Chapter #5 Newton’s Law of Motion

Sol.

Sol.

SoLvEDp EXAMPLES

A heavy particle of mass 0.50 kg is hanging from a string fixed with the roof. Find the force exerted by the
string on the particle (as shown in figure). Take g = 9.8 m/s2.

The force acting on the particle are

(a) pull of the earth, 0.50 kg x 9.8 m/s? = 4.9N, vertically downward .

(b) pull of the string , T vertically upward.

The particle is at rest with respect to the earth (which we assume to be an inertial frame). Hence , the sum
of the forces should be zero. Therefore, T is 4.9N acting vertically upward.

A block of mass M is pulled on a smooth horizontal table by a string making an angle 6 with the horizontal
as shown in figure. If the acceleration of the block is ‘a’ find the force applied by the string and by the table
on the block.

M

1@

Let us consider the block as the system.

The forces on the block are

(a) pull of the earth , Mg vertically downward.

(b) contact force by the table ‘N’ vertically upward,

(c) pull of the string ‘T’ along the string.

The free body digrams for the block is shown in figure

N

<

4
Mg
The accleartion of the block is horizontal and towards the right. Take this direction as the X-axis and vertically
upward direction as the Y-axis. We have
component of Mg along the X-axis = 0
component of N along the X-axis = 0

component of T along the X-axis = TcosO

Hence , the total force along the X-axis = Tcos6
Using Newton's law, Tcost = Ma ()]
component of Mg along the Y-axis =-— Mg

component of N along the Y-axis = N

component of T along the Y-axis = T sin 6

Total force along the Y-axis =N + T sin6 — Mg
Using Newton’s law, N + T sin®6 - Mg =0 (i)

Ma
From equation (i), T = oS0 Putting this in equation (ii)

N= Mg — Ma tan 6.

The block shown in figure has a mass M and descends with an acceleration a. The mass of the string below
the point Ais m. Find the tension in the string at the point A and the lower end.
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Figure 5.11

Consider “the block + part of the string below A” as the system. Let the tention at Abe T. The forces acting
on this system are

(a) (M+ m)g, downward, by the earth

(b) T, upward, by the upper part of the string.

The first is gravitional and the second is electromagnetic.We do not have to write the force by the string on
the block. This electromagnetic force is by one part of the system on the other part. Only the forces acting
on the system by the objects other than the system are to be included.

The system is desending with an accleration a ,Taking the downward direction as the X-axis is

(M+m)g-T=(M+m)a
of, T=M+mg-8) . 0]

We have omitted the free body digram. This you can do if you can draw the free body digram in your mind
and write the equations correctly.
To get the tension T at the lower end we can put

m =0 in (i)
Effectively , we take the point A at the lower end. Thus
we get T'=M(g-a).

A pendulum is hanging from the celling of a car having an acceleration a, with respect to the road. Find the
angle made by the string with the vertical.

The situation is shwn in figure a. Suppose the mass of the bob is m and the string makes an angle ¢ with
the vertical. We shall work from the car frame. This frame is noninertial as it has an acceleration a, with
respect to an inertial frame (the road). Hence , if we use Newton’s second law we shall have to include a
pseudo force.

0 - E o AT
=
ma, Y- -
gO; §O; A
(a) (b)

Take the bob as the system.

The forces are :

(a) T along the string , by the string.
(b) mg downwards , by the earth
(c) ma, towards left (pseudo force)

The free body digram is shown in figure b. As the bob is at rest (remember we are discussing the motion
with respect to the car) the forces in (a), (b), (c) should add to zero. Take X-axis along the forward horizontal
direction and Y-axis along the upward vertical direction.

The components of the forces along the X-axis give

Tsin® —ma, or, Tsin6 =ma, ... (i
and the components Y-axis give
Tcos6—mg=0 of, Tcos6=mg .. (i)

Dividing (i) by (i) tan6 =a,/g.
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Thus the string makes an angle tan-'(a, / g) with the vertical.

QUESTIONS FOR SHORT ANSWER

The apparent weight of an object incresases in an elevator while accelerating upward . A moongphaliwala

sells his moongphali using a beam balance in an elevator. Will he gain more if the elevator is acclerating up
2

A boy puts a heavy box of mass M on his head and jumps down from the top of a multistoried building to the
ground. How much is the force exerted by the box on his head during his free fall ? Does the force greately
increase during the period he balances himself after striking the ground ?

A person drops a coin. Describe the path of the coin as seen by the person if he is in
(a) car moving at constant velocity and
(b) in a freely falling elevator.

Is it possible for a particle to describe a curved path if no force acts on it ? Does your answer depend on the
frame of reference choosen to view the particle?

You are riding in a car. The driver suddenly applies the brakes and you are pushed forward. Who pushed you
forward?

It is sometimes heard that inertial frame of reference is only an ideal concept and no such inertial frame
actually exists. Comment

An objectis placed far away from all the objects that can exert force on it. Aframe of reference is constructed
by taking the origin and axes fixed in this object. Will the frame be necessarily inertial?

Figure shows a light spring balance connected to two blocks of mass 20 kg each. The graduations in the
balance measure the tension in the spring .

(a) What is the reading of the balance ?

(b) Will the reading change if the balance is heavy , say 2.0 kg.?

(c) What will happen if the spring is light but the blocks have unequal masses ?

HHHHH

The acceleration of a particle is zero as measured from an inertial frame of reference. Can we conclude that
no force acts on the particle ?

Suppose you are running fast in a field when you suddenly find a snake in front of you. You stop quickly.
Which force is responsible for your deceleration ?

If you jump barefooted on a hard surface , your legs get injured . But they are not injured if you jump on a soft
surface like sand or pillow. Explain.

According to Newton’s third law each team pulls the opposite team with equal force in a tug of war. Why then
one team wins and the other looses ?

A spy jumps from an airplane with his parachute. The spy accelerates downward for some time when the
parachute opens. The acceleration is suddenly checked and the spy slowly falls on the ground . Explain the
action of parachute in checking the acceleration.

Consider a book lying on a table. The weight of the book and the normal force by the table on the book are
equal in magnitude and opposite in direction. Is this an example of Newton’s third law?

Two blocks of unequal masses are tied by a spring . The blocks are pulled streching the spring slightly and
the system is released on a frictionless horizontal platform. Are the forces due to the spring on the two
blocks equal and opposite ? K yes, is it an example of Newton’s third law?

When atrain starts , the head of a standing passenger seems to be pushed backward. Analysis the situation

from the ground frame. Does it reallygo backward? Comming back to the train frame, how do you explain the
backward movement of the head on the basis of Newton's laws?
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A plumb bob is hung from the ceiling of a train compartment. If the train moves with an accleration ‘a’ along

a straight horizontal track, the string supporting the bob makes an angle angle tan! (Ej with the normal to
g

the ceiling. Suppose the train moves on an inclined straight track with uniform velocity. If the angle of incline

a
is, tan (aj the string again makes the same angle with the normal to the ceiling. Can a person sitting

inside the compartment tell by looking at the plumb line whether the train is acclerated on a horizontal
straight track or it is going on an incline ? If yes, how? if no, suggest a method to do so.

. .
Objective - |
A body of weight w, is suspended from the ceiling of a room through a chain of weight w,. The ceiling pulls the
chain by a force

w, TR ! I W, TR H =T kT TEEAT § HA K9  AHE T T BT R T W AT T aA
3 -

@w, (b) w, cHw, +w, (d) W1t W

When a horse pulls a cart , the force to move forward is the force exerted by

ST BT U M Rl Giedr €, @ TSl W §gd ¥ WEEN o 98 9o €, S oW Sl § -

(a) the cart on the horse (b*) the ground on the horse
(c) the ground on the cart (d) the horse on the ground
(a) TET BV ®E W (b*) STHH g1 =g W
(c) ST BT et W (d)®E g e\ W

Horce pushes the earth. Earth acts reaction force on the horse.

A car accelerates on a horizontal road due to the forse exerted by

TF THAA Afas 9eF W HR F ARG FORG g R ST 2 -
(a) the engin of the car  (b) the driver of the car  (c) the earth (d*) the road

(a)FR & T5F g1 (b) TSF FW (c) ge=t g (CHREEIHR

A block of mass 10 kg is suspended through two loght spring balance as shown in figure (5-Q2)

FoaER & oiea foim qemett & 10 fFan soa9= 1 TF solih deshran T § -

(a*) Both the sales will read 10 kg.

T genstt ®1 ureArs 10 . g

(b) Both the sales will read 5 kg.

T genstt ®T ureArw 5w g

(c) The upper sale will read 10 kg and the lower zero.

I et qe w1 reA 10 TR 3 A= aret 1w g
(d) The readings may be anything but their sum will be 10 kg.
weAE FB ot g Tha1 €, fheq SR A 10 R = m

A block of mass m is placed on a smooth inclined plane of inclination 6 with the horizontal. The force
exerted by the plane on the block has a magnitude

Afdsl ¥ 0 HI W g gY T T GHAA W m FAHME HT Th sAlh W@l A €1 HHASl g sl T
A T S w1 AR B -

(@ mg (b) mg/cos 0 (c*) mgcos 0 (d) mgtano

manishkumarphysics.in




Chapter #5 Newton’s Law of Motion

6.

Sol.

10.

11.

Ablock of mass m is placed on a smooth wedge of inclination 6 . The whole system is accelerated horizon-
tally so that the block does not slip on the wedge. The force exerted by the wedge on the block has a
magnitude.

0 FHE AT 9 FITA W m FHTE T scdlh @ g3 21 gul e afaw fiem # 3@ yeR @t
TeRaTSITeT ® sefih Adael W fherar € 81 Tdaqel g seld WerE T S T qREr 8-

(a) mg (b*) mg/cos 6 (c) mgcos 6 (d)y mgtan 6

Neglect the effect of rotation of the earth. Suppose the earth suddenly stops attracting objects placed near
its surface. A person standing on the surface of the earth will

gt & T H g 99 fafsd) wme gest oot wae W feud Swqett @ UHeH W STRfid w9k
FT I T Yo BT HWAE W @ST gIN Al -

(a) fly up (b) slip along the surface
(c) fly along a tangent to the earth’s surface (d*) remain standing
(a) 38 ST (b) wdg W fraa S|

(c) geat ®T Hae W TRl (@ feyw & 3y WA (d*) @T W&IMI

Three rigid rods are joined to form an equilateral triangle ABC of side 1m. Three particles carrying charges 20
L C each are attached to the vertices of the triangle. The whole system is at rest always in an inertial
frame.The resultant force on the charged particle at A has the magnitude.

T qgg 9 1. 1 & querg S ABC® &9 ¥ WISl T @1 i w0 S g W 20 pC e
g, Bne & vief W S ™ ?1 gl fem e Seom e aen O fadeeen @ 21 AR fo mafya

F T RO o HTIRET § - [M.Bank_HCV_Ch.5_Ob.1_8§]
(A¥) zero (B)3.6N (C)3.64/3 N (D) 7.2N
Enet =ma

a = acceleration of charge of particle at A=0

Fret = 0-

Since whole system is at rst then Ais also at rest so resultant force on charge A is zero.

Aforce F, acts on a particle so as to accelerate it from rest to a velocity v. The force F is then replaced by
F, is then replaced by F, which decelerates it to rest.

TF feor F W 9@ F, 3 TER @Al € R A w0 B ARG F 3HE AT vE 41 81 O3S I
a0 F, & 9@ F, ¥ wfaenfaq &% 0w faumesen 9% semfeq fEn s @ -

(@) F, must be the equal to F, (b*) F, may be equalto F,

(c) F, must be unequal to F, (d) None of these

(a) F, fAfeed &9 & F, & swar €1 (b*) F,, F, % aXeR B HehaT €|
(c)F,fafvea 7 & F,& awax 7@ 2 (d)zm ¥ =g T&h

Two objects Aand B are thrown upward simultaneously with the same speed. The mass of Ais greater than
the mass of B .Suppose the air exerts a constant and equal force of resistance on the two bodies.

T TG ATABTF T THE oA ¥ TR HT 3R Teh! T B AHI 90, BH To90E 4 Afesh €1 AMIS
T & et WAy # iAo e o T wee 2

(a) The two bodies will reach the same height.

A TEGE TEE S q% Tg

(b*) Awill go higher than B.

B®I qa # Asifas S d% WA |

(c) B will go higher than A.

Al T ® B Afa® S d% WA

(d) Any of the above three may happen depending on the speed with which the objects are thrown.

TS B I hehd I WA H SMUNR IFd A § H wig off feafq wmE 2

A smooth wedge A is fitted in a chamber hanging from a fixed ceiling near the earth’s surface. A block B
placed at the top of the wedge takes a time T to slidedown the length. If the block is placed at the top of the
wedge and the cables supporting the chamber start accelerating it upward with an acceleration of ‘g’, at the
same instant, the block will. [HCV_Ch_5-0bj-1_11]
(A) take a time loger than T to slide down the wedge

(B*) take a time shorter than T to slide down the wedge
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(C) remain at the top of the wedge
(D) jump off the wedge

TH Tk 39 AT TR (FE) ¥ fer (fix) % W1 S §, 9eR st & e fRe fer 9 ¥ e
TA 1 TH TeHl BTG dd & Hudl (I) forg ¥ o qft g 9k fRger § @A T ol #1 SRR T,
a9 & T () fag W @ Sar € R S eor TE fEy SR Sem gem ¥, W & 3R g R’ ¥
@@ &A1 & © Sl @1 A 39 9 e B-
A a9 W A fRge § T9 & 99 @
(BY 99 W W fRuew § T &9 99T AWI
©) T (T fog W & @
(D) I W IPA AT

N

2mg sin 6
9

When chamber starts moving up by acceleration ‘g’, pseudo force mg acts downward on block.
Driving force is increased from mg sin 6 to 2 mg sin 6 hence acceleration is increased.

In an imaginary atmosphere, the air exerts a small force F on any particle in the direction of the particle’s
motion. A particle of mass m projected upward takes a time t, in reaching the maximum height and t, in the
return journey to the original point. Then

T HIeUh daTgAvSA U FU HI A & faudd Kem # 919 & FRO U W TH U g F Al 1 FW
F1 R TATT mFEE ® w0 FH AEH FAE 9F TEEd § T A ¢ q¢ IR Y gEuw fag
T A oM F t, WA @ €, qv -
@t <t (b t, > t,
et =t (d) the relation between t, and t, depends on the mass of the particle.

t, q9T t, % HEA WY R0 % FquH R o)

A person standing on the floor of an elevator drops a coin. The coin reaches the floor of the elevator is
stationary and in time t, if it is moving uniformly. Then

fawm & Wi W wer gon AfFd s fows frmar 21 foww v w wgen ®, afk faw fer @ @ (9w
T Afe fowe T wEW 90 § wfaefi € A+, 9 @ g, qi -
(@) t=t, (bt >t, ()t >t, (d)t, <t,ort, >t, depending

t, <t @t >t,38 | At wom 5 fawe sw s @ g @ A=

Afree 28U nucleus kept in a train emits an alpha particle. When the train is stationary, a nucleus decays and
a particle and the recoiling nucleus becomes x at time after the decay. If the decay takes place while the
train is moving at a uniform velocity v, the distance between the alpha particle and the recoiling nucleus at a
time t after the decay as ,measured by the passenger is

Th O Y @l g 2BUH GoFd ANAH Th o FHU SedtSid Hdm g1 e o FeR B a1 U ami uferd e
2 fr famved & 99 9vAq o ®0 Ud ufqefud i & e ami g ufed sia @ -

(8) x +vt (b) x —vt

(c*) x (d) depends on the direction of the train. 3 &1 7ifa &1 fegm T faefx =&

- -
Objective - Il
Areference frame attached to the earth
Tedl % WY g TH Y a0 2
(a) is an inertial frame by definition
R TR Sgeta e 9o 2
(b*) cannot be an inertial frame because the earth is revolving around the sun.
Srgefta e = T Bl Tehar 7, FEifE get g % WN iR uE W R
(c) is an inertial frame because Newton'’s laws are applicable in this frame.
T7 TH Sewld favr qon 7, FEifE 5@ fEw oo § =g & e e i @

(d*) cannot be an inertial frame because the earth is rotating about its angle.
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Tk TEYT G § SEH W U w0 feer f@rz gdr @1 ew Tk TR wehd © T

2. A particle stays at rest as seen in a frame. We can conclude that
T R T H IEd WuEw Fwu feer feer @ 21 gw faskd e wed € fF -
(a) the frame is inertial.
fder =1 e 2
(b) resultant force on the particle is zero.
U W RO 5o I B
(c*) the frame may be inertial but the resultant force on the particle is zero.
T q=1 S © "ewar €, fhwg ®o1 W aRom se v R
(d*) the frame may be noninertial but there is a nonzero resultant force.

frder q g @ gehar ® faheq oRomdt 5@ et R

3. A particle is found to be at rest when seen from a frame S, and moving with a constant velocity when seen

from another frame S,. Markout the possible options.

S, frfer = e W uw w0 fawerawen # frard @ @ 99 o fofw o S, ¥ Y W fra am
4 wifaefter femmE <@ @1 wet wedt w fafeq wA -

(a*) Both the frames are inertial (b*) Both the frames are noninertial.
(c) S, isinertial and S, is noninertial. (d) S, is noninertial and S, is inertial.

(a*)ﬁﬁﬁ%ﬂwagaﬁw gl (b*)ﬁﬁﬁ%ﬂﬁmaﬁw 2
(c)S, Ve & T S, swewd 31 (d) S, INEEA § qU1S, e B

4. Figure (5-Q3) shows the displacement of a particle going along the X-axis as a function of time. The force
acting on the particle is zero in the region.

foom @ X-ote7 & Srfew Tfaviier o1 w1 foReT W % o % w9 ¥ yeffa fear e @1 few den g
FU W @ @ AT A B -

(a*)AB (b) BC (c©)CD (d) DE
X
WE
A D
t
5. Figure shows a heavy block kept on a frictionless surface and being pulled by two ropes of equal mass m. At

t=0, the force on the left rope is withdrawn but the force on the right and continues to act. Let F, and F, be
the magnitudes of the forces by the right rope and the left rope on the block respectively.

o % wefefq ffan a1 ® % sr=v fed gae W R w9 sate, S SoEE mwl 7 WEE g
T ST W@} t=0WR, I WH W A W a9 gelferar Sl ¢ fheg e WH W o 9 96 T
®9 ¥ OTAT el §1 WA S T qem et Wt | o arel gat & ufkwn sweer: Foqen FLE -

m m
s /. % >
(@) F,=F,=F for t<O0 (b)F,=F,=F+mg for t<0
(©F,=F F,=F for t>0 (dF <k F,=F fort>0
6. The force exerted by the floor of an elevator on the foot of a person standing there is more than the weight of

the person if the elevator is

fare & wyf W @S A<H W I F AMA T IA FT HH SEH H R ¥ AR A R fearde
HCV_Ch-5_Obj.Il_6

(A*) going up and speeding up (B) going up and speeding down

(C) going down and speeding up (D*) going down and speeding down

(A) SR ST W 2 iR =l =gdl S W R (B) SR S Tt ¢ R =mer wredt S W@
(C)7= =1 W@ ® @R =l wedt W @Rl (D) 7= =T @ ® @R = s S W@ R
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or,

If the tension in the cable supporting an elevator is equal to the weight of elevator , the elevator may be

It fase & T2 3 A Fad § TE, fawR ® R ® seR 7, @ fauwe @ g@d § -

(a) going up with increasing speed. (b) going down with incresing speed.
(c*) going up with uniform speed. (d*) going down with uniform speed.
(@)= ¥ gfg & Ty W H AR Tfaeiia (b)y=ra ® gfg & @y A=+ AR Tfaeiia
(c*) FW HT 3TN THAAN = ¥ Tavie (d%) = &t 3R TH A o1d ¥ Tfavie

A particle is observed from frames two S, and S, . The frame S2 moves with respectto S, with an accelera-
tiona.LetF and F, be the pseudo forces on the particle when seen from S, and S, respectively. Which of the
following are not possible ?

TH F0 H A A an S qens, W Yfww fe o wr @1 fdw qen s @ wnw v 9o S, @ a
¥ Tfaefier €1 AR S T S, H U W T AT A ae FRT: F AAF, T A | e g
T T -

(@F,=0,F, 20 (b)F,20,F,=0 (©)F,# 0,F,»0 (d*)F,=0,F,=0

A person says that he measured the acceleration of a particle to be nonzero while no force was acting on the
particle.

T AfFd Fedl € fF Tawn W HE 9 A T& ¢ 9 HS gR AT w0 HT @R Tl e -
(a) Heis a liar.

IE AT T

(b) His clock might have been longer than the standrad.

IgF wet i = @ R

(c) His meter scale might have been longer than the standrad.

IHHT HR Thel AHH G o7 2

(d*) He might have used noninertial frame.

e gt ey o # feua 2

WoRrkep Out EXAMPLES

A body of mass m is suspended by two strings making angles o and B with the horizontal. Find the

tensions in the strings.

Take the body of mass m as the system. The forces acting on the system are
(i) mg downwards (by the earth)

(ii) T, along the first string (by the first string) and

(iii) T, along the second string (by the second string)

These forces are shown in figure. As the body is in equilibrium , these forces must add to zero. Taking
horizontal components,

T

T,cosa~-T,cosfB +mgcos > =0
Tcosa =T,ecosp ... (i)
Taking vertical components,
Tsina +Tsinp-mg=0 ... (i)

Eliminating T, from (i) and (ii),

) coso. .
T,sina +T,——sinf} =mg

cosp
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T mg mgcosp
or, = =—
1 Sina+COS(xsinB sin(o +P)
cosp
mgcos
From (i), gcosa

2~ Sn(a+p)

Two bodies of masses m,  and m, are connected by a light string going over a smooth light pulley at the end
of anincline. The mass m_ lies on the incline and m, hangs vertically. The system is at rest. Find the angle
of the incline and the force exerted by the incline on the body of mass m, .(figure)

m,

0
Figure 5-W2

Figure shows the situation with the forces on m, and m, shown. Take the body of mass m, as the system
. The forces acting on it are

m.g
0

(i) m,g vertically downward (by the earth)

(i) T vertically upward (by the string)

As the system is at rest , these forces should add to zero.

This gives T=mg .. ®

Next, consider the body of mass m, as the system. The forces acting on this system are

(i) m,g vertically downward (by the earth)

(i T along the string up the incline (by the string),

(iii) N normal to the incline (by the incline).

As the string and the pulley are all light and smooth, the tension in the string is uniform everywhere. Hence
same T is used for the equations of m, and m,. As the system is in equilibrium , these forces should add to
zero.

Taking components parallel to the incline,

T
T =m,gcos (E_ej =mgsine ... (ii)

Taking components along the normal to the incline,
N =mgcoso L. (iii)
Eliminating T from (i) and (ii) ,
m,g = m.gsino
of, sin@= m,/ m;
giving 0 =sin*(m,/m)

From (iii) N =m,g1-(m,/m,)>

Abullet moving at 250 m/s penetrates 5 cm into a tree limb before coming to rest. Assuming that the force
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Sol.

Sol.

Sol.

Sol.

exerted by the tree limb is uniform, find its magnitude . Mass of the bullet is 10g.
The tree limb exerts a force on the bullet in the direction opposite to its velocity. This force causes decleration
and hence the velocity decreases from 250 m/s to zero in 5 cm. We have to find the force exerted by the
tree limb on the bullet. If a be the decleration of the bullet, we have,
u=250m/s,v=0,x=5cm =0.05m
(250m/s)? -02

.. - 2
giving, a= 5%0.05m = 625000 m/s?.

The force on the bullet is F = ma = 6250 N.

The force on a particle of mass 10 gis (i 10 + j 5). If it starts from rest , what would be its position at time
t =5s?
We have F_= 10N giving
= 10N
a=-Xx
* m 0.01kg
As this is a case of constant acceleration in x—direction,

= 1000 m/s2.

1 1
X=ut+ Eax 2= 2 x 1000 m/s? x (5s)?

= 12500 m.
_ Fy 5N
Similarly , a, = Y =0 0Tkg =500 m/s?
and y= 6250 m

Thus the position of the particle att = 5s is,

7 = (112500 + j 6250) m .

With what acceleration 'a’ should the box of figure descend so that the block of mass M exerts a force Mg/
4 on the floor of the box?

S
Figure 5-W4

The block is at rest with respect to the box which is accelerated with respect to the ground. Hence the
acceleration of the block with respect to the ground is ‘a’ downward. The forces on the block are
(i) Mg downward (by the earth) and
(ii) N upward (by the floor)
The equation of motion of the block is , therefore
Mg — N = Ma.
IfN= Mg/4,the above equations gives a =3g/4. The block and hence the box should descend with an
acceleration 3g/4 .

Ablock ‘A’ of mass is tied to a fixed point C on a horizontal table through a string passing round a massless
smooth pulley B (figure). A force F is applied by the experimenter to the pulley. Show that if the pulley is
displaced by a distance x and the block will be displaced by 2x. Find the acceleration of the block and the

pulley.

C B
A —2F

L

Suppose the pulley is displayed to B and the block to A’ (Figure). The length of the string is CB + BA and
is also equal to CB + BB’ + B'B + BA'. Hence CB + BA’ + AA’ =CB + BB’ + B'B + BA' or, AA = 2BB".
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Chapter #5 Newton’s Law of Motion
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Figure 5-W6

The displacement of Ais , therefore , twice the displacement of B in any given time interval. Differentiating
twice, we find that the acceleration of Ais twice the accelaration of B.

To find the acceleration of the block we will need the tension in the string. That can be obtained by consid-
ering the pulley as the system.
The forces acting on the pulley are

(i) F towards right by the experimenter ,
(ii) T towards left by the portion BC of the string and
(iii) T towards left by the portion BA of the string .

The vertical forces , if any add to zero as there is no vertical motion.
As the mass of the pulley is zero, the equation of motion is
F-2T=0 giving T=F/2
Now consider the block as the system. The only horizontal force acting on the block is the tension T

F
towards right. The acceleration of the block is , therefore a=T /M = ——. The acceleration of the pulley is

2m
F
/2= —.
a 4dm
7. Asmooth ring A of mass m can slide on a fixed horizontal rod.A string tied to the ring passes over a fixed

pulley B and carries a block C of mass M (= 2 m) as shown in figure. At an instant the string between the
ring and the pulley makes an angle 6 with the rod. (a) Show that, if the ring slides with a speed v, the block
descends with speed vcos 0 .(b) With what acceleration will the ring start moving if the system is relesed
from rest with 6 =30°?

A~ >V

Figure 5-W7

Sol. (a) Suppose in a small time interval At the ring is displaced from Ato A’ (figure) and the block from C to C'.
Drop a perpendicular A'P from A’ to AB. For small displacement A’'B = PB. Since the length of the string is
constant, we have

1
ic

Figure 5-W8
AB + BC = A'B + BC’
or, AP + PB + BC =A'B + BC'
or, AP =BC’'—BC =CC’ (as A’ B=PB)
or, AA' cosb =CC’

manishkumarphysics.in Page # 11



Chapter #5 Newton’s Law of Motion

Sol.

AA'cosf _ CC'
At T At
or, (velocity of the ring) cos 6 = (velocity of the block).

(b) If the initial accelaration of the ring is a, that of the block willbe a cos 6 . Let T be the tension in the string
at this instant. Consider the block as the system. The forces acting on the block are

or,

(i) Mg downwards due to the earth, and
(ii) T upwards due to the string.
The equation of motion of the block is
Mg-T=Macos6 ... 0]
Now consider the ring as the system. The forces on the ring are

(i) Mg downwards due to gravity
(ii)N upward due to the rod.
(i) T along the string due to the string.
Taking components along the rod, the equation of motion of the ring is
T cos® =ma (i)
From (i) and (ii),
ma

Mg—Fse=Macose

Mg cos6

or a="_ - 5
m + M cos® 0

Putting 6 =30°, M=2mand g = 9.8 m/s?; a = 6.78 m/s2.

A light rope fixed at one end to a wooden clamp on the ground passes over a tree branch and hangs on the
other side. It makes an angle of 30° with the ground. A man weighing (60 kg) wants to climb up the rope.
The wooden clamp can come out of the ground if on upward force greater than 360N is applied to it. Find the
maximum acceleration in the upward direction with which the man can climb safely. Neglect friction at the
tree branch. Take g = 10 m/s2.

Let T be the tenstion in the rope. The upward force on the clamp is T sin 30° = T/2. The maximum tension
that will not detach the clamp from the ground is, therefore, given by
LI 360 N
5 =
or T=720N
If the acceleration of the man in the upward direction is a, the equation of motion of the man is
T-600N = (60kg) a
the maximum acceleration of the man for safe climbing is, therefore,

720N -600N ,
a= —GOKg =2 m/s2.

Three blocks of masses m , m, and m, are connected as shown in the figure. All the surfaces are friction-
less and the string and the pulleys are light. Find the acceleration of m,.

manishkumarphysics.in Page # 12



Chapter #5 Newton’s Law of Motion

Sol.

m 1
TI7TTITT.

T

Suppose the accelerationof m_ is a, towards right. That will also be the downward acceleration of the pulley
B because the string connecting m, and B is constant in length. Also the string connecting m, and m, has
a constant length. This implies that the decreases in the separation between m, and B equals the increase
in the separation between m, and B. So, the upward acceleration of m, with respect to B equals to the
downward acceleation of m, with respect to B. Let this acceleration be a.

The acceleration of m, with respect to the ground = a, — a (downward) and the acceleration of m, with
respect to the ground = a, + a (downward).

These accleration will be used in Netwon’s laws. Let the tension be T in the upper string and T’ in the the
lower string. Consider the motion of the pulley B.

—>q,

m 1
TTTT7TITT77

The forces on this light puelly are
(a) T upwards by the upper string and
(b) 2T’ downwards by the lower string.
As the mass of the pulley is negligible,
2T'=T=0
given T=T2 0]
Motion of m_ :
The acceleration is a, in the horizontal direction. The force on m_ are
(a) T by the string (horizontal)
(b) m,g by the earth (vertically downwards) and
(c) N by the table (vertically upwards)
In the horizontal direction, the equation is
T=ma, (i)
Motion of m, : acceleration is a,—a
(@) m,g downward by the earth and
(b) T = T/2 upward by the string
Thus, mg-T/2=m,(a,—a) ....ccecvrennn. (iii)
Motion of m, : The accelaration is (a, + a) downward. The forces on m, are
(@) m,g downward by the earth
(b) T'=T / 2upward by the string. Thus,

mg-T/2=m,(a,+a) .. (iv)
We want to calculate a , so we shall eliminate T and from (ii) , (i) and (iv)
Putting T from (ii) and (iii) and (iv),

m,g—-m;a,/2 m,a,
a,-a=———— =0—- —
m, 2m,
Mgg—-Myag /2 m,a,
and a,ta=" = —
3 2m,
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Chapter #5 Newton’s Law of Motion

10.

Sol.

11.

m,a
Adding ZaO:ZQ—A (i+i]
2 (m, my
miag (1, 1
or %=97 4 (m, m,
or, a, |:1+ﬂ[i + ij:l =g
41m, my
_ 9
o LT m(1 1
4[m2 msj

A particle slides down a smooth inclined plane of elevation 0 fixed in an elevator going up with an accelera-
tion a (figure). The base of the incline has a length L. Find the time taken by the particle to reach the bottom.

Tao
)

— | —

SONNOANNN]

Let us work in the elevator frame. Apseudo force ma, in the frame . A pseudo force ma, in the downward
direction is to be applied on the particle of mass m together with the real forces.
Thus , the forces on m are (figure)

(i) N normal force,
(i) mg downward (by the earth),
(iii) ma, downward (pseudo)

Let a be the acclearation of the particles with respect to the incline. Taking components of the forces parallel
to the incline and applying Newton’s law,

mgsin® + magsing = ma
of, a =(g+ay)sing
This is the acceleration with respect to the elevator. In this frame , the distance travelled by the particle is L
/ cos 9. Hence,

1
- H 2
cos0 - 2(g+a0) sing .t

or, t= 2L :
’ " | (g+ay)sin6coso

All the surface shown in figure are assumed to be frictionless. The block of mass m slides on the prism which
in turn slides backward on the horizontal surface. Find the acceleration of the smaller block with respect to
the prism.
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Chapter #5 Newton’s Law of Motion

Sol.

) M

0

Let the acceleration of the prism be a in the backward direction. Consider the motion of the smller block from
the frame of the prism.

The forces on the block are (figure 5-W15a)

(i) N normal force,

(i) mg downward (gravity)

(iif) ma, forward (pseudo)

ma,

mg

o
Mg
The block slides down the plane . Components of the forces parallel to the incline give
ma,cosf +mgsing =ma

of, a =a,cos0 +gsind (1)
Components of the force perpendicular to the incline give
N + ma.sin® = mgcos (D]

Now consider the motion of the prism from the lab frame. No pseudo force is needed as the frame used in
interial. The forces are (Figure 5-w15b)

(i) Mg downward,

(ii) N normal to the incline (by the block),

(iii) N" upward (by the horizontal surface)

Horizontal components give

Nsin6 =Ma, or N=Ma,/sing ... (iii)
Putting in (ii)
mag + o
Sino ma,sin® = mgcos
mgsin®cos o
or, %% = M+msin?0
. _ mgsinBcos? 0 _ _ (M+m)gsin6
From (i), a = m +gsing = M+msin2 0

EXERCISE

A block of mass 2 kg placed on a long frictionless horizontal table is pulled horizontally by a constant force
F. It is found to move 10m in the first two seconds. Find the magnitude of F.

TH A TURfed @fas Tad W @ gI 2 TR semm w1 uw savw, aifas feenm § Fua @ @ier S
W@ R F% Teel & Ywve # 10m . fewenfyd g €1 Fe1 qREOr @ wic|

[Ans: 10 N]
A car moving at 40 km/h is to be stopped by applying brakes in the next 4.0 m .If the car weights 2000 kg,
what average force must be applied on it ? [Ans: 3.1 x 10*N]

40 forrfi/erer &1 =Tet ¥ TfaEiiel T PR T Sk T STl 4.0 38 ¥ U €1 AR FR T AR 2000
fopm. ®, @ 3 W SN T e ool fhd @ 2
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Chapter #5 Newton’s Law of Motion

3.

In a TV picture tube electrons are ejected from the cathode with negligible speed and reach a velocity of 5
x 10% m/s in travelling one centimeter. Assuming straight line motion, find the constant force exerted on the
electron. The mass of the electron is 9.1 x 10-3! kg.

et 1 fyFreR oga o Selle W Scfsd selgeil 1 a0 ghal §, 9O Tk UeeHiel Wl U Rl
AT 5x 100 /W, Bl W1 €1 A Wl W@ MG g el T o ool T o 9d S| gt
T FeAUH 9.1 x 10 FeRum 21

[Ans: 1.1 x 105 N]

A block of mass 0.2 kg is suspended from the ceiling by a light string. A second block of mass 0.3 kg is
suspended from the first block through anotherstring. Find the tensions in the two string joining the blocks.

0.2 U1, S 1 TUUe T TSRl &l WEEdl ¥ ©q U WHEl T §1 TH 3 S % Werdl ¥ 0.3
fFm. somm &1 T @ fave, wedt fave ¥ oewmn wET @1 ST S ® a9 9 i)

(g = 10 ./9.2)

[Ans:5N & 3N]

Two blocks of equal mass m are tied to each other through a line string. One of the blocks is pulled along the
line joining them with a constant force F. Find the tension in the string joining the blocks.

UM T m® Y ek Th S ¥ ¥R SR %l Werddl § 9" T B TTH H TH saich Hl !
forer areft Y@ & ofeeT fad S FY ©ien ST ®1 <M selfehl i Sied areft SR g 9 S
Ans:F/2

A particle of mass 50 g moves on a straight line. The variation of speed with time is shown in figure. Find the
force acting on the particle att =2, 4 and 6 seconds.

50 T FSAHM HT Tk FU GG @ & SR Mavid ¥ THE & W TR 9§ uedq o gyafetd
21 t=2,47716THUS W HU T o7 @ 9 A HiA|

v(m/s)
151

10+
54

0 2 4 6 81(s)

[Ans : 0.25 N along the motion , zero and 0.25 N opoosite to the motion]

Two blocks A and B of mass m, and m respectively are kept in contact on a frictionless table. The experi-
menter pushes the block A from behind so that the blocks accelerate . If the block A exert a force F on the
block B, what is the force exerted by the experimenter on A ?

m, T m_FEE & A sAlw AT BTH T TS § TF TNURET 90 W W gL T TA Fai
sk A% TS W uwad 8, o s @fa B €1 Al sate A saie BT F A T @ a1 Wl
BN el AT @A T 9 fha § 2

m;
Ans : F(“ —j

Raindrops of radius 1 mm and mass 4 mg are falling with a speed of 30 m/s on the head of a bald person. The
drops splash on the head and come to rest. Assuming equivalently that the drops cover a distance equal to
their radii on the head , estimate the force exerted by each drop on the head.

1 faefr. Freen qem 4 fmon. somE 9wl @ E TR TS SAfFd & feR W 30H/A. W § R W R §)
iR R Bt fomraeen # o1 Wt @1 AR 97 W W fF e % fR W ST e & sweR wom
O ® 9 g 9% R fER W amEr T 9o 96 S|

Ans:1.8N

A particle of mass 0.3 kg is subjected to a force F = —kx with k = 150 N.m. What will be its intial acceleration
if it is released from a point x =20 cm ?

0.3 U1 S & Th w01 W Th o F = —kx (k = 150 =J/5.) o T @1 g s@at fovg x =20
Mt W BT W A THRT SRETH @RISR ST ?
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10.

11.

Ans.

12.

13.

Ans:10m/s?]

Both the springs shown in figure are unstretched. If the block is displaced by a distance x and released,
what will be intial acceleration.

foon % wefefa =t 7w I fot fom ©i=h g€ 1 afk sofe & x40 9w forenfug e wig famm 9@ dr
Rt @Ror fRa g 2

L] |tk

[Ans : (k, + kz)i opposite to the displacement ]
m

Asmall block B is placed on another block A of mass 5 kg and length 20 cm. Intially the block B is near the
right end of block A (figure). A constant horizontal force of 10 N is applied to the block A. All the surfaces are
assumed frictionless. Find the time elapsed before the block B separates from A. HCV_Ch-5_Ex._11

TH TeH BRI 5kg FHM T 20 cm oHE a1l S % AT @1 ST €1 I | TRH1 B, o AS
Tt SR stfem fot @ B (PR | e AT 10N &1 T &fast a5 aman sar @1 9eft gaet
H TYUEE "M Teh B Tk A T 8 H Y& ol HHF I IO FifST

B

10N A

T T mnouIn
0.45s
A man has fallen into a ditch of width d and two of his friends are slowly pulling him out using a light rope and

two fixed pulleys as shown in figure. Show that the force (assumed equal for both the friends) exerted by
each friend on the rope increases as the man moves up. Find the force when the man is at a depth h.

Th AEH dEIEE H TH @rE W R S @ SR SHe o S SH fR-ofR goml Wl g S #1 SR @t
® 71 fag =ifeg for &3 <ea g e T 9 ((<H SRl & T S i) s A Se-s e S

ST €, S&al ST &1 Sl 1 HH Saqrgy 9ol o8 h TeUE W HCV_Ch-5_Ex. 12
_ O Q
h
umu

[Ans : %\/dz +4h?]

The elevator shown in figure is descending with an acceleration of 2 m/s2. The mass of the block Ais 0.5 kg.
What force is exerted by the block A on the block B ? Solve the problem taking (a) ground as the frame (b)
lift as the frame. [HCV_Q. 13_chapter_5]

foon # wefefa forme = %1 o 2W./A. 2w g Tfaeiiel §1 sofs AT geq9 0.5 fFum 21 saih A%
§RI seffeh Belal AT &t fehaem € ? Solve the problem taking (a) ground as the frame (b) lift as the frame.

12 m/S2 [4]
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Chapter #5 Newton’s Law of Motion

Sol.

14,

15.

16.

17.

A 2
] 12 m/s
B

m, = 0.5 kg N

(&) inground frame T
mg—-N=mx2 A la=2m/s2

L N=0.5(10-2)

N =4 Newton

(b) in lift frame

netforce zero

mg T N
F = ma = psedo force

= N+ mg=ma
s N = 4 newtons m
[Ans : 4N] 9

Apendulum bob of mass 50 g is suspended from the ceiling of an elevator. Find the tension in the string if the
elevator (a) goes up with acceleration 1.2 m/s?, (b) goes up with deceleration 1.2 m/s? (c) goes up with
uniform velocity, (d) goes down with acceleration 1.2 m/s?, (e) goes down with deceleration 1.2 m/s? and (f)
goes down with uniform velocity.

T fA9 H B W AChE T W Aol % did 1 oAU 50 W Bl BRI T a9 [ S A fawe
(8) R HT 3T 1.27./Q.2 @0 § &1 @ 21 (b) T &1 iR 1.2H/4.2 s/@ded § o1 W 81 (C) T
F AR TH GHEAT G S W@ R (d) = H AR L2W AR ¥ S W Rl (e) = iR 1.2+./4.
2gEmed W W W@ RN ()Y w1 SR TH WAHE AT @ S @ R
[Ans: (a) 0.55N (b)0.43N(c)0.49N (d) 0.43N (e) 0.55N (f) 0.49 N]
A person is standing on a weighing machine placed on the floor of an elevator. The elevator starts going up
with some acceleration, moves with uniform velocity for a while and finally decelerates to stop. The maximum
and the minimum weights recorded are 72 kg and 60 kg. Assuming that the magnitudes of the acceleration
and the deceleration are the same, find (a) the true weight of the person and (b) the magnitude of the
acceleration. Take g = 9.9 m/s2.
ot fow # wel W W 9R qeie R Tk g @er §1 TR %3 o’ ¥ S S YR i § qel /9
THI T HAF A7 ¥ Wil g1 o W WiEd Rl ek Wl ¢ WA 1 s ~gAaH WA 72 kg q
60 kg Tl TR R T T URH UH GUF WAG U A K| () ST F T WRI (b) RO HT GREON Take
g =9.9 m/s2 HCV_Ch-5_Ex_15

[Ans : 66 kg and 0.9 m/s|]
Find the reading of the spring balance as shown in figure (5-E6). The elevator is going up with an acceleration
of g/10, the pulley and the string are light and the pulley is smooth.
o # Ty SER FE-qeT 1 v sasu faw FW SR g/10, ©Ror § S W ¥ qelt qon W gt
T e geft falt R HCV_Ch-5_Ex_16

HHHHH
—

0/10

1.5 kg

F73.0kg

[Ans: 4.4kg]

A block of 2 kg is suspended from the ceiling through a massless spring of spring constant k = 100 N/m.
What is the elongation of the spring ? If another 1 kg. is added to the block, what would be the further
elongation ?

k=100 =/, s@ fraais &1 RER foim &t g 9 2 fFm. somm &1 0% salsk od § dehan
T @1 TR T YR fRa ® 2 At 1fRI. R T U o selleh SR @esht e SWodr e & wEr
% fowatt gfg B 2

Ans:0.2mand 0.1 m
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18.

19.

20.

21.

22.

23.

Suppose the celing in the previous problem is that of an elevator which is going up with an acceleration of 2.0
m/s?.Find the elongations.

Ift fuzel 999 W a9 Th fawe &1 B, S fR S H1 SN 2.0 HW./A.2@Ror | Tiaviel §1 WHR T AIE A6
Earof

Ans :0.24m,0.12m

The force of buoyancy exerted by the atmosphere on a ballon is B in the upward direction and remains
constant.The force of air resistance on the ballon acts opposite to the direction of velocity and is propotional

to it. The ballon carries a mass M and is found to fall down near the earth’s surface with a constant velocity
v. How much mass should be removed from the ballon so that it may rise with a constant velocity v ?

Th TR BT AFATSA & HIUl Sceltad ol Tad Uitdrer &1 qel S i S ol 81 TR T o]
BT S0 o gHET T w1 G & faud qon o % Gl g 81 [eaR W MESHE € a1 T
gt *1 "ag ¥ g fom a7 vE iR @1 R TR ¥ R gerum %u feen W@ fed g fraa
AT vE FTW FI AR I3 @2

Ans: Z(M—Ej]
g

An empty plastic box of mass m is found to accelerate up at the rate of g/6 when placed deep inside water.
How much sand should be placed inside the box so that it may accelerate down at the rate of g / 6.

M SSAA T TATEeh T Tk @iell fesan Sa I § oW g #R Vg KA Er € ol g6 RO ¥ SR
1 AR arrar B1 fess § fopat W X € 9 6 9 F9 #1 @R g/6wRY § @ia @ ?
Ans : 2m /5]

Aforce F = VxA is exerted on a particle in addition to the force of gravity, where v is the velocity of the

particle and A is a constant vector in the horizontal direction. With what minimum speed a particle of mass
m be projected so that it continues to move undeflected with a constant velocity.

TF F W TETN T F ARFd Th A a9 F = VxA @ W@ ¥, Tehy H H AT q4q1 A afast fawm
F e wfeer 81 mEeHE % %01 H an R ure ¥ afhd R s fe g fasfed gy o fem
I G A HwAT W@ ?

Ans : mg/A]

In a simple Atwood machine , two unequal masses m, and m, are connected by a string going over a
clamped light smooth pulley. In a typical arrangement (figure ) m, = 300 g and m, = 600g. The system is
released from rest. (a) Find the distance travelled by the first block in the first two seconds. (b) Find the
tension in the string . (c) Find the force exerted by the clamp on the pulley. [HCV_Ex.22]

T T Tege (Atwood) AT | =ror eq wad feer foret @™ w6 vREM T #1 TRmEdr ¥ I 3wHE
FHE m, T m, AehTe &1 Foe # wefvia ww fafere smewen @ m, =300 wEAHTm, =600 T T
Frenm 1 faRraTeEen 9 sigT ST 81 (a) IR < YhUST § YW sefih g a9 1 TS g @ R
(b) S ® 19 A1q HA  (c) FOW F g ERA W AT T S AT HA

Ans:(@)6.5m (b)3.9N (c) 7.8 N]

Consider the Atwood machine of the previous problem. The larger mass is stopped for a moment at 2.0 s
after the system is set into motion. Find the time elapsed before the string is tight again.

frgd 799 &t Tege WY =ewe fafge, v arel $omE & I RET gF % 2.0 YU &0 R & fag
et T 21 9 TS T gHI HT 9 SART " EH H gEaRN g9 S S 2

Ans:2/3s]
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24,

25.

26.

Sol.

27.

Figure shows a uniform rod of length 30 cm having a mass of 3.0 kg. The strings shown in the figure are
pulled by constant forces of 20 N and 32 N. Find the force exerted by the 20 cm part of the rod on the 10 cm
part. All the surfaces are smooth and the strings and the pulleys are light. HCV_Ch-5_Ex._24

feon o fe@rE T 30 cm @ Al T HHEY ©g 61 goF|E 3.0 kg @1 T U few wE e w wEen: 20
NTT32 N et ¥ Gen S 81 20 cm arel 90T g 10 cm &Tel 9T W @I ¢ ot o1 H9 1 i) qeft
gag i TohT A qm W A Yelt H o AH|

10cm 20 cm
T

20N 32N
[Ans: 24 N]

Consider the situation shown in figure. All the surface are frictionless and the string and the pulley are light.
Find the magnitude of the acceleration of the two blocks.

o o weffa seeen W foeR HfE) oo gag = fed @ den SiEl w ferfEt vReH R0 SRl
% @O 1 GRATT F16 S

1.0 kg 1.0 kg

3m 4m

5m

Ans :g /10
A constant force F =m_g /2 is applied on the block of mass m, as shown in figure.[The stﬁng an]d the pulley
are light and the surface of the table is smooth. Find the acceleration of m..
feRTIER m,_ 5o79M & seffh R Th a0 sl F=m g/ 27 @1 21 e o foreft oRdia @ qen feret
F1 Tag =N Wed B m F @O @ B

m1
F
4_
[T T T
m2
Net driving force
a=
Total mass
_ myg-F __Meg drioht. A
a= m, +m, = a= 2(m1+m2) toward right. ns

In figure m =5 kg, m, = 2 kg and F = 1N. Find the acceleration of either block. Describe the motion of m.,
if the string breaks but F continues to act.

o o wefefd m =5f6m, m,=2fFm. qo1 F=1=a g1 fodt off sais &1 =01 9@ *wiEn afw el 2
STt # fheg F AR @ e €, @ mo Rt ifa w5 e wiE)

m,
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Sol.

28.

29.

30.

31.

[Ans : 4.3 m/s?, moves downward with acceleration g + 0.2 m/s?]

_ (mg+F)—(myg+F) 3

— = 2
a= m, +m, =3 x10=4.3m/s
when string breakes

m,g+F
a=" =g+ 0.2 =10.2 m/s2 downward.
1

Letm, =1kg, m,=2kgandm,=3Kkg infigure shown. Find the acceleration of m , m, and m_.The string from
the upper pulley to m_ is 20 cm when the system is released from rest. How long will it take before m_ strikes
the pulley ? HCV_Ch-5_Ex. 28

fosm 4 fe@rg M@ m, =1kg, m,=2kgdem, =3 kg HHT m,, m, q&Tm, 1 @O SR IR AT Gelt
¥ m, & d= g0 20ecme 5 fba w1 fowm ¥ Brer S @1 m et W ew ¥ e wwa o 2

[Ans : Eg (up), Eg (down), 21 g (down), 0.25s]
29 29 29

In the previous problem suppose m, = 2.0 kg and m, = 3.0 kg. What should be the mass m so that it remains
atrest ?

frset W ° AMIE m,=2.0 U1 qom m,=3.0fFm m &1 wH feaw & fo o' foummacen € o1 w®
Ans : 4.8kg

u’cos?0

Calculate the tension in the string shown in figure M

.The pulley and the string are light and all the

surfaces are frictionless. Take g = 10 m/s2.

oo o wefdfa S & are 1 o i e qen S vREN @ aen ferfwEt e <fed @1 )g =10+
/4.2)

1kg

1 kg

[Ans: 5N ]

Calculate the situation shown in figure. Both the pulleys and the string are light and all the surfaces are
frictionless. (a) Find the acceleration of the mass M.(b) Find the tension in the string. (c) Calculate the force
exerted by the clamp on the pulley A in the figure.

oo o yefvfa feafa wfamm &i@1 SHl ferfEt qon Sifdl vREH € qen wwed gag = fed 21 (a)
M ST T @0 A0 &A1 (b) S | I91d J1d S| (¢) F™ & g ot AT TR T 9 A1
Earef

2M g

M

[Ans: (a)2g/3 (b)Mg/3 (c) 42 Mg/ 3 at an angle of 45° with the horizontal ]
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Chapter #5 Newton’s Law of Motion

32.

33.

34.

Sol.

Find the acceleration of the block of mass M in the situation shown in figure. All the surfaces are frictionless
and the pulleys and the string are light. HCV_Ch-5_Ex._32
feon @ femme T frafa # M oAU 9T e w1 RO Fargdl gl gag srouEE ? iR qeft qem et

THAEN R

30°
2M

[Ans : g /3 up the plane]

Find the mass M of the hanging block in figure which will prevent the smaller block from slipping over the
triangular block. All the surface are frictionless and the string and the pulleys are light.

fomm % k@M MMM arel e& &1 A9 Jdigd difch I8 B e hl g e W fRee § I& ¥l
goft wae TUEH qO S aer gelt geh @

HCV_Ch-5_Ex._33

~ M+m
" cotf-1

[Ans |

Find the acceleration of the blocks A and B in the three situations shown in figure.

oo o wefyfa f= o= ofifeafaat = fag safei Ademr B& @R J1@ S|

2 kg

ITHTTTTTTTTTTTITTTTITTTTITITIITITH T

4 kg

B 5kg B| [5kg 1 kg A

2
[Ans: (a) 79 downward , % upward

b E f d i d d
(b) 73 9 forward , T=g downwar

2
¢) g downward, g upward
3 3

@ ForA:
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Chapter #5 Newton’s Law of Motion

35.

36.

4g-T=4a . (i)
ForB:

2T-5g = 5@) ............. (ii)
Solving (i) & (ii)

2
Acceleration of A=a= 7 g downward

a 1
Acceleration of B= — = 7 g upwards.

2
) ForA:
T=2a (i)
For B :

a
5g— 2T = 5(§j ............. (ii)
Solving (i) & (ii)

10
Acceleration of A=a = 139 Rightwards

. a 5

Acceleration of B = 513 g downward.
(©) ForA:

20-T=2a e 0]

ForB:
a ..

2T-1g= 5 e (i)

Solving (1) & (2)
2

Acceleration of A = a=39 { (downward)

Acceleration of B = %T (upward) .

Find the acceleartion of the 500 g block in figures.
fesn #Au=fefa 500 UM WM % SAle 1 @O T Hid|

100 g

500 g
30°

50g

8
[Ans : 139 downward]

A monkey of mass 15 kg is climbing on a rope with one end fixed to the ceiling .If it wishes to go up with an
acceleration of 1 m/s? , how much force should it apply to the rope? If the rope is 5m long and the monkey
starts from rest, how much time will it take to reach the ceiling ?

T R § B9 ¥ e g8 W W 15 TR g 1 T 9= =g W@ ¢l A 98 W H AR 1H./A
2%ER0 § WG wifedl €, 9 98 Wl W fRaAT Sol e 2 AfE WE i ofeg 5. ® qe sl e
Y T GAT w1 €, A OSHH! B qh GO § feha wwA @ ?

[Ans: 165N, 4/10s ]
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Chapter #5 Newton’s Law of Motion

37.

38.

39.

A monkey is climbing on a rope that goes over a smooth light pulley and supports a block of equal mass at
the other end (figure). Show that whatever force the monkey exerts on the rope, the monkey and the block
move in the same direction with equal acceleration. If intially both were at rest, their separation will not
change as time passes.

=0 e T aEH o ¥ Tk i TR e @ fee T fR W e ¥ W1 § 9um g f| W
A A H T solleh oiesh @l €1 (Fem) o1 i T o=t =R Rl @1 ool o, IR Se qell
TR T o faen § §EE @R 9 Tfaeia gh1 At we # I foumeeen # o, a9 6 We @
g % WY uiafdd &t g

The monkey B shown in figure is holding on to the tail of the monkey Awhich is climbing on a rope. The
masses of the monkeys A and B are 5 kg and 2 kg respectively. If Acan tolerate a tension of 30 N in its
tail, what force should it apply on the rope in order to carry the monkeyB with it ? Take g = 10 m/s2.

[HCV_Ch-5_Ex._38]
o % @ MY S B X AT U8 I Uk W1 § W R S i iR g W ¥ ATAIB % SHHM HAI:
5kg a2 kg€l SR AT U W 30 N T o1 q1d T8+ Y Teohal & dl I8 o<l Wl W Foha ot oy
qIMF a8 9= BH! 3 g of &1 & 2 g = 10 m/s? T

[Ans : Between 70 N and 105 N]

Figure shows a man of mass 60 kg standing on a light weighing machine kept in a box of mass 30 kg. The
box is hanging from a pulley fixed to the ceiling through a light rope, the other end of which is held by the man
himself. If the man manages to keep the box ar rest, what is the weightshown by the machine ? What force
should be exert on the rope to get his correct weight on the machine ?

oo & wefvfd foher T 2 fRF 60 RN, SouHM 1 U safed YR died i 9 R @l €, 98 " 30
U, %o & T AfFd W @ A9l 98 S Tk O ¥ TeRd ol WREA W 6 U T ¥ wew
T %, Toaeh quw a0 e a4 whe @ @1 ol a9 W ook W1 A s sterd i feRmee
F g ar 7, 9 7Y gRy A T SHET R fHaw © 2 9% Wl W fraw o9 o, fed weiA
TR ITEAfae TR YEfd #E 2
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Chapter #5 Newton’s Law of Motion

40.

41.

42.

[Ans : 15 kg, 1800 N]

Ablock A can slide on a frictionless incline of angle 6 and length ¢, kept inside an elevator going up with
uniform velocity v (figure). Find the time taken by the block to slide down the length of the incline if it is
released from the top of the incline.

IR F AR TH GAH 97 v Taeia fawe § g qen 0 e dren Sru fed 9 9d W@l ge v, 39
T T R TH otk AfRwa gwar ¢ (Feen) aft sats &1 99 90 % ¥ fag 9 BT W@ 9 swaAl T
Td & FEUl e q% TRHad § o are 99d §1d S|

L
i

[Ans: i]
"\ gsine

A car is speeding up on a horizontal roadwith a constant acceleration a. Calculate in the following situations
in the car. (i) A ball is suspended from the ceiling. Find the angle made by the string if the block & string
remain static w.r. to car. (i) A block is kept on a smooth fixed incline and does not slip on the fixed incline
with the horizontal. HCV_Ch-5_Ex_41

% R Afae ggw R fEd =)o a® fd wE {1 wR G e feafa w5 e s

(i) Tk TR H g Bd ¥ WeH @ T W g S T RO kT G AR SR TR q W SR % |e
feer w1

(ii) T Tk TEeR Taael TR TH ekt W@ I © SR e dfqe ¥ Taad W R fhee @ R

[Ans : tan-(a/g) in each case]

A block is kept on the floor of an elevator at rest. The elevator starts descending with an acceleration of 12 m/
s2.Find the displacement of the block during the first 0.2s after the start. Take g = 10 m/s?.
Th T H faw & Yl fom W @ S @1 fawe 12m/s? s @Ro ¥ A e g et 1o g

B % YUW 0.2sW Tew 1 Tagurad fha g (g = 10 Ho/dsko? i) HCV_Ch-5_Ex._ 42

[Ans : 20 cm]
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