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Circular Motion

(©
6=((D+w°jt
2

= e:(zogoj@):so rad

JEE Main Exercise

Number of revolutions = 5 = 0 = 2
2t 2n 0w
(d)
21
0=—
T
0 T_2
o, T
=T, > %=1
)
(a)
ar =a
= ra=o
= r=1m
So, diameter = 2m
(©)
2 2
: : v (30) )
Centripetal acceleration =—= =1.8m/s
. . d
Tangential acceleration (a; )= d_\t/ =2m/s?
Resultant acceleration = \/a, +a;?
= |/(1.8)" +22
=724 =2.7m/s?
(b)
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= v*=36
= v=6m/s
and v=u+at
= 6=0+0t

= tzgs
3

(b)

V2
a, =k’rt?> = —=krt?

P = Fvcos0° = (may )vcos0°

— mkrkrt = mk?r?t

(b)

v=or and a=o’r

If radius becomes half, then both v and a will become half of the original values.

(b)
| Y

Tir. |
S
/ :.Ir‘lEJUk/”

T
mg
>k, =ma

= T,sin60°+T,sin60° = mw?* (Isin 60°)

(i)
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SF, =0

= T,c0s60° =T, cos60°+mg (i)
Solving Egs. (i) and (ii), we get
w=14rad/s
9. (c)
XF =0
SN
1A
=)

= TcosO=mg (1)
2F, =ma,
Tsin0=mw’ (Isin0) ..(if)

From Egs. (i) and (ii), we get

0):,/ J
lcos©O

- T:E:2n lcosO
2m g

¢

1,
|

|

f_________
=

i i
——————— e e

|'Iﬂl'I
II II

|
H
|I .'I
\J

>F, =0 = N=mo’r
and f <f,
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12.

13.

14.

15.

e

mg

>F,=0 = Ncos6=mg
ZszmaX:Nsinezmmz(%)

From Egs. (i) and (ii), we get
g W2
(2]
J3a
(©)

v=.rgtan0 =/(10y/3)(10) tan 30°

=10 m/s =36 km/h

(b)
2
V2 (72 X 158)
Hmin = a = W =
(a)

10x 20(3+1)

o gr(tan9+u)_ 4 4
"X\ 1-ptan® 1. 3.1
4 4
=10 /gm/s
13
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17.

18.

mg

PSS

FE TSI

For losing contact, N =0

mu?
- mg=——o

R
~ u=JR
(A

In free fall, acceleration of car is g.

For pendulum

lo

.
mg
2 F=ma
= mg-T=m(g)
= T=0
(4)

46 _ 2 rad/s
dt
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19.

20.

Reference line
f

b _H;
\ ._\ (1] /
i_

Fixed pmr*r.

Angular velocity of particle w.r.t the centre of circle

_4(29)

(100)
>F,=0 = Ncos6=mg

> F, =ma, = Nsin0=mo’Rsino

. ()

.. (i)
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Solving Egs. (i) and (ii), we get

0= ,/ g
Rcos6
o= 10 ___ \/120 rad/s

os( o3
0.5

21, (2)

= o (2)= 2t2

22,
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1. €))
For observer on block,
2
N = mv

r
So, curve is parabola, symmetric about N-axis

2. (b)
AV = ’V u‘ V2 +U?
Now, K, +P, =K, +P,
= 1mu2+0=1mvz+mgl
2 2

= V?=u’-2gl

= V=,u’-2gl

S0, AV = W2 +u? =\/u2—ZgI+u2

mv2
R
V€
N
[- V+u]

2(u*—gt)
3. ()
Tinax. mm =i R
T, =mo’ R
2
80:0.1{£} 2 { @:EXEZL}
30 n© 60 30
2
k2 =3980 e 3600000 = Kk =600
2x0.1

4. (b

Let us take a general point P’

m V
//K * q‘-,‘i‘-
I

ne cos o mg

At P
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2 2

T+mgcosezmv = T= v —mg cos 0

So, T will be minimum when, mg cos6 is maximum

i.e., when cos0 is maximum
i.e., when 6=0 and 6 is zero when string is at highest point.

(a)
From figure, WY
. r L 1 \“\1
sinf=—=——==—+= = (q=45°
L L2 2

2
Tsing ="V (i)

r

T cosO=mg (i)
From (i) and (ii) (

2

tan(9=\r/—g = v=./rg

(b)
Given, mass of the block, m =200 g = 200x10~° Kg
Radius of the circular groove, r =20cm

Time taken to complete one round, T =40s
Here, normal force will provide the necessary centripetal force.

2
N = m’r =200x107 x[%j x0.2=9.859x10" N.

(c)
For statement-1
The maximum speed by which cyclist can take a turn one a circular path

= v<Jurg <40.2x2x9.8 = v<4/3.92

Speed of cyclist, 7 kmh™ =7 x% =1.94m/s

The maximum safe speed on a banked frictional road

+tan®
Vallowable = \/r g M

' 1-ptan6

_ V_\/2x9.8(0.2+tan45°) [2x9.8x1.2
V' 1-0.2xtan45° 0.8
=5.42m/s

Speed of cyclist, 18.5 kmh =5.13 m/s
So, both the statement are true.
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10.

(d)
Using, umg = mv

2
=mro? N

®=27nn=2nx3.5="7n rad/sec
Radius, r=1.25cm =1.25x10°m

Coefficient of friction, u="? Q
) [.25¢m
m(re)” .
umg = ———( v=ro) Disc
umg = mro’
2
, 1.25><102><(7x22)
= = ro” _ 7
g 10
-2 2
:1.25><10 x 22 _06
10
(d)

Given, ©=45°r=0.4m, g =10 m/s’

2

Tsing="" (i)
r
T cos®=mg (i)
From equation (i) & (ii) we have,
2

tanf="

rg
V2 =rg -+ 9=458° v

Hence, speed of the pendulum in its circular path,

V= \/E =40.4x10 =2m/s

(©)
XV=0

R cos G—Rsiqu

K.E., +P.E., =K.E., +P.E,
= %mv2 =mgR(cosB—sin¢)
= V?*=2gR(cos6—sin¢)

2

mF\il =mgsin¢ [ N, =0]

AtY,
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11.

12.

= 2mg(cos6—sin¢)=mgsind

= sin¢=§cose

@)
Initially, kx1=mo’R (i)
Finally, kx5=m(20)" (R+4) ..(ii)

From (i) & (ii), we get: R=16
So, original length = (16 — 1) cm = 15 cm.

(b)

Given,

Vp = V],VB Z—V?

Time to reach from Ato B
_2R 1R

4 v 2v

Displacement from Ato B = RV2

Now, average velocity from A to B
_ displacement

time
CRY2 R\2x2v 2J2v
- nR R =&
2V

Instantaneous velocity at B is vi
According to equation
_ Instantaneous velocity

Avergae velocity

__ T

—
V _ T T . T
W xl2 22 x\2
TC

Thus, x =2
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13.

14.

Given, v=mtm/s or Ro=n
o=Lrad/s

R
Angular displacement,
0=120" or %”

Using 6 = ot
t_g_ZTc/3_2_R
o n/R 3

Linear disbarment,
d= 2Rsin(9/ 2)

d=2R sin[%} = 2Rsin60°
:2R§:> R/3
Average velocity
a_R\E_3f8
t 2R/3 2
~1.5{3m/s

(b)
Time period, T =4s

Body will cover %th part of circle in 3s.

The given situation can be drawn as

= -,

Displacement,

AB=1R?+R? =\2R
=2x10=104/2m
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15.

16.

17.

18.

(@)
Given,
m=200kg,r=70m

ow=0.2rad/sec
Fe = mw?r = 200x(0.2)° x 70

=200x0.04x70
=2x4x70=560N

(@)

Given, m=5kg,r=2m
Timetforlrev=3.14sec ©ts
0 for 1rev=2nrad

Therefore o = 9 = 2n =2rad/s
t T
Centrifugal force, F= Me?r
F=5x2x2?
=40 N

(d)
Given, m=1kg,l =1m

Breaking tension, T, =400N

(braking tension)
Since, stone rotates horizontally,

2
mv
Thus, Tpax = — 22

(©)

Maximum safe speed of car over a horizontal turn is v, =+/1rg

Here, r=50m, u=0.34,g =10

S0, Vpax =v0.34x50x10

=4/170 ~13m/s
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19.

20.

21.

(©

A bob suspended from the roof of the car by a massless string, then angle (6) between the string and

the vertical,

2 2
o=tan| ¥V |=tan2| -2°
rg 40x10

=tan*(1)=tan" (tan E) _I
4 4

(c)
Extension in spring due to centripetal
2
mv
Force, F=— =mro?
r

Given, m=200g=0.2 kg

r=Xg+X
= natural length + extension
F=kx
( P .
o] ””“)

Where, k=12.5N/m
Thus, kx =m(xo+X)o’
12.5x = 0.2(xq +X)5°
12.5x = 5x +5X

= 7.5X=05Xg

X 5 1 2
- _—— = = —
Xg 75 15 3
(b)
Given,
f. = mo?r

= pmg = mw?r =constant
®?r = constant
2 _ 2
oh =i

. (O]
Given, n =10, =5 and o =
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22, (b)
Resolving Normal,

N cos 6 =mg ()
2
: mv .
Nsin=——
i = (i)

I cos B
N

Nsind y

r

/ |
ot

m

V2

Dividing, tan6 =—
Rg
L 12x12

400x10
15x12x12 54

400x10 1000
=5.4cm

1.
h= =0.054m
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T e

1. (D)
o = rate of change of angle
D1 as they both complete 2z angle in same time.
®,
2. ©
2
mg—N = mv
r
2
= N=mg—- mv
Sincera<rs
= Na < Ng
3. (A)
Force is always perpendicular to displacement
work done =0
4. (B)

N / 2 2
aresultant - ac +atang.

2 2
- (%j +2? =%=2.7m/s2

5. (A)
f=mg
= pnN=mg
=  umre’>mg

= wZ\/E
ur

6. ©
If the coin just slips at a distance of 4r from centre
=  umg=mére’ (D
If angular velocity is doubled
pumg =mR (20)? .. (2)
From (1) and (2)
= R=r
7. (D)
T =mr oo? . (1)
2T = mr o? .. (2)

=  ©=+20,=+/2x5rpm
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(©)
Since force is always perpendicular to velocity particle moves in circle.
It’s speed is constant and velocity variable.

10.

11.

12.

13.

14.

15.

(®)
pmg =

Vi = /MO =+/0.3x10x 300
=30m/s=108 km/hr

2
max

myv

(©)

mv
Fnet :marad. = r

(B)
T=mre’=02x05x4°=16N
©) _ _ N
Centripetal force is provided by friction
(A)
2
N, -mg= mv
r
2 2
N, =mg+=—, N, =mg -
r‘A rB
2
N. =mg+ v
rC
(A)
Real forces are mg and T only
(A) o
Bead starts slipping, when
uN = mLo?
pumLo = mLw?
po = (0 + at)?
= t= Ll
(04
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B os

1. (A Q)

Time to fall = 2—h= 2x5 =1s
g \}10

Distance covered in y direction =v x t

=3x1

=3m

Since there is no velocity along x-direction x is always 2m.

2. (A, B)
For no wear and tear friction is zero
2

= Y _tan15°
R
= v:«/Rgtanls0 =28.1m/s

Ve = Ry +tan6) =38.1m/s
1-ptan®

V=—/; .. V| dr (i.e.along the tangent)

5. (A, B, C)
T :mf(Dz, V= f(,l), Fvert =0
6. (A, B, D)
o= % _ constant, 0 = ot
Fy =—F sin 6 = —F sin ot

mv? .
=— Sin ot
R

Website: www.iitianspace.com | online.digitalpace.in m


http://www.iitianspace.com/

Vi = —vsind = —v sin ot
x-coordinate = R cos wt

7. (B,D)
If u=0.1, fmax = 0.1 x 0.5 x 10 = 0.5N
Req. centripetal force = mro? = 0.5 x 1 x 0.52 = .125N

f= % N, Tension = zero

If p=i, foax =i><0.5><10=0.25 N
20 20

f= % N, Tension = zero

1
If p=—o,f
u 40 max

f :%N, Tension =0

T NG —

1 (A)-R; (B)-P; (C)-S; (D)-Q
VT = K?rt? (given)

~ 1 05x10=0.125N
40

(@)  Centripetal force = mK?rt?

(b) Tangential force = m (3—\: =mKr

(© Power of centripetal force =F v=0

centripetal *

(d) Power of tangential force = Ia:t V=F vV

=m.K?r’t
2. (B)
Assuming no friction between m1 and m»
a1 = Ro? - l
ml
a2 = RO)Z - l
m2
ai > az
Friction on upper block acts towards left and on lower block towards right.
3. (A)
Let the required angular velocity be o
Then

T+umig=miRe?® ... (1)
T=pmg+mRe®> ... (2)
= 2 umig = (M1 — m2)Rw?
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10.

- o= /ﬂ=6.3rad/s
(ml_mZ)R

(B)
T = pmig + meRw?
=05x2x10+1x0.5x40=30N

(B)
V2
tanE) — design :1,
oR 2
V2
f=m(gsin9——cosej
R
=3005m/s
(A)
V2
fzm(—cose—gsinG]
R
=500/5m/s
(A)
0 :tan’11
2
©

2
mg sin 6 = mY
L

%m(1/3gL)2 :%mv2 +mgL(1+sin o)

f=sin™ (lj Alsov’® = 1gL
3 3

©
2 2 Ane?
h  —L(+sing)+ LV oS0
_Zg

_4oL

27
(B)
~m(BaL) =mg h,,,
= hmax :3_L

2

(1)
Q)
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T

1. Here frictional force will provide the required tangential and
centripetal force for the circular motion of car.
Force of friction will act along the direction of net acceleration.

2 2
f=m a2+(v—]
R
2 2
Car will skid when m ’az +[VEJ

, at+t!
=m,[a’+—
R
2.2 2yp2 M4
- - {M}
a
e . 1 . R/u’g? -a’
Till this time distance traveled by car is D = Eat2 . Putting value of t we get D = % :
a
2. The insect will slide when mg sin o becomes equal to fmax = 1N
limiting friction. At every instant the insect is in
equilibrium.
So, N =mg cosa
uN =mg sin a mgcosa mgsin o
= umgcoso=mgsina =>p=tan o => o =tan =
tan~1(1/3)
3. Applying Newton’s law towards the centre of circle we get
N = me’R

Let o be the minimum angular speed for which man is not falling. At
this instant its weight will be balanced by limiting friction acting
upwards.

i.e, AIN=mg=0.15x70 ®®>x 3=70 x 10

= o = 4.7 rad/sec.
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Applying Newton’s law along vertical we get

TCOSTC+TCOSTE: (1)
6 3
2mg
= T=
\/§ +1
Applying Newton’s law along horizontal.

3

We get Tcosg+Tcosg: Mo’R = Mo’ ——

= ®°

_20
= e
At position A
TacOSB'=mg

At position B
Tg—mgcosB =0
Tg =mgcosf

(B'=B)

2
: : v
According to question, a, =a, = =

dv V2 tdv  pdt

d R »Vo R
o A1t yp=Rv

v Vv, R R—tv,

27R T d _
= [ dx=Ry, = 2nR =

0 o R =WV, Vo
= T:B(l—e’Z“)

VO

Vs (tn(R-tvy)]

Lets assume that the particles meet at time t. Distance traveled by A

= distance traveled + 7R by B

242
= Vt+lx72Vt =vt+nR
2 257R
57R
= t="—
6V

distance travelled 11n

R 6
v+at  17v

T 5R

Angle traced by A=

Angular velocity =

PYQ : JEE Advanced
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(C.D)

2

S I . : mv
F 1 v = P =0 = kinetic energy = constant; F is constant (given) = = constant

= R = constant.

(A)
Radius of curvature in (a) is minimum

(A)

. 1
mgsmoczg mg cos oo = cot o = 3

(©€)
a = é‘tangential + anormal and é:tangential iS dOWﬂW&rd.
Kx cos 30° + mg cos 30° = ma. As x=% and K=%, a, =¥g ;

N + Kx cos 60° = mg cos 60° = N=3%
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