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PHYSICS
Let mass ‘m’ falls down by x so spring extends by 4x ;
'I-k4
g T (4x)
T = (16k) x
Where T is the restoring force on mass m
Lo L [rek
T 2\ m
2 [k 2 2
f = —\/:= —x —5=7-[Hz
T\m T 1
Apply C.O.A.M.,
2
1
10x1=" . o=15rad. KE. = EIoa2 =75

axis through
cenyoid

«——a8a—>

om 243 24 om 2 8
5ma?
=3I
8
dm dm
F =V =p,(hV.V =p rhV? {ogr =rathV)

h
Total torque of air about point P is paEhVZE

22
- —pagh V N - l - l
T, 5 , T, = Mg. > p,-f-h.t.g. >

12
for toppling T>T = V> (%J t
a ® pAh
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X = Ay(1 + cos2mnu,t). sin2mo

A
= Agsin2nmo,t + 7" [(Sin27 (v, + LYt + SiN27 (Vg — V]

Hence the frequencies are
Uy, [V = Uy, Uy + 0, .

R
O is the centre of mass of the hollow hemisphere and is 2> from C.

f=mgsin 6 e (1)
N =mg cos 6 ... (2)

sina
tan0= -———— = a=60°
2-cosa

If the mass M is displaced by x from its mean position each spring further stretched by 2x.

2kx 2kx 2kx 2kx

Net restoring force
F = — 8kx
M.a = -8 kx

f_iﬁ_i/ﬁ_i/ﬁ
“2n\[x|  2zVM VM

Angular acceleration of rod

m(x +L)gsin6 ;
o= "2 12y
m(x“ +L°) i
|
. da I
For rod to fall as fast as possible, ax 0 I M

|

| m

or x= (V2 -1)L

Let centre of disc is displaced by x from its equilibrium position(spring was in its natural length). Now
calculate the torque about lowest point of disc.

3 3x 3 a
—R. — = — R2_
k. . m R

3x
2m

So, T= 2n,/2—m
0, = 3K
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10. amplitude is obtained forv=0

E
A=,4|—
a
Maximum velocity is obtained forx =0
E —
Vmax= E Vmax_A(’)
E
Vb _Ja
o= |E b
a
_2n_,. |b
) a

. o
Leq = 3
12. Mg—f,=F,
4
= §7TF3(pm -p)g=F,

13. (a) Initially

3
I 2 g

| = 10 mR 01 =0

i 13 2
Finally 1o = 10 mR* & 02 = Opew
Using conservation of Angular momentum
[qoq1= Ipwp

Corporate Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.)-324005
QESC]I‘]BI‘ICE Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in
E ing f
ducating for better tomor oW | 7800 200 2244 | 7800 258 5555] CIN: UB0302RJ2007PTCO24029)




14.

15.

16.

17.

18.

3w
02 = Onew =43

1 1
Energy Density = 5 stress x strain = 5 Y (strain)? = 2880 J/m?
) ) YA
Rod behaves as spring of spring constant B

Equivalent system is:

A
2YXE YA

The time period of oscillations of block is

2L 1 mL 1 mL
vV 2 YA | 2 2Y.A/2

2L mL
= — + 21 —
\VJ AY
The force F, causes extension in rod. | >F,
F, causes compression in left half of rod and an
equal extension in right half of rod. Hence F, does F, F,
not effectively change length of the rod. IEZ (_2*:]
Tz ¢

Since F-r curve is continuous, so

dF| _dF| _dF

arl. Tl Tarl ~% and F(at P) = 0 so Hooke's law valid near point P.
p p

p

Energy required to separate the atoms = |AU| = ‘— Iﬁ.d?‘ = |Area enclosed between curve andr - axis

a. v
(A) = g T=bx= Vi

20 X2x
= S| =-b 5]
2u 20
= —ﬁ —ﬁz x-i
2 2 Jb
(B) F =m (- bx)
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19.

20.

21,

(C) acceleration is always towards origin and acceleration is zero at origin which is the mean position of

SHM.

Let T be the tension in the string.

Tcosﬁ Tcos d—e
2 2

do/2 ﬁ do/2

doi_ . do

T ¥, T \T sin? ETsinz',"
T WL T
‘ \ do
m 2
in— = R. .
2T sin > 27'CR>< o~ .RdO.
T2 mR»?
271
_TIA
ALY
AT T mRo? 1 mR2w?
e A= —— x (= X 2nR =
T OYATAEYA T T YA YA

AM_AR_ T _mRo’ _ mR%?

/R YA 27AY T 2rAY
2
T2 (YA ,_1YA [mR%*] 1 (m’R
V=22 ol )0 =55 R TYA | T 4nl YA

For disc, from torque equation

2
3mgR-TR="R"¢ . (1)
By application of Newton's second law on block we get, O\L/ MR
T-mg=ma ... (2)
where a=Re . (3)

F=3mg

vinga= 49
solvinga = —

(a) force on flat surface depends on H
(b) Pressure at the location of curved surface depends on H

Ta
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22,

23.

24,

25,

26.

2 o3
(c) Net force on hemisphere by liquid = (gﬂR j(P)g

Att=0

. T
Displacement x = x, + X, =4 sin 37 2/3m.

Resulting Amplitude A = |22 + 42 1 2(2)(4)cos /3 =4 +16+ 8 =28 = 27 m

Maximum speed = Aw = 20,7 m/s

Maximum acceleration = Aw? = 200,/7 m/s?
1
Energy of the motion = Py mo? A2 = 28 J Ans.

Applying conservation of the angular momentum of the system of three rods about midpoint of the rod CD .

m22 , | m2? 30
Smx5x1+mx5x1= [2( 12 +m(¥2) J+ 12 ] :>oa=ﬁ=2rad/sec.

The bob will execute SHM about a stationary axis passing through AB. If its effective length is /' then

T=2 L /
= 4T gr "/
("= 1/sin® = 2/ (because 6 = 45) ~ B\‘\.\ ’
g'=gcosb=g/2 S ! .
AR R
T=9 20 5 2x0.2 27 P
= — = TC. = — N
g V" 10 5°
mg
From conservation of angular momentum.
2 2 2
L L L L L
mu g+ me a=[2”‘6+"‘@ 3} ]
mL2+mL2+mL2 o 2mL2 3u_3x6
mulL = 6 4 4 =3 ® or 0= 5 "5 =9rad/s
N =mg
f=ma
As f must be static friction (No slip condition)
f<uN = ma <pumg
or ma, <umg
mA®? <umg
o< 1/%9
2n ug
= — < |—
®= T A
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Tso [A 4rPA
> i >
="\ ug = = gT?

27. The x coordinates of the particles are
X, =A, cos ot, X, = A, cos ot
separation = x, —x, = (A, —A,) cos ot = 12 cos ot
Now X, —Xx,=6= 12 cos ot

= t=2s Ans.

28.

Using conservation of mechanical energy
E,=E;

7 o 7
— = — 2 in2—=— 2
mg 4R (1— cos6) 170 MY = 8mgRsin >~ 10 ™%
since 6 is very small

7 20gR
Ev02=29R9§ VOZ=TO§

a
Linear amplitude of SHM a = 4R0 = 0, = R

N

2
2= 20gR a - 5ga
0 7 16R? 28R

comparing v ? = w’a’

5 28R
0s 29 poo2n 2R
28R 5g

Alternate solution :

mgsind —f=m o'R.

2
fR= £ mR(o)

acceleration of center of mass of solid sphere =ao'R = 04R

28
solving above 3 equations = mgsind = — maR

5
For small 0
_ 596
%= 28R
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29, L=~
9 d y

& (F+FRL
J.d|=M= 1x10—9m

2Ay

0

AO
30. 2T sin — = dm x o?r

2
A

2T[7j =pXAXTAD X o % r
T

c= A =pr2(s)2

1o
W= "4 =2radls
rye

31. Let the original length of the string be L.
Applying F = kx, we have4 =k (5-1L)
5=k(6-1L)
9=k (2X—-L). From these equations x=5

32. The block has two tendencies,

H/4

m

<« I >

M

0 —> F

(i) to slide w.r.t. plank

(ii) to topple over the point O maximum acceleration for sliding

H/8
D
: i —>a
N 1 1
T —>a NA
[
i >, ] > f,
mg l
mg
=mac<f
ma < umg
g g
asg amax= g

Maximum acceleration for toppling,

N = mg,

f,=ma
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H H g
N|—| = = _—
(j f a 4

2 S, max

So, the block will topple before sliding. Hence, f __ =(M+ m)

I NJI[?e)

max
33to 35 Time taken by particle to go from
=0tox=A/2i ik
x=0tox= is 5
T 7T

L _ T
t|me|nterval—2+,|2 =1

7 m 7 |m
= —.21 [— = N
12K, 6 \K,

Assume, maximum compression in right spring is x. Hence,
1

1 1
K@= S KL+ X2+ S K

3 6L
put K2=ZK1,weget X=—.

When mass m is in equilibrium both spring will be in extended state.

KX, =KX, and X, +Xx,=L
_ 3L
X1 = ?
36. Torque about 'A’ -
mg/
Tg -T¢=0 mg<—
A
mg
T = —newton
2
37. N,=mg >T
N, +T=mg Mgl g
_ g _ _ \/g N,
N, = 5> N = N? + N2 =mg —~ —N,

¢ m¢?
38. mg 5 =173 |

m
o 1
(04

—— OF

M 3F
3. Fe¥—] = = -
L L

A, = EL_FF_E :ﬂ
T 12 J2aY 2AY  8AY
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40.

41,

42,

L 3FL
oplk  SFL
+ 22 =L

A= 2
2 JAY 2Ay S8AY

Al
Al

F-F,
F= Xq x+F,= ax+f

_°
7

Energy density at any x
du 1(ax+[3j(ax+[3

Energy stored in small segment dx
1
2A%Y

du = (02x? + B2 + 2apx) Adx

1

XQ
= |du=—"— [(a®x® +B2+20Bx)dx= —
u=| { 2A

2AY
Consider section PQ
a= F/L,B=Fx,=L/2
_19F2L
17 48AY
Consider secton QR
a= F/IL,B=3F/2, x,=L/2
_ 37FA
27 48AY

_19FL  37FEL _7FAL
T 48AY  48AY  BAY

- | = 1 2
AY )T opzy X7

ﬁF

N

2,3
(‘* al +B2Xo+BX§J
Y 3

L/2

\ 4

<

Fe—

—> 3F/2

L/2

v

3F/2 <—

—>2oF

F=T4/¢ A=400cm?, ¢=20cm=0.2m

8 4 2
=X X —
100 10

= 1og = 0-064N =0.06N.
B) W =T (n—1)

) 1

=100 4 T00x100 * ©
=32 x O x 106

= 90432 x 105

=0.09432 Joule

C)  W=2xT4n[(2R?-R7]

4

= 87TR? x3
YR !
= —_— X

™100 ~ 100x100
o 9088 ) 150088 0.06 Joul
~1000000 ~ " o Joule
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2T.cos 0
D) h=""""

reg

8 1x10*
=2 x X

100 5x10°x10
32 10*
= — X——
10 10°

43. (A)

=32x 1047 =0.032m =3.2cm

F=2

Let friction be static

F+f =ma

FR-fR= %mRza

a =Ra
6
f —7N

L

f =05N =

friction is kinetic

(B)
f\
4-f=ma
4><1+f><1 =2
> =2a
f=2N
f, =3N
a
©)
30°
1
. 10 x —
_ gsind 2 19 e
I 1 3
1+ 1+ —
mR? 2
mg sin 6 —f =ma
:m— :10—§=1—0
f 5 ma 3 3N

2

fL= usN= g><2><10><7 = 4\/5

J3

N Static

Resonance
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45,

D)

F
f.
f =5N
f=10/3N static
F-f=ma = 4-f=1a
Fx 1o dxt =2yl fo2=2a  a=2/3mls
a 2 R = e
1 2
KE, ., = Emvmax =TE
2x2
= o = % =2m/s
. Vmax
amplitude A= 2m.

x =Asinot =2 sint

v=2cost= ,/4_x2

P)v= 2 m/s = x=% [om.

(Q)KE = %mv2

LX=% ﬁm.

(R)att=n/6s, x=2sinn/6 =1m.

1
:>1=EX1XV2 :>v=\/§m/s.

SKE-g 15-l><mv2
(S) =5 =1. =3
= v=\/§:>x=i1m.
(P)T=2n\/§ mT T7T
E= LKA

2

@E= kA" AT ET

(R)T= 2n\/§ kT T

1
E=5kA2 kT ET
m
- 21 [—
(S)T= n*’keq ke T TH
Koq = 2K

1
E=_keA” ket ET
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