sin2t=0.167
speed = amcos2t

=0.45x 2~/1-sin” 2t

=0.9%0.98=0.87=0.15./3 ms*

@

a., = 0A
(157=w?(1)

o =1.57 rad/sec?

E:1.57
T

T =4 sec.

@

From question

1 1

Emo;ZAZ:Sx 108> EXO.lezx (0.1)>’=8x10%

=>n=4
So, equation of SHM is x = A sin(ot + ¢) = 0.1

T
in| 4t+—
sm( 4)

@

X =A coswmt

1
K.E.=

= Sk(A?-x)

1
= 5 kA2 sinZot

1 (1—cos2mt)
=—kA2——F—
2 2

2

4
Frequency of K.E. isdouble of acceleration.

(1-cos2mt)

25



Simple Harmonic Motion

Q.30

Q.31

Q.32

Q.33

Q.34

Q.35

26

(1)
Total Energy of S.H.M. remains constant so average
energy = Total energy

€)
X =Asn2nvut,

1 1 1
KE.= SK(A? =)= SK (A-ASi? 2mut) = K A?

K
(cos? 2nut) = 2 A?(1+ cos4not)

Hence, thefrequency of K.E. is2v.

E =5 Kx
—_ 1 2
EZ_E Ky
1
E= 5 K(c+y)y?

1
= E= 2 K(x2+y2+ 2xy)

=E +E,+Kxy

_ 2E, |2E,
=E +E,+K w VK
=E +E,+2EE,

@
X = Asinot ift=1ist=0

v=Awcosot = 0.25=A xz—gcos(g (t —1)}

Att=2sec.

L o02s=AxZ L a2
6 2 2n

©)

2

4d%y
dt?

9 3
+9y =0 2= — =—
y =0 4:(0 >

©)

Q.36

Q.37

Q.38

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

@

Slope of F-x curvegivesK

dope = 135
15 F=-Kx=K=9

, K 2
o=3, A

@

From question

1 1
Emw2A2:8x 103> EXO.leZX(O.l)"‘:Sx 103>

o=4
So, equation of SHM is x = A sin(ot + ¢) = 0.1

T
inl 4t+—
sm[ 4)

©)

ah

—»> A
2
—_T/ —
0= 3—a)t
t=1
6
_A2_3A



Q.39

Q.40

Q.41

Q.42

Q.43

Q.44

(1) Q.45
V_=Ao=V

o remains unchanged in this case.

Hence Vi, =2A®

V__ =2V
max
Q.46
@
1
3 V2= = KX
Zmvi= = K. x2
2mv > X
KXx2=Kx?
XK,
X2 - Kl
S
_1 K Q.47
17 2n\m,
i K
f,= 2n\\'m,
— f1 — —
fz—Eor m,=4m, orar m,—m, =3Kkg
Q.48
(3)
M . -
T=2n K When the rubber ribbon slacksit will not
exert any force.
S
K will remain unchanged Q49
LK constant
2n\m
(1)
K -
= \/% and Ke=mg (at mean position)
-9
or o= \fe Q.50

Simple Harmonic Motion

(4)
kx = mg sin 30°

[k \/gsin30° \/5><100
=, — = = =14.14Ans.
m X 25

Q)

Timeperiod=T=2x \/%
Spring divided into two equal parts so length is
reduced to half

1
Weknow K o« 7

. K becometwice

u new 2K

2k x 2k
2k + 2k

0, frequenc f—1 Ko _ L JAK
QU T= 5™ T 27\ M

k =2k+k+ =4k
e

L 1,1 1 1
Keq = K K aK T e
_K
or Keq—2
D)
E= — m»?A?
I S
T2
1
= —kA?
2

E isindependent of mass.

(4)
Total M.E.=T.E. & M.P+Total oscillationenergy 9 =5
+4

27



Simple Harmonic Motion

Q.51

Q.52

Q.53

Q.54

Q.55

28

I 1,
Total oscillation energy = EKa =4

= K =8x10* = T:ZnJN%( :T:%OO

©)

In spring mass system time period depends only on k

andm, notong

@

2m

Inseries T, =2n /—
K

/m

T, =2, |—
Inparale T, =2n K

Tseries _2
Towats
B)
V. . = 0A a)pAp = 0,A,
A 2 _ K,
AQ o, K,
€)
E, —l KA?
2
E =—mw?A?

E, :%(zm)@-zAz

Thevalueof k remainssameso ©'=

1
and hence E; =5 mo’A?

So the energy remains unchanged.

(3)
T = 27:\/E T = 2“,’L
P K g+a

Tp =Remain same T _decreases

Sile

Q.56

Q.57

Q.58

(1)
We know that
Xx=Asnot

a .
—=asinmt
2

mt:E
6
T

)

Now v = awm cosmt

t

ancos V3221 _an3
6 2 T T

@

Initially the COM of spere and water lies at centre of
sphere .Aswater flows out the COM shifts down and
length of pendulum increases hence time period
increases but when water level becomes half of the
sphere the COM again starts shifting up and hence as
length decreases time period also decreases.

Thegraphin figure show that a quantity y varieswith

displacement d in asystem undergoing simple harmonic
motion.

M o

(I11) 1v)

>

o) d 0 d

Which graphs best represents the relationship
obtained wheny is

(4)

g Earth

gMoon = 6 TMoon = \/6 TEarth




Q.59

Q.60

Q.61

Q.62

Q.63

(1) Q.64
Given time for both are same
9T, =T7T,

9x2 b 7x2 b
X — = (X —
"\g g

ly 49
= 9 fl =71/f2 :}Z:a Q65

@

Letx,=A sinotandx,=A,sno,t

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

2 2n
= (-I-_2 —?l)t=27t

5 [ Q.66
= |1 "\ Taz |™ s = 2n (wheren isnumber of

vibrations completed by longer pendulum)

g g 1'
/—— /— nx2 [—— =
= ( 1 1.”] X LT 9 2n=>n=5

Thus after 5 vibrations of longer pendulum they will
again start swinging in same phase.

(€)
V4 V4 2
=21 [— =2xn = —F=
=", Vog+rg/a =B "

Q)

Q.67

( . .
T=2n \/; , Asit does not depend on amplitude 0.68

~. % changein time period is 0 % Hence option (4) is

correct. Q'69

©)

V2 (0A)?
Tmax=mg+mm2£=mg+m7 =mg-+m Mg

2
+mgXA_ ('.'(}): EJ
A 4
AN AY
orT__ =mg+mg (7J =mg {“(7] }

Simple Harmonic Motion
(3)
¢ : :
T=2n \g , At high altitude value of g decreases

- length of pendulum must be decreased to keep
correct time.

)

1= 2 mRe= 2 x 25 % (02)2= 2
= — = — X X = —
5 M"=75 027=5
=cpe=<=2 o1
t=Coc=y =~ =0

| / 2
T—ZTC\/g =2 501 =271 X 2 =41 SECS

@
@

X
—
Lz men

L et the particle be displaced a distance x to Q then a
quarter of way from A to B means particleis at L/2
from A so time taken is T/6.

F. =2(L/2—x)—(L/2+x) = F_=-4x
T=2r, 0=1T5="7%

\>0

29



Simple Harmonic Motion

Q.70 (1) i
from Lissajous figures if ¢=Z then the path of
n1T1=n2T2 I’ITZEXI’I . . .
. 4 ? particle is an ellipse.
n_5_, n,=5, n,=4 Q75
n, 4 y=Asin(ot+d)andx=Asin(ot +¢)theny=x so
path is straight line.
Q71 (O
When the lift is going down with constant velocity Q.76 (2
the acceleration is zero. x=Csgnwt+Dsin(ot+n/2)
When there is aretardation of 'a' theg,, . .is g+ a
V =constant — a=0 Sothereisno effect. A= \/CZ +D?+2CD cosg A= JcziD?
T.=T=2n L
1 g 9 =(073) Q71 @
1. NE)
(L y=10 (EsnSnH?cosSnt] =10sin(3nt+%)
/
aT lmo"e T,=2n g+a thusamplitudeis 10 m or 1000 cm
Q78 (2
x=Asnot, y=Acosot or xX2+y?=A?
T,>T, Thus the motion of the particleison acircle.
Q.72 (1) Q-79 (2)
T =2sec.
t
| y =4cos? (EJ sin (1000t)
T=2n |—
mgd
Time period of asecond's pendulum is two seconds. y = 2c0s (%) {sin[%) + sin[&zgtﬂ
- & y =sin (1001 t) + cos(10001t) + sin (10001)
pendulum +c0s(19991)
y=sin(1001t) + /2 sin (1000t + nt/4) + cos (19991)
So the given expression iscomposed by three equation
of SH.M.
2=2n 2mR” = 80 3
moR R=.5m Q. €)]
a=1a=10=—
Q73 @ s
y = A(L+cos2ot) ¥ = 2Asin(ot + ) a= & +2 +2aa,c0s0 = a=+3
y=A+Acos20t V,, = 2A0 Q81 (2
V... =Ax20Ratio=1:1 1,
E:EKAeq A, = A2+ A?
Q74 (O
. 2
x=2snot E:%mwz(«/iA) =J2A
. T
yZZSIH(a)t-i-ZJ E = mw?A2
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Simple Harmonic Motion

JEE-ADVANCED

OBJECTIVE QUESTIONS T I
Q1 (0 oo 818,
Restoring force F = —u_d (u (1-cosax)) | | ‘ | |
. b e Vi Mean i
F(x) =—u,asinax Position

Q.2

Q.3

Q4

for small anglesinax ~ ax

2 27 2
—Upa™ X
F=—u@x=>acc.= OT =X = (—j x X

m
So, Timeperiod T=2xn ‘/_2
Upd

©
2A o’ =A, o]
Ao =A o,

Q5

If o, =20, and Af=%

The condition will be satisfied.

D)
0=t
2n )

1
=222
T 8

Q6

dh
\fD

x=A/~2
D)

Max. Average velocity — Total max displacement

Total time

Max™ displacement will be closeto m.p. — \2A

avg

_ 42,
T

D)
Timeperiod = 8 sec.
In 1% second = % x1

A
Displacement = f

In 1% second = %xl

Displacement=A = %
t=1

A2
AJE@EZ-Q_«J§+1)

D)

0

Awcosf =1.2 - (1) Awsind=1.6 - (2

mn9:§§:39:5y

Aa).g =1.2= Aw =2m/sec.

Ansing
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Simple Harmonic Motion

Q.7

Q8

Q9

Q.10

32

(©)

—p»V —» Vv/2
A B C D E
<+—>

A

A 4

‘72 = oJR* — x* R% = ovR? - x*

R:/ _ p2 2 _\/§
A_R XX—7R

Distance = 2x = /3R

©
X =A+ Asinot

A 2A
o 2.57
w
27  0.57
t= +
w w
=5A

©

E.P.

Q.12

A
A:20m.:>X=1ClTl=5

= v=wlAP—-x? =03 = a=wl

w=+/3 =2mn
V3

= n=-"
27

(A)
y = sinwt + /3 cos wt

y = 25in(mt+%) Av’ =g

_m 2
6\g
®
0 Q\Y
43Ak
:>cos«9:£
4
ﬁacosezﬂ
4
®
gzwL:E, X = Asin— =
12 6
2
P.E.= lKX2 = lKA
2 2 4
vchosesz\E

i
N

KE :%mv2 lK[EAZ] .




Simple Harmonic Motion

Q.13 (B) Whena =g
10 then block and piston will be separated
y =2sin|—t-Z 5
3 2 2n
8n=9= |7 ) A @=7)
14 C
Q14 © a2
wx27 27 ngA:33+
Phaseby o = ==
3w 3 1
> A:Z:O'ZSm
— iy
Phaseby 20 =¢+20x<7/3
4n 27 27 4rw Q20 (A)
,¢+?—?=0,27T,47T¢=?,? ------ force = (P-P)A=Ma
h—x
Q15 (A) A
P
P
MWW M

MNN VARV N NN

‘“ byPV, =PV,

Poh
PhA=P(h—x) A= P=

h—x

Poh A
- |9 _p | & =
Soforce= (h—x oj =a

M
Q16 (©
_ _PoAX  PoAX
a= Mh—x) = Mn ; (for small x)
_, |Mh
T=2n PoA
Q21 (B)

velocity beforecallision=,/2gH

Q.17 (B
v2=108 - 9x2= v? = 9[12-x?]
dv H equilibrium
:>2v_:_2x><9:>a:79X:>0)2:9 Position
ax
e
) . 2
Q18 (A) maximum —>---------mm e
F=-Kx Slope=-K displacement
Q1 (A) pan is massless so velocity after collision
2
2 = 4/2gH
Acceleration (a) = w?x =>a.= {—nj A J )
T by energy conservation

33



Simple Harmonic Motion

Q.24 (A)
mg(x)+ = (/29 )2 —kx2 M. M
kx2—2mgx—2mgH=O Time period T = 21 % where p = M11+ IVI22
(omg  mg g, 2Hk _MxM M
k =k mg TM+M T 2

at equilibriumkx,=mg = x,=mg/k v
So, timeperiod T = 27 %o (v k=a)

2Hk
ey = MY g K
mean Amplitude=x—x,= ” mg
Q25 (©
Q22 (C) m final
L et displacement of block isx, and of cartisx, asshown =Y
N.P. Q
EPE

Ix

u=0

X, ¢—

p=s,
=

22% initial
m

Let upper block is pushed down by x. at equilibrium
mg = ky, i.e., weight of upper block is balanced by

ot

a}mm 004

ey )] spring when it is deformed by y. upper block will
\‘ "I \~ "I . . .y .
~= ~= perform SHM with amplitude x about equilibrium
) ) position. lower block will leave surfacewhen springis
by linear momentum conservation extended by y, means upper block is at distance 2y
_ _mvy mx, fromits mean position. That should be upper extreme
mv, =Mv,=v,= —o= S0X,= M position of upper block. So amplitudex = 2y

Alternate
at equilibrium of upper block mg =ky
lower plate will leave the surface if the extension in
m M+m springisy
= X [Xl ™ le =ma’, = 6* =2 [ Mm j Let upper plateis displaced by x downward and lft
so by energy conservation between compressed to
Mm extended positions

2k(M+m)

For block Force equation can be written as
F=2k(x, +X,) = Mo,

SoT=2n
1 1
0+ > K(x+y)?=mg(x+2y) = 2 ky?

1 1 1
o = Ekx2+5ky2+kxy=mgx+mg2y+5ky2
— L =21~ T=2r
K, = X=2

K £2 2mm 2 _ 2rm Q26 (D)
eqm (for series) —Tl, 2 K

2

Q.23

1 1
_+_

T2 =2mm
and m K, K,

T
P
>

{

=T =t +8

[T

34



Q.27

Q.28

Q.29

liquid is displaced by x

at displaced position

So net forceon fluid = (2xA)pg = mw?x
=pA (20)w*

_ 19 —2ﬂt£
e

(A)

27 27 27

- =2 =20
ot 3 =>T 3
3 3 VK

Time Period
—
wla

T
It can be considered as a two block system for 5

time

t':I:ﬂ'ﬂ =>t=n 22:15.
2 2K 2.
©
f/m“;oso
T A Koo 1%

Q.30

Q.31

Q.32

Simple Harmonic Motion

Force on fluid

F =—psg (x + xcosb)

= —mw?X

= me?=psg (1 + cosh)

/psg(1+ cos0)
= O 4|J———
m
teon M
pS(1+cos6)g

§

If cylinder is displaced x vertically down as shown
then Net force on cylinder

D)

(/12-x)

(¢/12+x)

F=kx +x.apg
d?x d’x (K +apg)x
Mo SrEex = =Ty
= 0> =(2rn)? X
1
Sofrequencyn=z (%}
(©
T K 3
- K _ _A_ |8 _ 2
K, =K5. Ko =3K =7 =k 71

(©)

for x <0 perform SHM
lmU2 =F
2
__{m Gravity
= n\/;SHM

- m

‘ )UZE
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Simple Harmonic Motion

:sTZ:E,/E
g\im
m 2 [2E
.‘.T:T1+T2:>T=7r\/;+54/ﬁ

Q.33 (B)
at equilibrium position
Axpg=Mg M=Axp —(1)

If tube displaced by distance y vertically downward

then net forceontube [~ 0 Q [ I
X

A(xty)pg—Mg=Ma

_ Arg

- Mg -
a= Y=Y =as(@xy

Timeperiod T=2n,/x/g

Q34 (A

2><%KA2 :%KA2 :>A':\/§A

m
T=2n/"
= i K

Q3 (©
() Equilibrium position determination
M,g=T — (fromFBD of M,)
2T =M._g+kx, (fromFBD of M)

s 2M, g =M. g+ kx,

o kx,=2M.g-M_g
(ii) Displaceblock M, by small disp. x by
At new displaced position

36

/2
x/2

Q.36

M Kx
equilibrium—M g+ ng + TO =0)

aM, + M, —Kx
Hence, ————= a= e

4
N D S ,___ K
S DTVRRT VI Lo (TYRR VIS

\ 4Ml+ Mz

_ K S T= 2n
CTNEM M) T e
. _ 4M1+M2
o TZ_ZWW/—K

(B)

m
T = 27‘('\/; ----> not dependent on g,

thevelocity of particlea M.P.=V .V, = Aw,

Initial phaseiszero.



kx > 3mg 8:2?:_9

X 23ng F=ks+kx=3mg

F N
leg
3 3
PRLLL [ 3m | [ 3m |
k
mg 3mg
F > 3mg
Q38 (B
T =2nm I
mgd

60°

I\J‘a

Simple Harmonic Motion
Q.39 (C)

2
I :mzR + mR?

L
/%R\ Ring = EmR2

\__/ 2
2
T—2n 2R o PR3
2 mgR 2g 2

Q.40 (A
For smplependulume = ,/g/¢ and maximum linear

displacement x = /6 and equation of SH.M

x:XOCOS(ot
xzfecos\/%t
Q41 (A
> [0/ _ 5 (e _T
T, =27 /—T:TZ—ZWA =3
T, T T T 3T
T — 1 2 — - =
ed 2+2 2+4 4
Q.42 (B)
2
mgd 3
2
7 _ o |2md 242
3 (2m)gd
T =27 2\/Ed
3g

37



Simple Harmonic Motion

Q.43

Q.44

Q.45

Q.46

38

©
KL?6 L
K0 + —— > mg.—.0
+ 2 > mg >
K>2mg/5L
B
.
- 2"
(A)
2
T = K20+ KL g B0k mg /L
4 2
2 3,
I=ml?/3= The = KLO = Keq :ZKL
1
w = Keq _E ﬁé
I 2{m
(D)
I
T, =2 A .
A= mgx @
I
T, =2 B
F " mg(0.25—-x) @
Eq. ()& (2)
3 1,(0.25-x) 3 9(0.25 - x
Y e — = — = [=
4 Ipx 4 4 X
2 _9(0252X), _0.20m
16 4 X
(A)

Point O ismoving as shown

Q.47

] Q48

So acc. Of particlew.r.t O

= (~ai+(az—0)j

S0 gy = OL12 +(9- 012)2
Sotimeperiod

=21 \/ ‘
(ag? +(g—ap)?)?

(A)
For small angular displacement (0)
Net torque on body = Ia

2
=(k,asinf)a+ (k,bsinb)b= {mLZ +%] a

kja? +k,b?

For small 6 => a=
— frequency = — k@ kgb®
Y = 2r V2mmr3)

®)

3sinA —sin(3A)

x =10sin¥(nt) ; [SinaA = 2

. w=10 {Ssin(nt);sin(Snt)}

30 . 10 .
:>X—Tsmnt— 2 sin 3nt

SoA I'td—ﬂ 10
mplitude= -~ ,

frequency =1/2, 3/2

)



JEE-ADVANCED
MCQ/COMPREHENSION/COLUMN MATCHING

Q.1 (A, D)_ i Xo(1—cos2amt)
X=X, 9n°wt=—————
2
Q2 (BCD)
— Kx X = 10 _ 2cm
Mg =KX, %o ~ 500 —

w= 299 _ 1045 rad
1 sec

. Maximumvelocity =Aw = 3x102x 10,/5
— 30./5 cm/sec. = Max™Acc’=Aw?= 15 m/s?

Q.3 (A,O
2t
Vzvocoswtzvocos7
.
"6
2 T V,
g=Vocos?.€=7° (A)

. . 2mt
a=aosmwt=aosm (?j
T

6

a=g,sin [ZT—R%] = @ =0.864a,
©

Q4 (B.CD)
—d
u=5x2-20x = F = —_ —-10(x —2)
dx
M.Patx=2m
Q5 B0

KE Average= %KA2 = mr’f?A?
PEAverage= mn2f2A2

Q.6 (A,B,C,D)
Aw?=g=0.40w?=10
b) Negative Extreme

Q.7 (A,B,D)
In S.H.M direction of v and amay be same or opposite
and aso direction of y and v may be samebut direction

Q.8

Q9

Q.10

Qu

Q.12

Q.13

Simple Harmonic Motion

of a and y never same because a = -w?y (always
opposite to y).
(B,C)

%KA2 :%xelO6 x10™ =100

.60 JPE.aMP

Max"K.E. =100 joule

Max™P.E. = 160 joule

(AB.C)
X = 55in(47rt +tant %)

(A,B,C)

Equationof SHM x—x =asin(wt+f) =x= x +
asin (wt +f)

(A) x=sin2wt

1
— — cos2 wt

1- costh] 1
2 2

(B) x=sin?wt = (T =

X 1— 1cosZwt
=XT5 77

(© x=sinwt+2coswt=sin(wt+f) {f=tan2}
So represent equation of S.H.M

(D) Butoinwt+ cos2 wt cannot writeassin (wt+f)

sinwt + cos2 wt dkssin (wt+f)
Soitisnot S.H.M equation

(BD)
x = 3sin100t + 4 (1 + cos100t)
_Eai -14
X =5sin (100t + tan™ 44) + 4
M.Pisat4withA=5
(ACD)
| =Acoswt | +2Acoswt j = x= A coswt,y=2A
COSWt SO y = 2X

|} |=Acocwt. 5 = 5 Acoswt

Somotionisat straight live, periodicand S.H.M

(B,CD)
v = o (A2 - x2) F=-Kx
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Simple Harmonic Motion

Q.14

Q.15

Q.16

Q.17

Q.18

Q.19

Q.20

40

a2 2
I VT jLa_zzA2 ---- Ellipse
(ABC)
V=WA & co:%:“
(@72%2321.57

(b) a = w?A =40

©v=w'A2 x> =2421

(B.D)
accelepation a=w2x

2
2n 2.5
m i —\W2A = | — —
ma&™ acceleration a, =WA= ( TJ 100
When block and platform are separated
a.=9=10 Q.21
4?1 2
— . — = 2= —_T=
T2 70 10 =T 100 T =p/10sec
B0
Giveny = (sinot+cosot)y = /2 sin (ot + n/4)
So A= mand & t=0y=1m
V2 y Q.22
(AQ)
V= ,/@,/(22 —1%) =1043 x+/3 =30ms
3
M.C.3x30=9xv pv=10m/s

10:\/982,/@2 -1) = A=2m

(A)
K
o= \/% = /200 rad/s

©

D)

(18t0 20)

M aximum extension the spring from natural positionis
X.

Then mg + ma = kx

_2(10 +5) 75
X= "0  -/°cm
Extension of the spring when it is stretched to

equilibriumlineisx'.

mg=kx
. 2x10 _5
= X 400 =aCm

ThereforeamplitudeA=x—-x'=2.5¢cm
If upward directionistaken aspositiveatt=0, x =—A
Usingx=Asin(ot+¢)
—-A=Asin¢
_3r

=7

(B,C,D)
Option ‘A" iswrong becauseit is not given o, = o,
Inoption ‘B’ theresultant displacementisgivenasx =

{ZAlcos@t} cos (ml ;mz j t

Inoption‘C’ theresultant amplitudeiszero.
Inoption ‘D’ theresultant amplitudeisA, +A, = 2A.

(A,B,C)
In option * A’ the resultant displacement ‘r is given as
As
r= [A12+A32]1/2 cosm,taongliney = A, X
1
2 12 As
r=[A2+A"coso,t = A, X

Inoption‘B’ x =A, cosm,t

3n )
y =A cos| @it +—- ory=A sinm,t

2
Thus, x> +y*=A?
dx )
V. = ot =—A 0, Snot

_dy _
= a =A,0,cosm,t
at=0,V =0, Vy = +ve hencethemotion isin counter
clockwisedirection



Q.23

Q.24

Q.25

Q.26

Q.27

Q.28

2 2
X y_l

EANEND S
A? A3
X=A, cosw,ty=A,cos(o,t+n/2)=—A,snot
V.=-A,0 shotandV =—A o, coso,t

velocity att=0V =0,V =-ve aax=A, ,y=0s0
motionisclockwise

Inoption ‘D’ themotionis SHM along astraight line.

Inoption‘C"

®)

Let o, =0,=®

Theresultant SHM is given as
x=Asn(ot+a)

A, sind,
wheretano = —Al T A,c0S5,
(B)

kK,
Keg= Kotk * i 1k,

60x 30
=20+30+

60130 _ [ON/m

®)
Keq=70N/m
m=0.7kg

= = -
® 10
atx =0vispositiveandy =0
. (A) is correct

(B)

m,v, =myv,

0.7x1=28xv,

v, =0.25m/s

A'®' =0.25
e

o = m2

=5

S A'=0.05m]

Q.29

Q.30

Q.31

Q.32

Q.33

Simple Harmonic Motion

(B)

(B)
Equilibrium position has shifted by x,= A
also = kx,=ma

70x0.1=0.7%x a
a=10 m/s?

: o 1
disatance moved by train in 10 sec = 5 at?

1
=5 X 10x (10)?

=500m
(B)
(A)

=5 mxA2w2

1
= E x 0.7 x 0.01 x 100

50% of energy is consumed in melting

.. 0.35 % =3.36 x10°

100
s m~5x107 kg
(A)r, B)p.(C)q,.(D)s
V. . =Ao

Vo, 2
= A=-me- 2T, 02)=0.20m
[0 27

T=2r |0 Tk 02k
=2n,/—=m=—=0.
k:> 472 g

Att=0.1, acc. is maximum

2
——wA=| 22| x02
=a =—0A=-— 02 .

= —200 m/g
=4

. 1
Maximum energy = 5 mVrﬁax

41



Simple Harmonic Motion

Q.34

Q.35

Q.36

42

(B)

ZT/\ /\\/ > ot

(a) KE T
| » ot

(b) PE T
| » ot

A
(c) TE » ot
T\ SN N\ ot

(d) velocity|

(A)ar B)ar (C)p (D)s
V2
Thevelocity-displacement relationisx? + — =A?
()

x? v?

7w o
whichmay beacircleif ® = 1. and dllipseif o = 1.
The acceleration —velocity relationis

v?2 a’

_— + —_—
w?A? %A
and ellipse of = 1.

Acceleration-displacement graph is straight and

acceleration time graph issinusoidal.
(sncea=—w?*x =—w?Asin (ot + ¢)

=1, which maybe acircleif ® =1

(A)p (B)q (©)p (D)s
(A) In frame of lift effective acceleration due to

3
gravityisg+%:?gdownwards
20
T=2n 39
k_9
B)Kl{=mg.. —==
(B) 9 =1

constant acceleration of lift hasno effect in time period
of oscillation.

1
((:)Tzzn,{m—goI = 2n
J m J(p/Z)M [¢
(D) T=2r oAg =2n PAg =2n 29

NUMERICAL VALUE BASED

Q.1

Q.2

Q.3

[x=2]

col 2
—6()—3sec.

[4]
The bob will execute SHM about a stationary axis
passing through AB. If itseffectivelengthis‘ ¢’ then T

7
21 4
Vg
pot .
_sine_\/zé
g =gcos®=g/,/2
T=2 %_E—ﬂ
" Vg "5 1
X=4.
[0005]

L et the piston are displaced by ‘X’
Processisothermal

P
. AP= —AV
o AP v
AP(A;-A
o APAL-A,)
m
[A, : Areaof upper piston

m=1.5kg]



Q4

Q5

Q6

Q.7

P
——(A;-A,) AV
V( 1 2)

P 2
= —(A;-A5)X
mV( 1—A))

P
>o0= ‘}W (A-A)

= T=0.5sec
6]

) 4ARx
F=—4F sin0=— 7
I R S S —

0 0
X

(1]
For stableequilibriumh<r=<1

(7
P,+p,gh+p,g(h—20)] =P, + p V?

h+ pg(h-20
o \/ng + pg(h-20)]

A

=4 m/sec

[8 sec]

m? X = rg Ax (1+cos0)

_|pAg(1+cosb)
7Y m

e . m
~ 1= T2 bAg(L+ cos6)

)
o m

pA (1+ cos0) [-p*~d]

Simple Harmonic Motion

200x73
=2 13.6x103x.5x10_4(1+\/2§]
=0.8sec
10T =8sec
Q8 [J

M
T=2n ?,Kocljl s K =4K & K,=4/K
M M
T,=2n R T,= (4K /3)

Q9  [1

A ?
K012\ 2Asing/2

w72 l

Maximum distance = 2A sin Q =(2A) (0.9 =18A

2
Q.10  [60N]
al
B —— Natural length position
X, Equilibrium position
/ /.
Fig. (a) | k(a+x) |

mg mg
Fig. (b) Fig. (c)

For equilibrium
1xg=kx,
Given o =25rad/sec.

’ JEJE
ere w= m— 1

rad?/sec?
Fig. (b)

wherek is spring constant.

= k=w?=625

43



Simple Harmonic Motion

For the maximum force spring should be maximum
compressed.
N, =49+k(x,+3d

=40+kx,+ka

40+ 10+ 625 16
=40+10+625x —
100

=60 newton

KVPY
PREVIOUS YEAR'S

Q1 (W)
InSHM
a=-m>

v=oVvA?—x?

v2 :mZ(Az—xz)

®°A? i o'A?
i.e.dlipse

Qz (A
Q3 (O

mg sind —F = ma

Fogmi s
5 r
_5gsing
7TR-r
59
7(R-r)

= a

7(R-r)

= T=2n 5 Q.6

Q4 (O
Speed of particle doing SHM decrease as it go away
from mean position. Timeduring which particleremain
inextreme position will belonger.

Q5 (D)
Block dlides downwards along theinclined planewith
accelerationg sin a.

44

A B

mg  Atequilibrium

\OL T=F.

mg SiNo.CoSo.

mg [1-sin? o] = mg cos’ a

mg cos’ a.
tan 6 = mg Sin a. coso.
tan 6 = cot o
tan 6 = tan (90 — o)
06=(90-)

string is perpendicular to inclined plane.

©

of, e _
T=2n 5L1+E) (Thisisvalid when 0 isnot small)

¢
To=2n a(forsmaile)
(. 0%
T=T,|1+—
°L +16)

T>T

0



Q7

Q.8

Q.9

©

V (PaiPre)d

TUZV(pAir_pHe)gggne

For small angular displacement (0)
TOZV(pAir_pHe)gge

lo=V [pAir_pHe] gro

Pre V o= [pAir_pHe.I t0g

Pair ~Pre |9
_ | Par—Pre |9
“= |: Phe :|€

o= [pair_pHejg
Pue )¢

_on E("He]
g g(pa'r_pHe)

(A)

time period will increase asthe amplitudeisincreases

O)

F =mE,=ma= a=E_ = constant

d:%a[2:>tocdt”2

_d_U— k 3 U 1 k 4
ax - X BV
Energy of oscillations will be
2
Exltmvziu=tm( ) 4Lt (1)
2 2 \dt 4

dx
If we pull i 0 in above equation, we will get

/4E
amplitude asA = 47 (2

Also on rearranging equation (1), we get

Simple Harmonic Motion

m k -1/2
dt = +dx f— (l——x“j
2E 4E

/4E
Now, use A=} e to reduce above equation as

2m X a\"V2
s B 2]
k A

The time period can be found by integrating above
equation.

A 2 4 -1/2
T=4fdx /—mA-Z[l—(ij j
Ik A

Putizu:>dx=Adu

A
) B 2m 1 2\-V2
..T_4/TA (A)J;du(l—u)

2m
T:4\/;A )

1
Where| = I(l— u*)™ duis anumerical value
0

So from above equation T oc A2

LA T
T, A 2

JEE-MAIN

PREVIOUS YEAR'S

@
K g = 2K +2K =4K

rea [
~ a4k
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Simple Harmonic Motion

Q.3

Q4

Q5
Q.6

Q.7

46

@
If displaced from equilibrium position,

GMmr
res towards equilibrium R3

F j coso

Ellipse is the correct graph.

@

(1)

Kx=Ma
F+Kx=MaB
F+Ma=MaB

L
[7]
2 '8

S 1 1
Oscillation is | 5 +

-
For half oscilation, timerequired will be >

LLLLLY LS

Q8

Q.9

Q.10

Q.11

Q.12

0 = a, Sinot
2 o
Zsmo)
ot=—=
T
12
T T 7T
2 12 12
(3

V=0./A% - x?
£ o fntox

solving we get

J3A

X= ——
2

(1)
Toon |0 gz L 2K
TNk T 22\ m

[15]
per=2

C _3x10°

=15x 10’ m/s
n 2

@
Velocity at mean position is = Aw®
Conserving momentum MAwg = (M + m)V'

MA®,
“M+m

Vi AV M m

K
MA \/m \/T
A'= X = |————A
M +m K (M +m)

@

V= w\/AZ - x2




Simple Harmonic Motion

M

v
T =2
>~ VK2
TN o x T =
> 2=
=>Xx=2
Q13 4 Q.17 (Bonus)
When lift is stationary A=Ag"
b
TZZZ\/E 2= 120
g 0.693x2x1 b
When liftismoving upwards 120 B
= Pseudo force acts downwards 1.16 x 102 kg/sec.
_..9 3
=geff=g+5==" Q.18 (4)

= New time period A0 = A0,
k k
o L
T=2n L:27t % V'm *Y'm
I nfe
> A, “\k,

T'. =T
3
Q.19 (6)
Q14 (1) T =2sec. : A=/2
bt 0
A=A ert= Ae 2m l
=T/12
A & '
2 AR L2_1
bt 12 6
o In2 .. Correct answer = 6.00
b 20
- . T
t = 34.65 second. (1) sin(wt) + cos (ot) = NG sm[mt +Zj
Q.15 (3) SHM
KE = PE
1 1 T_2"
2 mw? (A% —x?) = Emo)2 X2 ®
A2 _x2 = x2 (2) cos(omt) + cos (2mt) + cos (3mt)
%2 = A2 Periodic but Non-harmonic
LS T=LCM of (T, T, T,)
\/E 2t 2n 2=n
=LCM of o' % 30
Q.16 (2
2n
M il
Ta = 27'5 ? 0)

47



Simple Harmonic Motion

1-cos(2ot) 1 cos(2wt) Q30 )
2 2 2 Q31 (@
Periodic and Harmonic

(3) sin?(ot) =

Q32
_m_r
20 o Q.33 [1]
But the given equation does not obey the differential
equation of SHM. So it isnot an SHM. Q34 [2
Y
T 20t Q35 [g
(4) 3cos (4 j
SHM Q36 @
T_n_7 Q37 @
20 o Form potential energy curve
Q21 (1) U, =%kA2 :>1O=%k(2)2
2 @ =k=5
Q ( ) NOW Tspring = Tpendulum
T=2nrllg
Whenbobisimmersedinliquid 2n\/§ = 2;;\/5
mg,,, = mg — Buoyant force (c = density of liquid) S g
P
=mg-v-—9 =1= f:g:4onplanet
4 g
_ Mg _3mg Option (3)
M Ty
JEE-ADVANCED
C QT PREVIOUS YEEAR'S
Q1  (A).(D)
7 .
Tooom L €1=f+£=ﬂ,€df=§ torque is same for both the cases.
! Gt 3 3 4
By solving
4
Tl = §2TE g/g
4T
T = 3
Q.23 (4)
Q24 (& T=o2n |
mgd
Q25 @
I>1
Q26 (2) 0, < o,
Q27
Q.28 (10
Q29 (@

48



Q.2

Q.3

(D)

.
*
HI|
o

c
‘........

AP®)
x=0

P = max x T and P

at highest point
P =0, x =max

Q4
x { and P?

©
In 1st case amplitude of SHM isa.
In 2nd case amplitude of SHM is2a

1
Total energy = 2 k(amplitude)?
1
E,= > k(2a)?

1
E,= > k(@)?

Alternative :
Linear momentum P=mv

=110 IAZ _ X2
= P=mfe? (A?-Xx?)
= PP+ (mo)>C=mPu?A? ..()
Equation of circle (bigger)
P2 +x2=(2a)?
P2+ x2=42 (D)
Equation of circle (smaller) 05
PP+x2=2a (i) ’
Comparing (i) and (i)
Amplitude A=2a

1
and (Mw)?’=1 = mo? = m

1 5.2
—mo“ (A
> (A)

Simple Harmonic Motion

1
So energy E, = Emcoz(Za)2

= li><(4a.2)
2m

_2a®
m

Comparing (i) and (iii)
A=a

1
(Mw)?=1 = mw?>=—
m

N |~
3N|9’~
3%

1 2,2 1.1,
SOE. = —mMwA° = —x—a“ =
2 2 2 m

N | =

B)
Linear momentum
P=mv

= movA? —x?
= P+ mPwZ=mPn?A?
representsacircle on P—x diagramwith radiusof circle
R=A (. mPw?=1)

Momentum

/ -\ Position
® of spring mass system remains constant and equal

/k
to 4\ —
m

Amplitude of oscillation inside liquid will decrease
due to viscous force

So radius of circular arcs will decrease as position
change

Correctly shown in option B

®)

A

49



Simple Harmonic Motion

4
So B =A, ¢=24°=?

Q6 (A
Timeof flight for projectile

2usin®

9

u="r,
u=./50 mis

Q.7 (A,D)
X = Asinot

0A
V= Amcosnt= 7

) 2 '/m w m
for(C)tlme=? 2
_ 5% m
6 Vk

for (D) time= E\/E+TC\/E
or (D) time= 3k ”

_>omt |m
“3Vk

50

Q.8

Q.9

MA /L =(M+m)A’ K
M M +m

lkAZM
2M+m

E‘:%(M+ mao? A? =

k
M +m
Casell : ,amplitudewill not change.

E'= kAl

= V'=

- LT
block returnsto original positionin — = TwSeC

2
2m/s
—_ 0
1kg 2k9m66’|

2/3m/2 4/3m/s

d= %(n) - %(3.14) - 2,0933m

d=209m

Just before collision

1kg| ([2kg 771756151 Just before collision



String Waves

| EXERCISES |

ELEMENTARY

Q.1

Q.2
Q.3

Q4

Q5

Q6
Q7
Q8
Q9
Q.10
Q.1
Q.12

Q.13

Q.14

@
€]
€]
. A AT
Pathdifference A= —x¢ = 1=——x- =1=4m

21 2n 2
Hence v=ni =120 x 4=480m/s

&)

(3) Thegiven equation representing awavetravelling
along -y direction (because‘+' signisgiven between
ttermand x term). On comparing itwithx =A sin (ot +

ky)

_ 2x3.14
12.56

0.5m

We get k=%=12.56 = A
@
(4 Comparing with standard wave equation
y= asinﬁ(vt—x) ,
A
weget, v=200m/s
©)
@
@
©)
@
@
@
4

(3)
(3)String vibrates in

§X:I3K:£|
2 5

five segment so

Hence n=" =5x Y =5x 22
enee Ty T 2x10

=5Hz

Q15 @
1 [T JT
n=—,[—=noc—
@ 2|\E 7
2 2 2
LT (n)(L :(2)2@ _9
T, \n )\ 4 4
Q16 (3
(3)n,l, =nl,=800x50=1000x%1,=1,=40cm
Q17 (2
(2 Given equation of stationary waveis
y = sin 2nx cos 2xnt, comparing it with standard
equation)FZASin%COSﬂ
A A
Wehave%ZZTCXS?»:]J’n
Minimum  distance  of string  (first
ode) L —&—Em
m e) min 2 2
JEE-MAIN
OBJECTIVE QUESTIONS
Q1L (@
5\
As7=20:>x=80m
(o 2n 31
A 4
KV —2% x350=27475
= ——5 X =
@ 8x107
314
Cy= in | —— X —27475t
Y 0.058”1[ 2 j
Q2

1

V=1 (59

1
Y= 14 (x—2v)? (t=

Now comparing
X—2v=x-1

2)

51
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Q.3

Q4

Q5

Q6

Q7

Q.8

Q.9

Q.10

Q.11

52

m
v=05—
Sec

@

meax =Ao=Y 2rf=4V
ot

_a 2n . _ Y

Y027'cf—4T R 7\.—7

2
Put a, B, A, x and t in the equation

E-056 .
, =06

2nf=12sect

L 12.56 x180
6 3.14
y=7.5cmsin750°=3.75cm.

ox + Bt+ +30="750°

o =apous [0

== = oaX +Bt+—

V=" =Apcos p 5
V3

=75x%x12x% - =77.94 cm/sec.

@
o =2nf=4rx sec?
2

K=7 =2nnrt

= y=0.5c0s(2nx + 4nt)

©)

Clear fromthefigure

@
Standard equation

@
Solid and in stretched string

@
Comparewithy =A sin (ot—Kx)

(O]
y=Asin(ot—kx +¢)

at=0andx=0 y=-05

1 . T
— = =sin ==
= 5 b= ¢ 6

(4)
v=Af

Q.12

Q.13

Q.14

Q.15

Q.16

Q.17

10=1100
X:im
10
Ap=2T10x 22 T
1 7100 2

©)
Thelength 0.25 m correspondsto 2.5 A

0.25=0.251
A=0.1m
_2n
T01
V=\f
330=0.1f
= f=3300
= o=27x3300
y=Asin(wt-kx)

=O.253in(3300>< ZEI—EXJ
0.1
=0.25sin 2n(3300t —lOX)

@
Path differenceis A between B and G.

@
A=04m
v=A.f = v=1m/s

)
\% oc

8ol s

649 %
Viaa = \10x10° ~ 80

3.29

Voo = \[gu10” = V4 ZOJ_ sec

@

1.6
V= 10x 10_3 = . [1600 =40m/s



Q.18

Q.19

Q.20

Q.21

Q.22

2 2\Y2
m +a
= Im(g : )

Solve(1) and (2)

m
sa=4.1 >
sec

(O]
= \/f =
p

@

A
Distance between boat = 2 =10m

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

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=25sopeis-ve

@

yzﬂsin 200nt- =
T 17

comparing with

y =Asin(ot-kx)

©=20007=2F
=

= T=10%sec
Maximum velocity = Ao

10, 50007x10°

T
=200m/s

AoAT
Put valuesV =70 m/s

Q.23

Q.24

Q.25

@
T 10
v= E = 1x10° =100m/s

t= m =0.01s

©)
Wavelength at lower endis0.08 m

T
Velocity of wave on string = \/; .

15 45
10
Tension at lower end = T=50N

Tension at upper end = T=200N

/ 50
Iower
upper \ .

Y
frequency is constant hence k—l = x
1

J50 200
0.08 A

= A=2x0.08 =0.16m.

©)

LU i

/

I T=hLxX
100= 4/107 T=100N

B

String Waves
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Q.27

Q.28

Q.29

Q.30

Q.31

Q.32

Q.33

Q.34

Q.35

54

Q.36
. Q.37

@Q

Q.38
T=mgsin30°=100
m=20kg
)
By defination
©)
As<P>=2r2f2A%pnv put values

100
= 2 2
90=2x10%xf2x25x 10%%x 4 x 10" 23107
= f=30Hz
@
2
2

PaA 040 22 = P=1.6 watt
@
By definition
©)
Amplitude varies between A, + A t0A —A,

Q.39
@
Aznet-(y +y )?*for o=0
: =2y, = | aA% ady ?c 4
Where | = Intensity of e|ther wave
Q)
| =2m2A%2pV
| =2(3.14)?(108)2x (2 x 10%)%(1.3) (340)
=3.5x 10°wm?
4
Resultant wave amplitude — depends on phase
difference
Ifpd=2nt = A __=2A
pd=@2n+)n =A__=0 Q.40

©)

Resultant amplitude depends on ¢

A= A% + A +2AA, COS
Frequency of the resulting waveis same.

(4)
The waves will pass through each other without any
changein their shape.

©)

Second string is denser so speed will decreases.

@

1777

1 cm/s
—_

|
2cm :
|
|
S
V,<V,
= N<A



Q.41

Q.42

Q.43

Q.44

Q.45

(2)
Asx=0isnode = standingwaveshouldbe y=2a
sinkx sin wt

Now solve

(©)

LY LI 420

20 \p 20 B
n__3%0 5. 2% o =22
nil 420 =" =t=A="g
v o2 vt et on
f~5 7 57 T PN

@

Atx = -5 andx = 2%

X1= g IX= o0

Nodes are not formed because neither x, nor x, gives
sinkx=0

_ _ r
AX—XZ—Xl— &

A
Asthis Ax is between A and E

S
n
and¢2:KAx:?
91 6
¢ 7

T, p2 13 / 11 1
T TS 2Xx—X— = —
P1 g 2 4 2
€
f-ﬂ k——-£-40cm
S TM Y T2 T

Q.46

Q.47

Q.48

Q.49

String Waves

(1)
Satisfy the standard equation of wave.

@

2
V= §><300 =200m/s

\\\\\

@

y=10sin27 (100t—0.02x) +10sin2x (100t + 0.02x)
=2x%108n200 rtt cos 2 (0.02)x

200nt=w

2n
21 x0.002= 7

A
loop length = >

)
n=9x10°kg
T=360N

frequency—n—v
S22

nv
—=210
Hence oL

(n+1)v
2L

n__21
n+1 28
3n=21
n=3
In first case
2L
3
_3
2

=280

28n=21x+21

A

L

A

A loopisformedinlength >

Hence no. of loops are 3

55
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Q.50

Q.51

Q.52

Q.53

56

@

y =acoskx sin ot
compareit with

y = 2A coskx sin ot

a
A= 3 (Amplitude of each wave)

S
T2 T3
M o'\/\ ~~~~~~ X
_o f_275V.3_3TCV
R TH
x=0 is node

. . . 3mX
= amplitude=Asinkx =Asin —

L
- [ 3nx 3nve
y(x, ) =Asin |~ cos L

@

}”1

—2 =2cm = A, =4cm

7\‘2

—2 =1l6cm= A,=32cm

n Ve l_n

R T VIR VY

\Y n+1
- (nZJ;l) sz_::k_lz:( 2/)
1 1.1
=, A 2
Ay XA

Q54 (3)

y = 0.02 cos (10x x). cos (50 t + g)

Now,
o=50n =2nf

2

f=25Hz and10n=7

1
= A= g m
For antinode
cos(10nx) = +1
For Nodecos(10tx) =0

JEE-ADVANCED
OBJECTIVE QUESTIONS
Q1 (A
Z = e—(x+2)22 = e—(2—x)2
t=0t=1
General equation
Z== e—(x—vt+2)2
at=1s
—vt+2=-2
and positivex direction
v=4m/s

Q2 (©
fA >4 10
= =— X
v 60
=9 m/sec.

Q3 (A

f

Asf =f, f,= > f,=f
oo, =2nf = o, =2nf
and o, =nf

Q4 (O

Satisfy the standard equation of wave

Q5 (A



Q6

Q7

Let P loops and q loops are formed respectively Q-8

1% and 2" wire.
pP,_a p_1
20 Vit Ve g7

(A)

If T=mg=vpg
f—i — =300
20 \p ~
..... 1)
, \%
Now T =mg—fb=Vpg—E 0.
2p-1
T':Vg( g ]
_1 Jvg(2-1
f= 2\ 2 2

de m ’R2
oTZ = = Rdp.wR T= MOR
2 14 /
T
T L
V:\/:: /n:(DRZ.'V—O)—
un ! 2
ol
®) V=%,
_ oL ol ol
Ve =Vee on ~“VeeT ox T on
oL oL
Vs on 2Vpe= "

Q.9

Q.10

Q.11

String Waves

(B)

For the pulse

g _ o

dx X dx t
E:\/X—gﬁlﬁ:\/glon

t= 2>

9
(1)

for the particle

Lx—lt2
_2g

_ 2(L—x)
t‘\/ g

2
fromequation (1) & (2)

L
= . X= 3 from the bottom

(©)

L 2n 10
Ve =A0=5 = A5 =52 A=,

T
V= 1/— =20
u

= T=(20)2p=(20)>x0.2=80N

(B)

YA 1 [vas
As,T= 20 4:>V0—m Zo.u ....... D
, 1 YA S
andT' = 55 6=V =55 150 @
v _24 6
Vo T 26 4

Vi >y,

57
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Q.12

Q.13

Q.14

Q.15

Q.16

58

(A)

P, = 2m?A%7v 2n°fuv,.36
In|t|aIIyP 2ePA 2uv .. (D) =
as frequency depends only on source. So, it is not K,
change then P =224V,
& — 2N 2f 2 - 2 2f2 4MV1 =
> = 212A%f 2uv . (2 P, = 2n2(4)%2. > =K, x 32
o A2
divide(1)/(2) > 2= .2 = 132,100 & s
K, x K, x 36
azlo
2 Q17 (©
C /T
© Givenv= /" ,T,=T, and
4 u
4
I Ho =4,
\"
10 = 3 _ 1
7 then v, = 2
Resultant Amplitude = /32 + 42 =5um Frequency doesn’t change that is
(Dl:(DZ
© Then
Asy=Asin(Kx—ot+30°) for incident wave
Now for reflected wave : Energy o Amp? ®, O
- Y=0.8Asn(-Kx—ot+30+180) K,= V_ Y /2 =2K,
Y =0.8A sin (-Kx— ot + 210) 2 1
Y =-0.8Asin (kx + ot—210)
Y =-0.8Asin[Kx + ot—30—180] A [ 2V, jA. _ 22 a2,
Y =0.8Asin[180— (KX + ot —30)] t Vi+V, ViV, /2 3
Y =0.8Asin (Kx +wt—30) Then equation of transmitted wave
© y, = ZAi cos(2k, X — o, t)
Vl V2 3
—  sssSSaaE——
H 4 Q18 (O

y=6sn (5t +40x)

1 [T 1 T,
T h=20 =20, \m
1
H { {fl(l 20a)
T v Vi/2-V o |

T =(1-10a) (By Binomial theorem)

2v, .
A =4mm 2~
t\Vy+V, o= "0 1 =10*4°C?*
Reflected there will be phase difference of =.
y=-—2sin(5t—40x) Q.19 (D)
(B) 1T 1 [YAa AT
P=2m?A%2uy P = 272(6) v, "Z20 \n " M
Put values
n=11Hz



Q.20

Q.21

Q.22

Q.23

Q.24

©
£

\Y

\ \
n=—m Ny =—— -
1 20 2 20, and n= 2 (for completelength

of wire)
ASL=1( +0,+...

\Vj \% \%

%zz_nl-"_an +...

1 1 1

— =+ +..
n nhp nNp

®

_L m—256 1
= x40 | g 220 o )

1 mg —f,
f= 1/— =256
2x22 15

f

=V for either component waves

©

K= 00257 = 2% 5 = 2om
TS AT 0,025
Required length = = = —~— = 40
equired length = > = Doz5 -40cm
(A)

St gy N1 I—288

20 B ? TR

Q.25

Q.26

Q.27

Q.28

String Waves

PutL =75cm
.V = 144 m/sec.

(©)

4)
For third overtone > =/

V4
= A=/ = =
2
Asx =0isanode
27

A =Asn o X

N

T

=asin|—
A
2

S

1
Z|l=a
3

©

v:\/f: [4.5x107
n 0.05

n [45x10’

o T =420

20 " 0.05

b

n+l [45x107 _
20 0.05

490 )

. n 6
Fromequation (1) & (2) = el 7 > n=6

6
Putnin(1) .. >/ 3x102=420

30000 1500
(= l=

=214 cm

140 7

1 [9x10° x5x10714
= =35Hz

2 9x103

(B)

Inwire B tension T, density p,
radius=r

So, M, = nr?,lp

= Mg =Py

InwireA T, =2T,



String Waves

Pa=2pg T, =20y Q32 (O
m, = n(2r,)*/p, = 8nr*,p ! 20
“‘A = 8TCrZBpB = 8”’B y :A Sn (? T[:Xj COS(IOOORt)
S N LS /ﬂ_iﬁ [
AT 20\ s 20\ 8ug  20\2)\ g Asin Enx _A
3 2
1 T,
_ — |-B f o= 20 n 5t 7n 1llzn
f,= =f :f,=1:2 ax ==, 2 28
B 2/ Ug A"'B 3 T 61 6 ’ 6 ’ 6
Q.29 (D) 1 5 7
X=E 1 1 A
\Y
f=?oc\/?,f=Kﬁinwater 40740740
1
£ X====5cm
5= KT, 20
T=mg 33 (O
T,=TiA Q ®)
mg-—vp g=mg/4 ve 100 —100m/s
3mg 0.01
vV.p, 9= T (1)
2 ——V
v=5x300 =200m's f 2/
f,.=50Hz100Hz 150Hz
3= K(T, Cof
T :T 1 2 '3
2 . 9 — /9 (2n+1)
mg-vp,.g=mg foropenf=74€ \Y
8mg
vpg= T (2)
f,.=25H,75H,,125H,
p, 8x4 32 n,n n
@M, "9.3 27 o
Q30 (A) Q34 (B
Giveny, =acos(kx —ot)
f= MV if x = 0isanodethere amplitude of standing wave be
20 have
V (n+1 A =2A sinkx
= =5 v y, =—acos (kx + ot)
A Y.y, = a[cos (kx —wt) —cos (kx + wt)
20 =—acos(kx + ot)
= M
JEE-ADVANCED
— d= r = 4 MCQ/COMPREHENSION/COLUMN MATCHING
4 2(n+1) o1 (A.D)
= 2dn+1) =/ ’ X ; _ _
031 (B) Compare with y = A cos (ot — kx)
_TA T A Q2 (AB.CD)
y= mﬂ A -y Compare withy = asin (ot + Kx)
1 [T 1 [yoATA Q3 (A0
=20u =20 o v 10
V o =Ao= 10 =103 2xnf = 10
1 |y.oAT
20 p 1000
= f=—F—Hz
2n
f o y?“ Now V =f 2 find .

60



Q.4

Q5

Q.6

Q.7

Q.8

(A,B,C,D) v
Given that - VX9
y =10sin (60t + 2x) ] .
A vdv g g
compareitwithy =A sin (ot + kx) a:_:\/ﬁx =2 =2 - congtant
dx 2\ X 2
@ v—2=@ =30 m/s—vedirection
Tk 2 Q.9 (B,C)
A=Ax+B
2t 2n at
b) A=—=—1=n
(b) k 2 x=0,1=0
.. B=0
o 30
=—=— So, A=A
(o f o - Hz X
= ZT
(@ A=10%m LAY g
©
forx=4m [
. T
y:28|n(87t—100nt+§)
. T
=—23m(1007ct—§) [atx=L]
A, =AL
— oq r A
0——25|n(100nt—3) - A:TO
1
- A
=300 ® = x
(A,B,D)
y =cos(500t—-70x)
500 50
V=0 7 M
Ao
- | —=xdx 3
(. © _500 250 T‘!L ?
T 2n 2=n T
2t 2=n T:k—0 x*
k=?=%><102cm L 2gx3
A= & cm. Qlo (A!B)
7 y=2sin(nx) sin (100 7t t)
0
(C,D) v, = a—z =2x 1000t sin (mx) cos (100 =t)
ﬂ:_va_y (@ Max. Displacement
ot oX
2an <)
=2sin =
(B,D) 6

String Waves
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Q.14 (AB,CD)

1 1 . .
(b) Velocity of the particle at x = B M t= 600 Comparewithy = A sin Kx cos ot
sec. Q.15 (A,D)
1 Use principle of superposition
_ T 1007 x
v=2x1000r sin 6 C0S 600 Q.16 (A,C)
Va
=157+3 cm/sec JT
© k=n = A=2cm fa JT
5x
5I00p=7=50m. Y
f T _ 10
f+15 ~ 21T | 11
11 (AD T+
Q (AD) 100
A:{ 2V, } 11f = 10f + 150
vVt vy T f=150Hz
. . Q.17 (C,D)
The phase of transmitted wave is same as that of
incident wave. T T
Vw: — =T 2
Vy, —Vy PA prr
A=V, +v, | A
R 2 N
Phase of reflected wave depends upon v, and v, V', = 2pm(2r)> va
Q.12 (CD)
A, = IBA-A|=2A f’Az\é—t
A _ =A+3A=4A
. . . .. n n
Distance between maximum and adjacent minima = = v,'= —f, =
| f 220) XVy 1 fu =3rd overtone
Ao 1(v
LY Q.18 (A,C
i=4lf) A9

Q.13 (A,B,C,D)

o« uAZw?L
2 2f2
Compare withy = A cos (w”g] cos (kx) * ;l ZA (@ry L
oC
i.e. y=AsnotcosKx Q19 (AD)
©=50n k=107, v=5ms ’
Q20 (©
2n
— =10~x
A Q21 (BC)
1 A 3x
A= 5= 0.2 m Position of antinode = 0, > A PR Q22 (CD)
o __,
2 ot~ Vw oax
=0,01,0203
position of node = 0.05, 0.15, 0.25, v, = Negative
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Q.23
Q.24

Q.25

Q.26

Q.27

(D)
(B)

®
(23-29)

Medium of string BC isdenser. These will be n phase
difference between reflected and transmitted wave.

Mo _Va_ [M2

Ao Vy My

w4

Now — ==

Hp 9
V2= V1

Ar _ VitV _Vo-vy 1

AT 2v, Aj T2y, 4
V4V,

(AR B)P (O)S (D)Q
o . Ly
Usex = 0; t =0 for y and particle velocity ot . Like

for (@),y=0ax=0andt=0. % > 0i.e. positive

therefore it matches with (R).

(A) pass (B)s (C)ars (D) st

(A) Number of loops (of length A/2) will be even or
odd and node or antinode will respectively beformed
at the middle.

Phase of difference between two particlein sameloop
will be zero and that between two particlesin adjacent
loopswill ber.

(B) and (D) Number of loops will not be integral.
Hence neither a node nor an antinode will be formed
inin the middle.

Phase of difference between two particlein sameloop
will be zero and that between two particlesin adjacent
loopswill ber.

A pulseisstarted at atimet = 0 along the +x direction
on along, taut string. The shape of the pulseatt =0
isgiven by function f(x) with

String Waves

X

Z+1 for —4<x<0
f(x)=9-x+1 for O<x<1
0 otherwise

here f and x are in centimeters. The linear mass
density of thestringis50 g/manditisunder atension
of BN,

NUMERICAL VALUE BASED

Q.1 [0500]
T
P Vw75 5
(8 Given Py, = L V2773
Pre
Here fifth harmonic of Fe = third harmonic of Al
wire.
(b) Using P =5;f=
5 75nx4
5 3 =9500Hz
2x1\3.14x10°x7.5x10
Q.2 [60HZ]
Q3 [25H7]
© 4
‘ cos0 = —
5 4 >
mg = 2T cos0
T= mg = I =100 m/
~2c0s0' " \p " S
%:6m
2
A=4m
3T
V= 2L\ =25Hg
Q4 [25kg]
_ oM _Z
= 2 hT
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Stress = Young's modulus x Strain

5 |99
Now, f = 2 T (D) = =
3 |mg 4 f
f==.— ...(2) %%
AV % N -
Y9x5 = Jm x3
Tension = Stress x Area
Jm =5= m=25kg =(2x10%) - (242x 1074 - (1009 N
=484 N
Q5  [22HZ] The vibration here
The point pluckes would be an anti-node. As can be
Q.6 [4HZ] seen, the string will vibrate in its second harmonci.

When student stands at middle

o 2 [T [484
JUUPEEE Ve = [ = ooH,
, 2.\M  Voa1

- -

5m
Y Q.9 [375HZ]
E =5m,A=10m
_ 1 /T
wave velocity v =vA =20m/s f= 20 VpA @
when student stands at 1.25 m
Lo e m ,
e T AL =P e (2
1.25m T
MA=125m; 2\ =5m G—A ............ 3
v 20 iH
AY] = = = Z T
A5 fz= — P =375 Hz
2m \ o
Q.7 [0007] Q.10 [1]
3015 3 3
-V =— u= 107kg =10 kg/m
mo9 | (metre) I
T ~mg =(1) (10)=10N
340+V = x2=342
S T / 10
Vg =7m/s
Q8 [27 u[wwuz/
V4m 1/4m
AL:LO-a-AT:—(1><1.21><1Or5><20) C
_ 4 | metre pA
=—-242 x 10- m=1gm vam
= Strain=2.42x 104 1kg N
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102/l =100%

KVPY
PREVIOUS YEAR'S
Q1 (D
Q2 ®)
y = A sin(kx — ot)
at x =0.025, y =0.02
V=VA
100 1
“500 5

00 = .(232
y=0.02 =Asin "4

_(5n
y=0.002=Asm(7j

=A=0.02m

- y=0.02sn(kx—ot)

=0.02sn(10 7 x 0.2—10007 x 5% 107
=0.02sin[2r-0.57]

3rn

=0.02sin (?j =-0.02m

Q3

B)
T uxg

V= |—= BX8_
o u X

herex = distance from lower end
Nowv?=gx = v2=0?+2ax
= u=0anda=g/2 (constant)

2X
so t= ,/? = Tota timetoc /L

JEE-MAIN
PREVIOUS YEAR'S

Q1 [
V=

T
u

=7 nT=2 4
V=2 (0T =2

String Waves

b & o 1T
v 2T
dv 1
%— == x4=2%
2
Q2 [2N]
V=— 30m/s
T K
T
VI
1
(30)% x (0.325) x 1073
T=v2xu= -
10
=900 x 3.25 x 107
T=29.25N
Q3 (M
travelling wavefunctionisf(t £ x/v)
Q4 (4
o=2rf
=15x10®
6
A:E =3cm=0.03m
Q5 [2
Q6
Q7 1
Q8 [
Q9  [10
JEE-ADVANCED

PREVIOUS YEAR'S

Q1

B0
(A) Thereare5 completeloops.

|

TTTT777TTT7 47T T7TT777777

|

Total number of nodes = 6
(B) ® =628 sec™
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Q.2

Q.3

66

k=628mi= 25 o h=
=628mt=—~ = 10
Lo _68
VuTK Te28 TS
5\
L=—=0.25
2
(C) 2A =0.01 = maximum amplitude of antinode Q4
D)f= == —o0H
)= 2, = 2x0.25 ~20H2z
(A),(©), (D)
V =100m/s
3m
Ant.inode
Node
Possible modes of vibration
A
=(2n+1) ~
£=(n+1)
__12
A= onsp ™
K= 2n 2n _(2n+Dr
T A T 12/2n+1) T 6

n  (2n+1)50xn
o=vk=100(2n+1) 5= 3

3
if n=0 k= —
if n= ==
6 Q5
_507[
®="3
_1 k—ﬂ
n= ~ 6
_250=
®="3
5n
=7 k= —
: 2
0=250n
(BD)

T
V = \/% , S0 speed at any position will be same for

both pulses, therefore time taken by both pulses will
be same.

\/
Af :v:>k:f—:>7»OCV, since when pulse 1

reaches at A, speed decreases therefore ). decreases.
At mid point, magnitude of velocity is same, but
direction will be opposite. Hence velocity will be in
opposite direction.

(A)

For fundamental mode

=L=>Ar=2L

N | >

L

v_ 1T
f_k 2L\

For string (1)

ol o
0_2L M:>()

For string (2)

= L T _fo R
RETIR PTIN Radl)
For string (3)

ot T _fo
TR PR Nad

(A)

For string (1)

Lengthof string=L,

Itisvibratingin 1st harmonici.e. fundamental mode.

1%
f,= 2L, \ = (P)

L
For string (2)

3L
Length of string = 70

Itisvibratingin 1™ harmonic but frequency isstill f .
3v

fy= -

2L



SE S
= 2(3L0j 2
2
OO LA
- = T W~ = -
0 Lo H 2|‘0 n
T
=T,=2 =©Q

For string (3)

0

, 5L
Length of string = 2

Itisvibrating in 5th harmonic but frequency isstill f .

Y
=30

T31 3“
5L,
4

XK AKAKD

N
|

5 [L_1 F
=>f,= 2(5"—0) 3u 2L\ p
4

2T_1 T
L\ 2L,\n
3T,

=20
T,= 6 = (T)
For string (4)

0

Length of string =

String Waves

it is vibrating in 14" harmonic but frequency is till

f.

0

f =

_ v
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Sound

ELEMENTARY
Q1 (@
(1) Timerequired for apoint to move from maximum
) , ) T 1
displacement to zero displacement is t = 2 = n
:n:i: 1 =147 Hz
4t  4x0.170

Q.2

Q.3

Q.4

Q5

Q.6

Q7

Q.8

68

(1)
(1) Thetime taken by the stone to reach the lake

t1=\/@=mzlosec(udng h=ut+%9tzj

Now time taken by sound from lake to the man

t2:2=@z1.5360
v 340
= Total time=t +t,=10+1.5=11.5sec.
(4)
n:@ v 960

=60Hz >A=—=—=16m
n 60

@

v=2 2 g
2n

@

T T
JT=Yeo 2500 z
v v, \T, (273+0)

=T,=273x4=1092K =819°C

@

Speed of sound in gases is given by
o IR et v [me
M M v, m,

(2)
L =10|ogm[llJ ~30=1-10°

0 0

Q.10

Q.11

Q.12

Q.13

(4)
A, =+JA,+A, = A2, frequency will remain same

i.em

@

|
=5, =10=> L = =
% % | 5-10 1

- E:t:; (5+10)2 9

)

Suppose two tuning forks are named A and B with

frequenciesn, = 256 Hz (known), n, = ? (unknown),

and beat frequency x = 4 bps.
Known

Unknown

Na N

X bps

Frequency of unknown tuning fork may be
n,=256+4=260Hz
or =256-4=252Hz
It is given that on sounding waxed fork A (fork of
frequency 256 Hz) and fork B, number of beats (beat
frequency) increases. It means that with decrease in
frequency of A, the difference in new frequency of A
and thefrequency of B hasincreased. Thisispossible
only when the frequency of A while decreasing is
moving away from the frequency of B.
Thisispossibleonly if n, =260 Hz.

)

The tuning fork whose frequency is being tested
produces 2 beats with oscillator at 514 Hz, therefore,
frequency of tuning fork may either be 512 or 516.
With oscillator frequency 510 it gives 6 beats/sec,
therefore frequency of tuning fork may be either 516
or 504.

Therefore, the actual frequency is516 Hz which gives
2 beats/sec with 514 Hz and 6 beats/sec with 510 Hz.



Q.14 (1)

A N AN
N€& t = t -

— 1.21f ———

Q5

Q15 (2

Minimum audiblefrequency =20 Hz.

= V005130 _4om

4 4% 20

Q16 @
Q17

n'=n| — =1200><[ 350 ):1400cps

V—Vg 350-50

Q18 (3

Since thereis no relative motion between the listener Q6
and source, hence actual frequency will be heard by

listener.
Q19 @B

By using n':( Y ]3 2n=n( v J:WS:X

V=V V—Vg 2

JEE-MAIN
OBJECTIVE QUESTIONS Q.7
Q1 @

Frequency depends on source not on medium.

2 i)
Q @ 08
v
N= % T15x10° ~ 15
V. _=Awp=5x103x @ x 2
max VO = 15 T
22

=70><2><7><1(T3 = .44m/sec.
Q3 (@

fl 7\'1 = f2 }\'2

(300) (1) =(f) (1.5

200Hz=f, Q.9
Q4 (2

i h d - %

time to reach sound wave = 340

Sound Waves

. oM sm
time to reach bullet = (340_20) =30
1t 20
AU=544 1300 " 340 |~ ¥ 30xaa0 - 01
)
0OQ=8x330 =2640m
. PQ = 0Q sin 60°
Q
60°
O P
PQ =2640 x g =2286m
(1
_|YRT
VENTM
y for monoatomic = 1.67
y for triatomic=1.3
_ [ Me L67x18x107 ) (o
M; 71, 1.3x2.02x10
@
Sl =)
v u =t,d v u =t = d= U—v t
@

L
L,—L,=10log L

I
3.0103=10l0g ﬁ

I
I

log2=0.30103= |, =2x 10*wm?

I
0.30103 = log ﬁ - 2=

(1)

RT
The speed of sound inairis v= YT
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Q.16 (3
™M of H, is greatest in the given gases, hence speed | 41
B,= 10log 7~ B, = 10log 7~
of soundin H, shall be maximum. lo lo

|
Q10 (O =10log4+10log -
0
v, = 1/3Mﬂ v, = ,/% Viorege = ‘/SnTAT Voo =20log2 +B, =B, +6
Hence when intensity is increased four times, level
_ [2rT becomes (B, + 6) decibels
™
Q17 @
QUL (@ frequencwsgame
.. energy remains conserved
5=10l0g %'60: 1010 Il = Redistribution s stablewith time.
(0} o
8l 18 (2
p=10log |~ Q @ _
0 path difference=nr—2r
I AS=r(n—2)NL=AS
=10log8+10log lo =30log2+60=69dB. for constructive interference
r(n—2) \% Vn
iz @ M=r(r=2)h="""n=5"=127)
I oc A 2 (Amplitude)
1 1 A
lc - = A c - = Amplitude= — QL @
r o r
h_a_,
A l, ~ 1
= v sin (kr —wt)
2 2
Q.13 (4 o= (VA+41) =9, 1= (VA-V1) =1
(90-40)=10lo L l 9
- 0d AL:10|og|m—f‘x,:10|ogI:20|og3,
Il Il
5=Iog|— =7 =10°
2 2 Q20 (2
Q.14 (4) 11 minimafrom the current minima
2 Ax=100
Ax=12=5,x=24cm . 2X5_1
=0 “—lcm
f= v_ 30 1375 H
TN T 24x107 T z Q21 (2
L=11,=41
I, =1, +1 =5l
Q15 @ ATt
l,=9l
. . Al=(,—1)=4
o’ I for an isotropic point sound source.
= P=L4nr? Q22 (4)
= (0.008wi/nt) (4.1.10 =10.048 For displacement— Phase change r at closeend
~ 10watt.Ans.

For pressure — No phase change at close end
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Q.24

Q.25

Q.26

Q.27

(1) Q.28

(1)

When a sound wave gets reflected from a rigid
boundary, the particles at the boundary are unable to
vibrate. Thus, a reflected wave is generated which
interferes with the incoming wave to produce zero
displacement at the rigid boundary. At these points
(zero displacement), the pressure variation is maximum.
Thus, a reflected pressure wave has the same phase
astheincident wave.

@

Q.29
y
4
R .
Be <f Ef_ E’F
dal £ 13
—e—e—> X
Al 3 20
P, P, P,
n=3
©)
n:n;:n,=1:2:3
vV v o
oA, g o 1:2:3
. . — . 1 . l
Aok, A, =1 5" 3
(2)
In an open pipe the ends are points of displacement
antinodes and hence pressure node. The midpoint (for
fundamental mode) is a point of displacement node 0.31
and hence pressure antinode. (variation of pressure
is maximum at pressure antinode and zero at pressure Q.32

- node).

Sound Waves

(2)

Closed Open
vV _V
40y T 1y

<« />
z Fundamental

< 4/ &

<!>

zﬁaﬁmﬂ

< 47 >
L, =4,
/ -Q——-125
. T3 T T125cm
)

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

Vsoun \%
fundamental frequency of B = 4(g/d2) =

sound

20

which isfundamental frequency of A.

@
at the middle of the pipe

(2)

(3)
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Q.33

Q.34

72

% ‘»’ P+ x
¥ y X
=5
Vv
L= 20+%)
A%
= If —f|= —

=5 T 20 %)

_ vX _ vX _ﬁ
- Zf(f + X) B 2€2(1 + 5) B 2[2
/

(3

Mo _Vv
?—f+.6d,ul— A
«—d—>

!

Ao v
2 =(+.3d, v,= ro

«— d—>

¢

vy 2(£+.6d)  (£+.6d)
v 4 (0+.3d) ~ 2(¢+.3d)

@

3V
Second overtone of open pipe = 20
1

5v
second overtone of closed pipe = a0
2

Q.35

Q.36

Q.37

Q.38

Since, these frequency are same
v _5v
20, 4L,

ﬁ_4><3 6
= 1, 2x57 5

Now, the ratio of fundamental frequencies

v
fl Zfl 2£2
= = ,
f. M4
4/,
= 10:6=5:3Ans.
@
A
Z = €1+e ...... (@)
3
7 =l,+e 2

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)=+(256-f)x2

= f =250, 258 Hz

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.

@
sin2ent+sin2n (n—1)t+sin2r(n+ 1)t

[2nt(n—1+n+1)]
2

sin2nnt+2sin

2 1- 1
cos [2nt(n+1—n+1)]
2
sin2nnt +2sin2znt cos2n t
sin2znt [1+2cos2rt]
= f.=1




Q.39

Q.40

Q.41

Q.43
(1)

vy v
=20 2™ 4y

l
Q.44
V
no. of beat heard nl—n2=ﬂ=4
if length of pipes are doubled. no of beats heard n'1 -
V4
n, = Y, = E =2
) Q.45
=Y
A
water poured into pipe then
A sof T
then Input water = output water
Hence f constant.
(3)
_ 340
340= 20 ")
4-a=1 Q.46
A= 3-8 _ 0.95m
=4 =0
Q.47
Q.48
(2)
Ly _32/4 _3
> 2. 8 Q.49

Sound Waves

A
should be raised by > =10cm.

(1)
A

fo= -
% w

_ (2n+Dv
Y
= (2P + 1) overtone

f (2n+ 1) overtone

@

w
T =/
=]
S
r_t >
477 I
- Amplitude=a
(4)
280+10

v 1 T
=% =% \/; STT v T= - 290Hz
2)

(

v v Y \Y

W h, 0= 71710276
_ 6x1.02 — 306 300y
V="002 ~°%% S

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

(4)

Doppler effect in Frequency depends upon relative
velocity between source and observer
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Q.50 (3) f =100 Hz
V +vg \ V-V
n= v nr,nr= VYA n f'Slz v_v, 100 = 100
V +Vq 350 +50 400 vV+v
/= n = = — - 0 —
n [V—VS] 350-50 <12 = 300 ¥ 12 o= (V+VSJ100_100
=16 KHz No Beat.
Q51 (2) Q%4
. - a
v,—Vv,— Relativevelocity =t = 771
s 2
Vosina s v =V
55 (3
v+gt
o =
> Vo= f ( v jf
TV cos a
ot gx1000
fr=f+ . A= f'=1000+ —/—— .t
V—-V,sina 1 —
n= (Focow] n  teno = isconstant and 1=30s
s f’=2000Hz= v =300 m/s.
n' remains constant and n’ < n.
Q.56 (1)
o k_c+u
N f
nl
JEE-ADVANCED
t OBJECTIVE QUESTIONS
Q1 (D)
. h. must b . . . .
S0- grapn. must be During clapping multiple wave are produced with
different wave parameters so wave is resultant of all
Q.52 (4) these wave
Q2 (B)
Time taken by plate to moves a distance
10x 102 = 1 t2= 1 98t2=>t= 1 sec
=5 9= 98P =t= :
ALA ob ] ina t q . no.of vibrations 8
observer is moving towards source so v, > v . " timetaken - 17 =56Hz3
At B observer is moving away from sourceso v, <v
o o Q3 (A
At C observer ismoving L to line joining source and .
observersov,=v. =V, >v.>y, 160—120=10I0gﬁ
Q33 (3 L 1
100=7 ,lec 5
30m/s 30 m/s 30 m/s L r
s, o s,
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Q4

Q5

Q.6

Q7

2
r. I
104 = (%j , % =100

1 51
r,=10'm.
®)
y =A cos(ax + bt)
=1
1,=0.64
loc A% = 0.64A=A?
A, =.,1=08A
®)

First maximaafter O will appear when path difference
AS=)
so AP-BP=2A\
2_42 +12 -24=2A1=0.2
sound velocity =n A =1800 x 0.2 =360 m/s

(A)
Path difference (AS) between direct and reflected wave
=130-120=10m

Ly ceiling

1

25 m

|

P™ < 120 m > S
Direct

for so constructiveinterference AS=ni

=Y (n=1,2,3,....... )
r=10, 5520 2 Ans (A
=10, 53 e ns(A)
(A)
4 um
) 10 pm 7 um >
5um
4 um
3 um

Q.8

Q.9

Q.10

Q.11

Q.12

Q.13

Sound Waves

(A)
Ax=10-6=4=n) S

r=2 3

n
for A — max

n—min=1 5
r=4 D

©
}\'1 = 7\'2 ,fl = f2

T
A=A, Ap =5

T
A= \/Af +A3 + 2A1AZCosE = /a2 4 A2

v=fa=fa =f,

®)

ig for open pipe
1:fun. = v

— for closed pipe
4y PP

foc /T, but f does not depend on pressure.

for closed pipef 3f

1st overtone — ' fundamental *

D)

frequency of two sourcen, =50 n, =51

so besat frequency = 1/sec.

Now intensity ratio of maximum & minimum value =

Imax _ (31+az)2 _ (E]Z 4

Imin (al—a2)2 : 1

(D)

To get beat frequency 1, 2, 3, 5, 7, 8, itispossible
when other three tuning fork have frequencies 551,
553, 558, etc.
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Q.14

Q.15

Q.16

Q.17

76

(D)
¢=105cm
7 105
1"
for Pressure node
& = 10—5 =15 cm
4 7
3—k =45cm
1"
© Q.18

A%
L=aw+0.6r)

A%

L=106x2n) hh
A% A%

4L+0.6r) ~ (L+1.2r)

08r,-04r,=-L
r2—2r1=2.5L

©

Q.19

\|

3V1 Vo nVl mVZ
40, T 0y T 40y T 20,

=40, T

Vi _m(3vi
404

J = 2n=3m

= Nn=9,m=6. Q.20

check the options
©

At point P so

= zero
=((,-30)

€+—3—k 122+—3—}L 2
2e—4:> e—4 .......... 2

l,+e= T
~(2-@)

5
A=164,e=1=/(,= 2 x164-1

=205-1=204 cm.

©

For pipe A, second resonant frequency is third

harmonic thusf = E

For pipe B, second resonant frequency is second

harmonic thusf = ——
armonic tnusTt = 2LB
conating 2V = 2

uating — =

aueing o, T 2L,
= LB_ELA_ g.(1.5)—2m.
©)

~ [aWRT fc_v. 20/3 11
V™ 0 fe v, 4//3'\28



Q.21

Q.22

Q.23

(B)

4

Displacement Pressure

P d
2 12 7 =—3 =04fromopenend.
Q.24
©
Open organ pi ef—n—v
p ganpipet ==
——1—125 1
v 20T @
Q.25
N+l _;s @
20 7
n+2
5, =225 &)
2.5/ +1
from (1) and (2) =22 =175
20
25/+1=35/0/(=1
Close organ pipe
v Q.26
f=@n-1 47
Loenlix g
v o 40 @)
nel i 2
40 7 @
2n+3
2 2% ©)
Q.27
fromeq. (1) and (2)
2n-1=57¢
2n+1=77¢
—2=-2(¢(=1m.

©
3nX .
P=P,cos T sin 300 «tt

at close end Pr — Antinode
at open end Pr — node

Sound Waves

(A)atx=0

P =P, cos0® = P,
ax=0.5m
P=P,cos3rn =— P Antinode
(c) at x = 0 antinode — close end.
ax=2m.

P, cos 3r = antinode — close end.
(D) x = 0 antinode — close end.

Antinode

2
X = §Antindde—closeend.

©

Due to Doppler effect apparent frequency of S, will
continuously decreases. But apparent frequency of S,
changes to lower value when it crosses o so best
represented graph is.

Ans(C)

®)

f, =1, Vso:r/:—f\d/m = % fo =12V = Veoua ™
vy = e

f2=fow =08 :—Z =125

(A)

Let original frequency isf
by the concept of Doppler effect
frequency of reflected wave

fro V+uf_3>32+12X
T V-u 332-12

f f—f=6,

A tzemiz X8 gz
320 24
D)
Vsource
e @0

S V/

observer

velocity of approach of observer & source decreases,
becomes zero and finally becomes velocity of
separation.
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Q.28

Q.29

Q.30

Q.31

78

Hence apparent frequency continuously decreases.

(fapp =f when Vap = 0)
©
v=20m/s m
R
0,
Yo = 370
V COS 600 m Q.32
observer
f=f Vsound V/ofu
0 Vsound ~ Vsource V/ofu - V/ofu
600 — 330 oo 380
330-vcoso 330 -20cos37

330
=600 . 314 ) = 630.5 Hz.

®)

There is no relative motion between source and Q.33

\
observer so frequency remain constant n= %

when wind start blowing in the direction of wave
motion then velocity of sound =V +u

V+u V+u
so apparent wave length ' = ——% = —%

\Vi 0
Ans(B)
(A)
frequency of sound for approaching observer f_=
C+V ;
c Q.34

c—-V

For receding observer f = f

_ _f+fy
fr+fa—2ff——2
Ans (A)
©
L)

f, 78

V+V0
f,= V=V f (o vg=vy)

V+VO

8
= 6 = Vv, :>17v0:—v

= v,=-20m/s= v,=20m/s.
©
Let the velocity of source at mean position is u
observer hear maximum frequency when source
approaching line from mean positions

c

L = v
max ¢ —u

and minimum frequency when source reseeding from

C

mean positionL = cu Y
velocity at mean positionu = ,/2gd(1— cos 6)
cv
cv

Luin™ ¢+ J2gd(1— cos0)

n=n Vsound (n' n) v v
=n. = - =

Vsound - Vtrain sound tran
o Vsound L, .
no=n Vsound + Vtrain = (n_n )VSDUHd =n Vtrain

(nM-n) n o

— =—,- =>NNnN —nNn_ =nnhn-nn
n—-n n
2n'n”’
= 20 =@ N 0=
(A)
C

AT B Path differenceisO and at A path differenceis4i
. From n) formulathere are 3 maximaposition between
A & B. Sototal maximainéelipse=16



Q.35

Q.36

Q.37

Q.38

Note — if therewere circle, rectangle, square instead

of elipse, answer is same.

(A)

frequency heard by listener
_V—ux _V+ul
VAN EEVARY

n

u
—
e - - - - - - e - - - - - °
S, 0 S,

©)

v 1

= vV — Vg 10:> VS_H
Af_ v 1= 11v 1= 1
f T vHvs T 12v T 12

Af
T x 100 = 8.33 %

Q.39

Q.40

— 2m/s

ARARRARARERRARRNNNNY

n V 1

= V+ Vg f
V—VO

(Vv fv,=v,

(330 -2

330+2
(A)

j x334=330Hz

. V+ Vg
f'= V_v, f t=1s=v =10m/s

vV —Vq
= f v =2mis

V+ Vg
. (300+2
=300 10150 =156
300 -2
"=(300+10) ¥ 10=144
= ' —f" = 12 beat

©

\"
(A)f =y, x500

350

=350+ 50 * 3004375

V+ Vg
V + Vg

(B)f= x 500

350 +25

= 350450 x 500, =468.7~ 469 Hz.

vV — Vg

©f, = x 500=464.3Hz

(f,—f,) = 45 Hz

A%
(D), =77, ¥500=4375Hz

V—Vpg

f =

B

x500,=428.6 Hz

Sound Waves
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Sound Waves

JEE-ADVANCED

MCQ/COMPREHENSION/COLUMN MATCHING

Q.1 (C,D)
For stable interference, phase difference should not
vary withtime.
Hence waves should have same frequency and a
constant phase difference.

Q.2 (C,D)
Energy per unit areaassociated with progressive sound
wave | = 2n%an? sV if we increase amplitude to /2

times or frequency to /2 times| will be doubled.
So % increment 41% of either amplitude or frequency

Ans-C,D
Q.3 (A,D)
P =BkS,B,k, S =B,k,S, here B, =B, - of same
medium
Sy _ky M P02
S, k; &, =2Power = —va
P, issamefor both waves
p issame for both waves
v is same for both waves Q.6

So,P, =P,

Q4 (A,B, D)
For constructiveinterference path difference (AS)
AS=nA(n=1,2,3,4......)
hereAS=2m
So option A & B are satisfied for constructive Q.7
interference similarly for destructive interference

A
AS=(2n+1) 5

so D option satisfied condition

Q5 (A,B,D)

Wave emitted from Q y =A sin (ot —kX,)

Q.38
Wave emitted from Py = A sin (ot kX + g)

i
AP = ¢, — 9, :cot—kxp+ > —(mt—kXQ)

80

Y
:k(xQ—xp) + >

2n T
" (Xg=X) * 2

T i
10 %)t
For A xQ—xP=—5

Ap= = (=5) + =~ =0
= (I)_lo(_ ) 2 -
For B xQ—xP:S
= Ad =7

I
ForC x,—x,=0= A¢p = 5

L:L:I.=(+I1+2[cos0) : (I+1+2Icosr):(I

A B

+1+21 cosE)
2

(A,B,C)

When sound wave is reflected from rigid end
displacement wave get extra phase at © and pressure
wave get no extra phase

SooptionA, B, Carecorrect .

(8,0
fundamental frequency of

\% \
open pipe, n, = 20, closed pipe, n. = a0,

5 "2 =5 ()

. Vo3V
For first overtone n, = 0 n.= 40,

vV 3V

Z_E =5 (2

: fh_1
onsolving (1) and (2) ¢, = {,= i, 1 Ans (B)
(B,D)
l
making hole at 3 length from close end. Pipe start

’
behaving as closed pipe of length 3



Q9

Q.10

Vv
So new fundamental frequency n' = ——~

4013 Q1

\%
original fundamental frequency n= vl nN=3n

So option B and D are correct Ans B, D
Q.12

(A,B,C)

—x—

fundamental tone

1
X = 2 m=25cm
Q.13

For other resonance position

A
x=(2n-1) 2

SO X=25,75,125 CM....cccccvveeeenn.n.

Tube length is only 120 cm so get resonance

minimum length of water = 120 — 75 = 45 1
maximum length = 120 — 25 = 95 Q

Distance between two successes nodes

% 100

=272 =Y
AnsA,B,C
(B, D)
. 1T
Fundamental frequency of waveinwire.n= - "

1
here beat frequency =n, —n, = W(\/ﬁ— JT2)

beat frequency remain same
T, could be increased or T, could be decreased
Ans B,D

Sound Waves

(A,D)

At closed end displacement node and pressure
antinode areformed

(A,B,C)
By the concept of doppler effect Apparent frequency
A C+u
(no. of waves) striking the wall = v= c
u

frequency of reflected wave (wall become source

., C+u
)° =C—u v
C C(C-u)
Apparent wavelength = o o(C+u)

sooptionA, B, Carecorrect Ans =A,B,C

(C.D)

High pitch means apparent frequency is increased in
reflected wave so there is relative motion between
girl and reflection and it is of approaching nature so
C and D is correct.

AnsC,D
(A,C,D)

V-V, V-V/5 4V
For observer O, , A, = o f =5

For O,, thereis change of medium henceat the surface

of water, keeping frequency unchanged
v _av

Ao hw

= =V
= fw=Ma” gy

|

Ay AV

velo. of wave relative 4y v
to observer

oy T,
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Q.15

Q.16

Q.17

82

_ 2V 5f  21f Q.18
5 16V 16
(B)
Q.19
%
Q:Q[ j
V-V,
—
—
fy
.
Island
3 V4V,
=1, Vv, , vV =1050
{ﬂ:o_l}
fO
f'~fy 2V _ Q20
fy, V-V =01
v, =50 m/sec.
(A)
marine f 2
v +50 V+V,
fr=f fr=f
V-V, 0\v-50
. ((v+v2)(v+50)] .
= - <, —|= 0,
o | (v_v,)(v—50) 121f [21% greater Q.21
then sent waves]
get v, = 50 m/sec toward Indian submarine
(B)
_ vwrttoobserver _  V+Vv, v-50
f - f, (V+V,) fo Q.22
(v-50)

. v +50
A :f (V+V,)(v+50) =
® (v-vp)(v-50)

(v—Vv,)(v-50)
fo(V+Vy)

ViV, 1050450 _
V-V, T 1050-50

»
=

B)
B B
= |2 =1050= [ B~10° N/
VIS T 1000

(A,B,C)
Dx=pR=nl

R

nR
n=3\=

3
n—4?»—ﬂ
T 4
(A.CD)

3 2nr
AX = 2 (2nr) — 4

Py
=qr=(2n+1) >
2nr

T on+1
n=0A=2nar

3

2nr
n=1\=

®

_ Ap T
o = 4, cos > AG = >

=41, o8’ (), =2,

(A)
AX=nR=n\

nR
k=?forkmaxn=1

r=mR



Q.23

Q.24

Q.25

Q.26

(B)

Ax= nR=(2n+1)g

2nR
r=n+1)

for A __n=0

nR
A=2nRA=—
n

(A)

2n

&€ =(0.1mm) cos 80 (y +1cm) cos2r 7(400) t
end correctionislcm. ,soaty =-1cm.

& =(0.2mm) cos :—g (<1 cm+ 1cm) = (0.1 mm) cos(0)

= Antinode
So upper end is open.
atlowerendy =99 cm

2n 5n
&= (0.1 mm) cos 80 (99+1) =0.01 0037 =0

= Node
tube is closed at lower end
So tube is open closed.

®

2n _2n So =80
80 A -

and effectivelength of air column =99+ 1=100cm

5 A . :
a7 =5 Z,soflvehalf loops will be

open

formed

closed

A
(= 5(—j S0 second overtone.

4
(A)

__p %
Pec= =B ix

= (5% 109 x (01 x 10°) 2% sin 2% (y+1
_( ) ( )80 sn 80 (y Cm)

Q.27

Q.28

Q.29

Sound Waves

cos 2m(400) t

2
= (125 & N/m?) sin % (y + 1cm) cos 2x(400t)

(A)
End correction = (0.3) d =1 cm

;10
—3cm

Tti V4 n (10 i 3
vol. of tube = 4 = 2 3 x 100 cm

(takel =0.99m ~ 1m)

=— lit

36

moles = moles (22.4 It. contains 1 mole

10w
36x22.4
0m, 107
36 OMAMNS 36,204
(A)p.a(B)a,s(C)r, (D)sgq
(A)y =4 9n (5x —4t) + 3 cos (4t — 5x + 7/6) is
super position of two coherent waves moving in

positive direction, so their equivalent will be an
another travelling wave.

mole )

X X
— t——— | o t———
(B) y=10 cos[ 33()] sin (100) ( 330j lets

check at any point, say at x =0,

y = (10 cost) sin (100t) at any point amplitudeis
changing sinusoidally. so thisis equation of beats.
(C) y=10sin (2nx — 120t) + 10 cos (120t + 2nx) =
superposition of two coherent waves travelling in
opposite direction.

= equation of standing waves.
(d)y=10sin(2nx —120t) + 8 cos (118t —59/301tx) =
superposition of two waves whose frequencies are
dightly different (o, =120, 0,=118)

= equation of Beats.

(A) = (n); (B) > (9); (C) = (p); (D) — (a)
Find all speeds w.r.t. wind and apply doppler effect .

(A) Thewavelength of thewaves coming towardsthe
observer from source

=(V-V,,+Vff

83



Sound Waves

Q.30

(B) Thewavelength of the wavesincident on thewall
=(V+ V,, - VI

(C) The wavelength of the waves coming towards

observer fromthewall = (V -V, -V )/f

(D) Frequency of thewaves (asdetected by O) coming
fromwall after reflection=(V -V -V )f /(V -V, -V))

(A)a.r (B)p.t (C)a.s (D)p.t
From standing wave equation

v = (400) (0.8) = 320 m/sec and natural freg. can be

v 3v 5v
40" 40" 4r

80, 240,400, 560 Hz................

(i) For f = 240, resonance will occur, so only third
harmonic will be activated and air columnwill vibrate
violently with purely third harmonicf =240 Hz.

(ii) For f = 400 Hz, also resonance will occur and
air column will vibrate purely with fifth harmonic.

(iii) For f = 320, f = 500 Hz, forcing freq. is not
matching with any of the natural freq. So resonance
will not occur and air column will vibrate moderately,
and therewill be some contributions of all harmonics.

NUMERICAL VALUE BASED

Q.1

84

(4]

8+x 2-X
t=———="
(o (o
= —-6=2X
8+x 2-x
8 —— 2
X=-=3m
5
= t=—
(o}
2 4+y?
Ay

Q.2

im

[P

Q3

Q4
Q5

= y=4

[0060]

2x><p><g:Lx—

= L=4x

frequency same = A = same

20 A
_X:_
4
70+ 3 oh
+3x= —
4
70 — 3x = 100 — 5x
2x=30;x=15
L =4x=60cm
[0330]
D
L, 40m
9m
L, 41m
Ax=1m
nA=1
f=E:C><n 'n=1; f=330Hz
A
(31]
[0050]
SAN = PNode=>Ad=m7
A
A(|)=TE:>AX=E

L (L_,
Ax = 2+x 2



Q6

Q7

QS8

- _n
—2:> X=",

A=2m=>x=50cm

[436]
f-440=4 (wrong)
440-f=4 (correct)

on heating up, tension decreases

165 _v+5 i
= 160 v_g = BV-5=32(v+5

= 33v-165 =32V +160 = v =325m/sec.

Vv (v+5) 330
165= 7| — | = =50cm

al v ~ 4x165
[6HZ]
< M
| |
52cm 50 cm
v =325m/s
v L35
Vo= 4L ~ V10T 4,052
35
V20~ 45050

Q9

Q.10

KVPY

Sound Waves

325(, 1
Vo~ V2= 4 |7 0264

_325( 0.004 j

4 | 0.260x0.264
- 03 g5 g
0.260x 0.264
[16]
Ax=28m=nA
A= 343 1.75
= 1 6 =1./om
14 28
_ B 16
"Ca7s T

= Ap=2nx16=32TANS.

[61]

1=l +1,+2./1; /1, cos(AD)

2n
=16+25+2(4) (5) cos (m x 1000}

=41+20=61

PREVIOUS YEAR'S

Q.1

Q.2

f,=1.04x450 =468Hz

(B)
Se > u O

AN
vV—u

Se v~ O
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[V+U] foe _ V+V, 330+30 360

f2:f0 max — _
fun V-V, 330-30 300
V+Uu Vv
fz_f1:fo(___j T _6_45
v v-u f 5
—u’f
f,-f,=—72—=-ve
f,>1, |
L oudness of sound in decibel dB = 101og,, I_
0
Q3 (D) N :
5 ’ when intensity of sound become 100 | then new decibel
T I
—X=—X
Ao L level = dB':lOIoglo(lool]
A=L =1.2m I
ax=0 x=L,y=0 dB' —dB = 10 log,, 100
v 300 dB’'-dB =20
=5 =1 - 20Hz . decibel riseby 20dB
only oneoptioni.e. 80to 100 dB match withit.
Q4 (A

Q7 (B

] .
Vs B= |0910 (I_j

V-V V-V 2v
fo= | =f s |F s |f
L el
rF 3
=0.990f
Ans. (A) 60
Q5 (© 40
. 20
1 5 9
at 5 KHz Hearing capacity =40 dB
Intensity at 1 KHz
(person)
B=10log
V, andV, are speed of whistle 0
V=N J=or o
=15x2 0
=30ms 1=1,10
Maximum frequency heard — (1) gz = 1, 10 GO =] (10)2
Here, (1) g, = 1,200 =] (10)*
F— origina frequency (540 Hz)
v — speed of sound M:i
v, — speed of whistle lg, 100
S
f o =f
= Q8 ©
Minimum frequency heard — €0 = 2
~ ~ 40 v
fon =f| 5= 60_2(d-90) 2d_180
LYVl 60 \ v oV

86



p_3.180_ 180 1
2 v = v 2
V =360m/s
Q9 (A
R| . 12m A

A

A 330
AS-AR=(2n+1) 7 =(2n+1) -~

330
13-12= (2n+1) -

f=165(2n+1)

for n=1
f=495Hz
Q.10 (A)

A= 320 =0.25m
1280

Using concept of differction of wave
bsind=1.22),

25
ino = —x1.22=0.678
sind 5
tan0 =0.93

tan =2

2D
y = 2Dtand

. _ _ 2Dtan0
timeto crossthisregion = speed

2x8x0.93
:>—
15

=9.9 sec

Q.11 (B)

r2=80m,L2=?

Sound Waves

r,=8000m, L, =30dB

L =10 log,, (IL]
0

1
Intensity due to a point source, | o 2

L,-L, =10log,, [:—Zj—lo log,, (l—lj

0 I0

2
L,-L,=10log,, [:—2] =10 log,, [iz]

1 r'2

=

L,—30=10log,, (10%) = 40

L,=70dB
JEE-MAIN
PREVIOUS YEAR'S
Q1 (@
_y_3%0 =66.66¢
TF T bog oM
A
2° ¢ +e=y+03d=y +18
16.66= ¢ +1.8cm
¢ =14.86cm
Qz (2
On filing freq. increases so freg. of A would be 335.
initially and onfiling it would be 338 Hz. So beat freg.
become2 Hz.
Q.3 [16]

frg. observedby A=f, =676 Hz

V+u
frq. observed by B =f, = (v _ ujf

frq. observed by A after reflectionfrom B is

. vV+Uu _ V+U2
Paslvou)fe= vy f

V+Uu
Beatsfra.:f,=f ,=f, = || 5| |

{vz +U% +2nv —v2 —U? + ZUV}
f

- (v - n)?
4uv
=mxf Vv >>> U
4uv 4u 2
=\ f=7 ><f=4><% x 676Hz = 16Hz
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Q4 [4]
f. f,
Q3
— L L'
f.=f1,
P2 P2
Ve 2V,
4 2L Q4
3V, _ﬁ
4L L'
4.V, 4L [B.p
L'= -0 __"= 1 .
3V, 3\p,B (B isbulk modulus)
a fo,
= 3 4p,
X=4
Q.5 [132]
Q6  [34]
Q.7 [1210]
Q.8 [2025]
JEE-ADVANCED Q5
PREVIOUS YEAR’'S
Q1 (A
320
finisident = freflected: 320 _10 x 8 kHZ QG
_320+10
fobserved - 320 reflected
= 8x 310 - 851 kHz ~85kHz
Q2 (A) =P (B) - PsS (C) —=q.S (D) -q,r
A
(A)Z =L,A=4L,
Sound waves are longitudinal waves
A
(B) 5= L,A=2L
Sound waves arelongitudinal waves Q.7

A
(C)==L,r=2L
2
String waves are transverse waves
88

(D)A=L
String waves are transverse waves

(B,(D)

At open end phase of pressure wave charge by n so
compression returns as rarefraction. While at closed
end phase of pressure wave does not change so
compression return as compression.

®
V —
ar+e) "

l+e v
- = —
Af

l v e
=0=—-
Af

heree=(0.6)r=(0.6) (2) =1.2cm

336 x10°
=277 _12=152cm
4x512
(A,B)
If wind blows from source to observer
0
JW
Source
u
[t
(V+w)+u
f=|—"—1h
2 (Vv+w)-u
= f,>f
(D)
o L [IRT  Af_Al
VYA'RY foov
(A) M =20 x 107 f =320 Hz
Af=+t45Hz Not possible
(B) M =20 x 107 f = 253 Hz
Af=+3.6Hz Not possible
(CO)M=32x107 f=237 Hz
Af=+3.4Hz Not possible
(D) M =36 x 10°° f =242.8 Hz
Af=+35Hz possible
(ABC)
c+V, cosf c+V, coso
B= 0 f1 - 0 fz
c c



Q.8

Q9

Iél ‘\
/II 0 \\\
Qf-=mmmmmmnn- Er ----------- '
c+V, cosd
=—0(f,-1,)
o
Hence, (a, b, ¢)
(6)
Car
- Frequency observed at car
Vo= 2mis equency Q.10

V+V,
fl:fo[ v C)

Frequency of reflected sound as observed at the source

eV (Vv
2=h(y v )T lvoy,)

beat frequency =f,—f

_f, V+V, 1
V-V,

2V,
:f0
V-V,

492 x 2x2
328

=6 beat/s

[5.00HZ]

observer(stationary)

13m

“2m/s  5m 5m

Q.11

Sound Waves

coso = E
13

[ 330 } B 1
f, =1430[ 330~ 2cos6 1 2c0s0
330

2coso

=1430| 1+ (By bionomial expansion)
330

f = 1430{&} =1430[1—C°—39}

B 330-1cos0 330

3cos6
Af =f, -, =1430 330 | T 13 cos

5
= 13[f3j =500 Hz

(A,B,C)

Let n, harmonic s corresponding to 50.7 cm & n, har-
moniciscorresponding 83.9 cm.

since both one consecutive harmonics.

.. their difference= &
2

by
Ly =(83.9-50.7)cm

&—332
5 =332¢cm

A=66.4cm
»
4
length corresponding to fundamental mode must be

=16.6cm

A
closeto 2 & 50.7 cm must be an odd multiple of this

length 16.6x3 = 49.8 cm. Therefore 50.7 is 3 har-
monic
If end correction is e, then

+507—%
e 7=

e=49.8-50.7=-0.9cm
speed of sound, v = fA
. v=500x% 66.4 cm/sec=332.00 m/s

[8.12 to 8.13]
Frequency observed by O from S,

380410 o0 3;3:‘£x120 = 123.63Hz

2 330
frequency observed by O from S,
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Q.12

Q.13

90

33046 | 100-3%0,120~131.76Hz
306

f,= 330-24

besat frequency = 131.76—123.63=8.12t108.13Hz

[0.62t00.63]
f oc l =f= h Q)
/gl /gl e

(¢, = initia length of pipe)

\Y K
[V—VT_]f :Z{VT speed of tuning fork, ¢, — new

length of pipe} (2

D+
V-V, 1,

Vv A
6_2_1_ V-V, 1
A Y,
lo—l _Vq

A Y,
-1, 2

“2_"13100=—x100=—-0.625
/ 320

1

Therefore smallest value of percentage changerequired
inthelength of pipeis0.625

(AD)



