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ION ht line unless acted y
'3 LAWS OF MOT o stralg Pang
CHAPTER &) "“"P: It:c of rest or uniform motion in ,
LA W I, E verybody continues iy its 3
an external force.
This is sometimes called the law of inertia
Detinition = -
oving on
Inertia is the reluctance of a body to start m
already in motion.

it's at rest or to stop moving if its

is suddenly stopped,
fast moving car 2
erhs forward when a ' b by e
E’p"’g;:“’;ye‘:?;}’:‘::::;r:’ because of inertia. When the car |ss:3u:ihc::eforce g b s
tends tog conjtinue in uniform motion in astraich t line becau

does not act on the passenger

i the applied force and
LAW II: The rate of change of momentum of a body is directly proportional to
takes place in the direction of the force.

d its velocity changes to vy,
Consider a mass m moving with velocity u. If the mass is acted on bykG florie Fan
By Newton’s law of motion 1§ asy

5 S u k=1
E o mvy muzl\(rm mu) = Bt (vu) kma
v-u :

[F=ma |
Since a = — Notes F must be the resultant force

t
When F = IN, m = 1kg and a = lms™*

LAW IIIs To every action there is an equal but opposite reactions.

F 1 = = F 2
Example of 3™ law of motion
< A gun moves backwards on firing it. < A ball bounces on hitting the ground.

Rochet engine propulsion

Fuel is burnt in the combustion chamber and exhaust gases are expelled at a high velocity. This
leads to a large backwardmomentum. From conservation of momentum an equal forward

momentum is gained by the rocket, due to continuous combustion of fuel there is a change in
the forward momentum which leads to the thrust hence maintaining the motion of the rocket

4.1.0: IDENTIFICATION OF FORCES AND THE APPLICATION OF NEWTON'S LAWS
1.

Consider a body of mass m placed on either a stationary platform or a platform moving at a constant

velocity
. R R is normal reaction )
m Mg is gravitational pull [weight]
mg R =

2

mg since (a=0) constant velocity
Mass m placed on a smooth inclined plane of angle of inclination 6

% All objects pjaced on, or moying on an inclined

plane experience a force m sinf
the plane. [It doesnit matter what direction the body is moving] > e
< If the plane is rough the body experiences q fri

ctional force whose difect ion i :
to the direction of motion. e difet ion is onnae-
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Examples;
. A car of mass 1000kg is accelerating at 2ms-2
((,')) '\;U“:nt resultant force acts on the c.cr7
i e resistance t i i o
s AN, o the motion s 1O0ON, what force is due to the engine?

— _—%_ it
(i) g Fp =1000 = ma

(') =
1000 g =3 g == ¥
K H 1000kg F'I' =TGN0 = l()()()XZ

F=ma = 1000x2 = 2000N The resistance force should act Fr = 3000N

Resultant force is 2000N ;Zr‘Z:F;O::i dirhection'to the
2. A car moves alon O the engine
g alevel road at g constant vebcity of 22m/s. If its engine is exerting a forward force

of 2000N, what resistance is the car experiencing

Solution
_ —ax0ms-? 2000 —Ri= ma
R, <__{O :’__»2000,“ But a = 0 since it moves with constant velocity
: 2000 -Ri= 0
Using F = ma Ri= 2000N

3 T\fVﬁ blocks A ond_ B conaced as shown below on a horizontal friction less floor and pulled to the right
with an acceleration of 2ms2 by a force P, if mi = 50kg and m; = 10kg. what are the values of T and P

e R o=
Solution
Using FF = ma For m,7 = 10x2=20N P—-20=100
P = 120N

For mp P —T = 50x2 = 100......[1] | Put into equation (1) P —T = 100
4. A Lorry of 3 tones pulls 2 trailers each of mass 2 tones along a horizontal road, if the lorry is accelerating
at 0.8ms™? calculate
a) Net force acting on the whole combination
b) The tension in the coupling between the lorry and 1* trailer.
¢) The tension in the coupling between the 1* and 2™ trailer.
Solution
0.8ms’* Putinto[2): T, —-T,= 1600
— ik 1: & ' Btonasy—»-Fr T, — 1600 = 1600
A g | T, = 3200N
Put into [1] F-T; = 2400
For the lorrys F; — T; = 3000x0.8 = 2400.....(1) F — 3200 = 2400
For 1" trailers 7, — T, = 2000x0.8 = 1600.....(2) F =5600N

For 2"° trailers 7, = 2000x0.8 = 1600N

Exercise: 10 - o
1. A large card board box of mass 0.75kg is pushed 2. A box of §Ohg is pu_\lied up frorp a ship with a
across a horizontal floor by a force of 4.5N. The acceleration .of 1ms? by a vertical rope
motion of the box is opposed by a frictional force of crtitc:c‘\:w'e(:i t& |t.t . a
d the floor , and an aif i. Find the tension on the rope.
:.essri\sjt:::\:?s:c:h;vbe%x l:; kv? where k = ii. What is the tension in the rope \fhe?:hi
b . . -‘ ml
6.0x10~2k gm™! and v is the speed of the box in m/s. moves up with a uniform velocity o
-] lat 9 An [540“,490“] ‘ -t
calculate; - . J e
i 3. A lift moves up and down with an acceler
il sommn :f tf;e 2::/,’ 7.1m/$) of 2ms2 In each case, calculate the reo.cho.n
(B35 et n(d. ’ the floor on a man of mass 50kg stqnc}l[\? L
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Motion on in dfne d planes

Examples
. A body of mass 5kg is P

acting parallel to the pl
a) Accelera

Solution

ulled up a sm
ane. Find
tion of the body

b)

a) Resolving parallel to the plane: F =ma

40- 5gsin30 = ma

2. A lorry of mass 3 tones travelling at 90

pull between its tyres and the road remains cons
distance of 500m. Find the tractive pull

Solution
u = 90km/h - IBelel _ opme=l
3600
3600
_oms, — E
300023\5\%(l .
s =0° ~4q 3000gCo0s30
3000gN ¥
Resolving along the plane
Fr = 3000gsin® = 3000a

| i ke this on ECOLEBOOKS. COM

ooth plane inclined at 30

b) Force exerted on the

kmm/h st ats to climb an in :
tant and that its velocity

o to the horizontal by a force of 40N .

body by the plane

81sin30 = 5xd )
a = 3.0957’7'[5_a

40 - 5x9.
S.
Force e x eted on the body by the plane is thy

normal reaction

R = 5gcos30 = 5x9.81cos30= 42.4N

dine of1in 5. Assuming the tractive
reduces to sakm/hin a

1
Fr - 3000x9.81xz= 3000a

F - 5886 = 3000a....cccoeses nasnll)
But vZ = u? + 2as
152 = 252 + 2ax500
a = —0.4ms™?
put into () F - 5886 = 3000a
F = —3000x0.4 + 5886 = 4686N
The tactive force is 4686N

rain trr::velling uniformly at 72km/h begins an ascent on 1in 75. The tractive force which the engine
exerts during the ascent is constant at 24.5kN, the resistance due to friction and air is also constant at

14.7kN, given the mass of the whole train is 225 tones. Find the distance a train moves up the plane

before coming to Fest.
Solution

2 R
___ajl‘.?»-/ - -
e
woSne__
e R4 ™.
a - mMmgCoso

mgN

1in 75 means sin@ =% ~ 6 = 076°

resistance force: R, = 14.7kN
tractive force: F; = 24.5kN
F ;- (mgsin@ + R;) = ma

Exercises11
The.resistance to the motion of the train due to
friction is equal to 1/160 of the werght of the train

if the train i i /
rain is travelling on a level road at 72kmh3,

and comes to the foot of an iacline of 1i

: 1in 150 and
steam 1-5 thgn turned off, how far will the train go
up the incline before it comes to rest
An(1579.99m) '

12m length of the slope. If the try
. ck starts f
the bottom of the slope with g speed of fa,;;r}‘h

1
24500—(225000x9.81x7—5- + 14700) = 2250(

a = —0.087ms2
its deceleration = 0.087ms—2

g
vZ = u®+ 2as [v = om/scomes to rest]

* 02 = 202 + 2(-0.087)s
~400 = —0.174s
S =2298.85m

how far up will it travel bef i
ore co
ey ming to rest

A car of 1 1tonne accelerates from 36kmh to
72 {{mh while moving 0.5kmh~! up a road
inclined at an angle of g to the horizontal, where

R
sina = = If the total resistive force to its motion

is 0.3hN, f|nd t Faa, :
An(1009N), he driving force of the car engine
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4. Arailway truck of mass 6,
.ar_w oc.celerction of 0.0SOm(:‘::(:i’;Tjsw rg?ues With_ (a) The plane is smooth
,slmclmed1 to the horizontql at an cnglerc;ch :}htch (b) There is a frictional resistance of 9o N
sina = e F hd the STE—— : Where AH(S-Om?,LOm._:).
An(2.0x10°N). otion 9. A car of mass 1000kg tows a caravan of mass
5. A body of mass 5.0Rg is pull 600kg up a rc.>od which rises Im vertically for
b e 2 pulled along a smooth e\_ielty 20m of its length. There are constant
acting at 60° aboye t}r:t @s of force of 40N frictional resistance of 200N and 100N to the
B i € :brizontal. Find Motion of the car and to the motion of the
A (;) he body caravan "'espectlvely. The combination has an
s v exerts on the ground cccelerotlor) gf 1.2ms™? with the engine exerting o
T e enginet ; 15.4N). conzt;mércz'if!vln? force. Find
. OFf mass 100 tones is = N
fblme pf truch'_ of total mass 80 tones. ZE:ES:::; i ) Leamalemn Ty S6i S Ha PinEa«aim,
o reis nlc? resistance to motion, f ihd the tension in i
3 5c;0‘:‘,‘|: ;r:]gtl'?:tt?;en the engine and the leq . 10.A 7;’5hg block rgsts at the top of a smpoth plane
s no whose length s 2.0m and whose height at
. eleration of 0.020ms=2 elevated end is 0.5m. how long will it take for the
(b) Is moving at constant velocity An(25.6kN). ek bs siikle S0 tiie Batiows of plasie Wi
7. A5000kg engine pulls a train of 5 trucks, each of RElGeREE ST
2000kg along a horizontal track. If the s 1. Three forces act on a block as shown, the block is
exerts a force of 50,000N and the frictional placed on a smooth plane inclined at 60°
resistance is 5000N, calculate: ' Tt
@ Net accelerating force
@i Acceleration of the train
(iii) Force of truck 1 on truck 2
a~ calculate; .
Sp— mz:(::;ozhoc{:: :::»m‘ ’|24'°°h°‘:)'. a) Acc.elt.arat.ion of the block up the plane
- St Al -th gh _ n aplane which is | p) Gain in kinetic energy in 5s after moving
incline o the horizontal. Find the from rest An(1.5ms?,140.625))

acceleration no of the body , if:

4.1.13s Motion of connected particles
When two particles are connected by a light inextensible string passing over a smooth pulley and

allowed to move freely, then as long as the string is tight, the following must be observed.

Acceleration of one body in general direction of motion is equal to the acceleration of the other

e The tension T in the string is constant.

Examples
1. Two particles of masses 5kg and 3kg are connected by a light inelastic string passing over’a smooth

fixed pulley. Find; -
() Acceleration of the particles

(ii) The tension in the string 1 (iii) The force on the pulley

Solution
— a =2X98.81 __-2.45ms-2
T T " iT-3g =3a
ot = T = 3x2.45 + 3x9.81 = 36.78N
3gN  '5gN iiifForce on the pulley
Using F = ma _ =
For Shkg masss 59 -T = 5a.-------+----+-('2_.) -
AN = Femarer (|1
For 3kg mcmit T 3...'9 (?;a = R = 2T = 2x36.78 = 73.56N
P P lal — ey B, sl iliann T 7q§6N
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htorizontal tab

ing on asmoot
2. Amass of 9kg resting e b the o

smooth pulley at the edge of the t
@ Common acceleration i
(iii) The force on the pulley in the system |
$olution

I_'Eﬂti)- —
JgN |ﬁ."f yams '

i 7gN
Using F = ma

For 7hg masss1 7g — T = 7Quccccseeen. ()
For 9kg mass: T =
Put (i) into (i): 7g —9a
3.

ams™?

—————

The figure shows a block of mass 20 kg resting on a smooth horizo
strings which pass over pulleys at the edges of the table to two

which hang vertically. Calculate;

(i) Acceleration of 16kg mass i
(iii) Reaction on each pulley
Solution

Using F = ma
For 16kg mass 16g - T, = 16a........ [1]

For 20kg man T ,-T ,=20a...........[2] .
Forshgmass T, — 8g =8a........... [3]
Addingtand2: 169 — T, = 36Q.men]X]
And (3) and (x): 8g = 44a
8x9.81 2

a=—-—=1784ms"
44

i) Tension in each string
16g-T, = 16a

Exerciser12

Two particles of masses 7kg and 3kg are connected
by a light inelastic string passing over a smooth
fixed pulley. Find;

(i) Acceleration of the particles

(i) The tension in the string

(iii) The force on the pulley An(3.92mf{,

41.16N, 82.32N)

2. Two particles of masses 6kg and 2kg are connected

le is connected by
lley is @ 7¥2g mass ha

g

by a light inextensible string passing over a smooth

| i ke this on ECOLEBOOKS. COM

a light string passing q,,
ngingfeely; find
Gi) The tension n the st hg

Er§l

its allowed to move freely. ':
g _7X9B1 4 999 mg-t
a - e '
(i) Tension: T = 9a=ll 9x4.292 = 38.63N
(iii) The force on the pulley N
T F
q T
p o JTZFTZ =TVZ = 3863\2
Force on the pulley = 54.63N i

——
—————)

b exdl
rtal tdole. Its connected by
loads of masses 8kg and 16kg

(i) Tension in each string

7, = 16x98il- 16x1.784 = 128.416N
Tz — 89 = 8a

T, = 8x1.784 + B20BI= 92.752N
ii) Reaction on each pulley

T4 R4
;qn
R, = |12 472 = TAE = 1284162

R, = 181.61N
2 "'2

2

R, = T,N2=92.75242 = 131171IN ~

fixed pulley. With the masses hanging vertically,
system is released from rest. Find;
(i) Acceleration of the particles
(ii) The tension in the string
(i) Distance mgued by the 6kg mass in the
first 2 seconds of motion
An(4.9ms*,3N, 9.8m)
3. A man of mass 70kg and a bucket of bricks ©
mass 100kg are tied to the opposite ends of ©
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which passes over a fricti
ctionl
hang vertically downward seis Bl
(a) what is the tensio nin the section of the

section of rope i
_ PRortihgthe m
(b) What is the Qdceeration of the bi:het
An( 807.06N, 1.73ms™?)

Two particles of masses 20g and 30g are

connected to a fine strj i
Y passing ove
pulley, when released fredy find: KRR

(» Common acceleration
(i) The tension in the string
(iii) The force on the pulley
An [1.962m;s™ ,0.235N ,0.471IN]
A mass of 5kg is placed on g smooth horizontal
table and connected by a hght string to a 3kg mass
passing over a smooth pulley at the edge of the

table and hanging freely. If the system is allowed to
move, calculate;

Y so that they

4.

Si.

a) The commoOn acceleration of the masses

b) The tension in the string

¢) The force acting on the pulley
An[3.68m/s?, 18.4N, 26N]

6. Two objects of mass 3kg and 5kg are attached to
the ends of a cord which passes over a fixed
frictionless pulley placed at 4.5m above the floor.
The objects are held at rest with 3 kg mass touching
the floor and the 5kg mass at 4m above the
ground and then released, what i

(i) The acceleration of the systeme
An(2.45ms™).
(i) The tension of the cord An(36.75N).
(i) Time will elapse before the 5kg object
hits the floor An(1.81s)e

R
The diagram shows a particle A of mass M=
2kg resting on a hori'zontal table. It is attached
to particles B of m =5kg and C of m= 3!:29 by
light inextensible strings hanging over light
smooth pulleys. If the system is allowed to

like this ECOLEBOOKS.

of the particle and the tension in each string
given that the surface of the table is rough and
the coefficient of friction between the particle
and the surface of the table is %
An[0.98m{%, 32.37N, 44.15N]

E_—_' _ﬁf\—_____'_.é

T le diagram shows a particle A of mass 2kg
resting on a rough horizontal table of coefficient of
friction 0.5. It is attached to particles B of mass
Skg and C of mass 3kg by light inextensible
strings hanging over light smooth pulleys. If the
system is allowed to move from rest, find the
common accelelfation of the particle and the
tension in each string. An[©.98mif, 32.37N,
44.15N]

ey
—=l =
The diagram shows a particle A of mass S5kg
resting on a rough horizontal table. It is
attached to particles B of mass 3kg and C of
mass 2k g by light inextensible strings hanging
over light smooth pulleys. If the system is
released from rest, body B descends with an
acceleration of 0.28ms™?, find the ¢ coefficient of
friction between the body A and the surface of

the table An[ 3]
1o.
= o

The diagram shows a particle A of mass 10kg
resting on a smooth horizontal table. it is
attached to particles B of mass 4kg and C of

mass 7k g by light inextensible strings hanging
over light smooth pulleys. If the system is allowed
to move from rest, find the common acceleration
of the particle and the tension in each string. An

[1.4ms®,44.8N, 38.8N]

1 ; ; [

move from rest, find the common acceleration

4.1.2: LINEAR MO
Momentum is the product of mass an

Momentum (p) =mass X uelogity
p =mv y

nasidtia n: | inear mmentum (p) is the produ

MENTUM AND IMPULSE
d velocity of the bod

y moving in a straight line

Momentum is a vector quantity

& of the mass and the velocity of the body moving in
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on a bOdy

ich the force acts

IMPULSE . o for wh
This is the pr o ductféhe force 0”(‘:)“'“9 sl
ie. Impuke () = Force(F) xtime F=Ft
has it vebcj
dyofmass(m) city
fos o af?:mywwton's 2" law.

The unit of impulse is Ns. ; mentum O
a change in MO time t, then | = mv—mu

An iMmpulse Produces E acting on it in
tov by a force F @ :
changed from u oFt - my —mu Impulse = change in momentum
E= ]
- i eriences a force
Seample; i ith a constant velo cty of 2ms 1 when it exp of
1. A body of mass 5kg is initially moving Wi
10N is 2s, find
e i i dy by the force _
i) The impulse given to the bo
Eii)) The velocity of the body when the force stops acting
Solution —— v
| = ft = 10x2 = 20Ns ' g e
ce which acts on her

I = my =1 . < o PO
2. A girl of mass 50kg jumps onto the ground from a héid t of 2m. Calcd
when she lands N
() As she bends her knees and stops within 0.2's

(i) As she keeps her legs straight and stops in 0.05s
Solution | .
N v?=yu? +2gs Hilng 5 __171vtmu iy F= I
i 6.03-0
v? = 0% + 2x9.81x2 F==50(6(.)(;3—0)= 1507.5N F _50( .03 I 6030N

v =v39.24 = 6.03ms™!

4.1.3: WHY LONG JUMPER BEND KNEES$
By bending the knees, the time taken to come to rest is increased, which reduces the rate of change

of momentum, therefore the forceon the jumpers legs is reduced thus less pain on the legs.

Questions

1. Explain why, when catching a fast moving ball, the hands are drawn backwards while ball is
being brought to rest.

Explain why a long jumper must land on sand
Why is it much more painful to be hit by a hailstone of mass 0.005kg falling at 5m/s which
bounces off your head than by a raindrop of the same mass and falling at the same velocity

but which breaks up on hitting you and does not bounce?*( numerical answered is required)

2.
3

4.1.4: LAW OF CONSERVATION OF LINEAR MOMENTUM
It states that for a system of colliding bodies, their total linear momentum remains constant j
nstant in a given

direction provided no external forces acts on them,
Suppose a body A of mass m, and velocit i i

pose , y U, collides w
moving in the same direction ith another body B of mass M2 and velocty Uz

Before Colllision
@e>—— s s al isi
-~ B - Eo NN v
By principle of conservation of momentum °
[ mqiuq + mMous =

Total momentum

before collision otalmome Um

after Collision
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m——me— - - mwws ws SIIG FGAWVW i
or conservation of momentum using Newton’s law

Let two bodies A and B with
o - masses mi and m - sEbL s e
velocities after collision be vy and v, respectiuelj ?;?:iunnqi\:)iht?mol velocities uy and u2 and let their
By Newton’s 29 |qu: ith (Vi<v2)

my(vy—u,) m,(vy—uy)
Forceonm,: F, = Ma-u) t = — 2
t myv, — myu, = —
Force onm,: F, = = Z2(a—2) ol it MaVs + MU,
B N i ’ : 2 3 S MUy + moU, = Mmyv, + m,v,
y Newton's 3" A _
3 law: Fi= -F, Hence m,u; + m,u, = constant

In an isolated system .
of the colliding bodie»s.momentum is always conserved but this is not always true of the kinetic energy

In many collisio s .
and so:nd ns, some of the kinetic energy is converted into other forms of energy such as heat, light

. Types of collisions
1. Elastic collisions
It is als? Perfectly elastic collision. This is a type of collision in which all Rinetic energy is conserved.
E g collision between molecules, electrons.
2. Inelastic collision
This is a tyPe of collision in which the kinetic energy is not conserved.
3. Completely inelastic collision ]
This is‘a type of collision in which the bodies stick together after impact and move with a common
velocity. £g a bullet embedded in a target
4. Enplosive collision (super elastic)
This is one where there is an increase in K.E.

Summary

Elastic collision Inelastic collision Perfectly inelastic

<+ Linear momentum is %+ Linear momentum is % Linear momentum is
conserved conserved ' conserved

& Kinetic energy is conserved < K.eis not conserved < K.e is not conserved

< Bodies separate after < Bodies separate after <+ Bodies stick together and
collision . collision move with a common

& Coefficient of restitution & Coefficient of restitution is velocity
(elasticity)=1 (e=1) less than 1 (e<1) <+ e=0

4.1.7s Mathematic treatment of elastic collision .
Consider' an object of mass m, moving to the right with velocity ui. If the object makes a head-
elastic collision with another body of mass mz2 moving with a velocity us in the same directi

Let vy and vz be the velocities of the two bodies after collision.

. ml(uf—v3)=mz(v%—u%) """""
Before collision After collision from equation 1 and 2 then
A B A B my(u; —vy) _ mp(va — Uus)
() (m) ()t (s G2 —vD) Ml — 1)
N (uy —v1) B (v, — U2)
By conservation of momentum ( + v) (s — V1) = (g + uz) (Vs —
muu, +mpuz = ™t + m,V; 1 _
my(u, —v1) = m, (V2 — Uus) (1] (uy +vy) 2t Us)
For elastic collision k.e is conserved Uy 4+ vy = Vg U2
14 m.ul + ¥ m_qu;z, = ¥ 77111»712 + %2 mzvzz UV, — V= -‘(U: = 1‘1)
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alt) I"ld (V]
ith @ re V' Ir
d-on co'lmor pe
sad” fte
Examples _ . d u, males aheo i oo
1. A particle P of mass m,, travclhf\? wtth ,O stri’ce‘:md t]he spaeks of PO , ot
particle Q of mass 1. If the collision is elas ; _
m -
respectively. Show that forf3 =,;;‘ v ‘__’{:1,
u p+1 (") 1y B J
@) -\.-_: - ETI. T,}(# 1
Solution (uit Y "E L= 1751
Y = )
A 8 8 vy ﬂ/}) = lll(ﬁ ]
() ) @) (" mlt X%
@)B_f_'> 1 After impacl Ug —/f% ".‘__,,.-—‘
efore impac < a- Lrll ﬁi—l = B U])
By law of conservation of momentum ii) Fro mv';’p.-a g = plt
myu y = Myv; + MaVy="""""="== --[x] from equation[
(u,—w»)= 7‘?1’2 s Lfus — "1 - (xx)
. _ V2 uz+ﬂ']:| put g
Therefore u; —v; = 7 u, =— g
e (1] +'E'U )
g (uv 1) =V i 1+ﬁ
for elastic collision h.e is w_merued o i _(_/
; Al e v
o myu? =¥amyv;? +% MoV, 3 S =G By
ml(ulz—vlz)zmz(vgz) (v, +ﬂ1271)(,3v ——ﬁv1’_ﬁvl+ ﬁ 1 "
Py, ? v P )= 1,0 Br,+ B7V1 z
puf —vi) =vj [2] (/3—21)=2ﬁ171
equating [1] and [2] : 11’722 e
B(uf — v2)=[B (s —v1)] == 2
/)’(Ulz = ij) =£%(u, —v)(uy — V1)
(u; —vy) (g +v)=B(wy —v)(uy —v1)
jeal i ic collision k .
4.1.8; Mathematical treatment of per!ec'!ly inelast s kR elastic col ision
Suppose a body of mass m, moving with velodty u to the rig it
with a body of mass m2 moving with velocity uz in the same |re1 e ,
Before impact After impaci k.einitial = Emlul 4 Emzuz
E 1 k'efinal'—_z(ml +m2)v
By law of conservation Lossin k.e = k.eini“a,—— k.eﬁnal
mou, +my; = (my +my)v 1 i 5 .
el g F MU 5 = iUy +:Amzu2 i §(m1 + my)v
v= -
m; +m; ;

Numerical examples
! 1. Ball P, Q and R of masses m,;, m, and m; lie on a smooth horizontal surface in a straight line. The balls

are initially ot rest. Ball P is projected with a velocity u; towards Q and makes i isi i
. . w an
Q.if O makes a perfectly in elastic collision with R, show that R moves with a Uelocii':}”tlc .
e Zmimyu, .
2

= (m, + mz)(m2 +m,)

Solution
~  Elastic collision of P and Q: - .
onservation of kinetic energy:

Conservation of momentum: ] 2
= - 1
2m17}1‘ _mlvg-*——m UZ--...(2)
p 5 2 2 2YQ
utting [1] into [2

2

mQO
m,

2
) +m,ug
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4.
/

/3 A truck of mass 1 tonne trcwlilin

574

2m,n
V,y = —1_t

my+ m:"""(a)
In elastic collision of O and R.

- ) B o
mVo+m,0= (m, 4 my)v,

2. A0.2kg block moves

to the rj
speed of 0.8ms 'Fy'ng e right o

the find
Solution R0
OF
CLE SR Y TR TS
[ 1
Before impact After impact o

By law of €onservation

MlU] +M2U2 :MV +M
(0.221) + (0.4x —gig) = g2 2

) =02v, +04v
0.2-0.32 = 0-2U1 1. 0.41)21 2

e E s m s -

vl i 2-‘]2 = _0.6 []]

+E is conserved

Zmu? i, u? =2 2 2

3 9 "3 Wals ==am s mu;

0.2x1% +0.4x(—0.8)2 = 0.2v% + 0.402
0.2 4+ 0.256 = 0.2v2 +0.4v2

- : g at 4m/s collides
same direction. If the cdliior 1s

(i) Common velocity

(i) Kinetic energy converted to other
$olution

Before impact After impact

O£ £00Dke 10ROV
By law of conservation of momentum
MAUA +MBUB =(MA +MB)V
(1000x4) + (2000x3) = (1000 + 2000)v
¥ =33 8ms="

1
ii) Initial Ke = ~M,U 2 +-M U}

Up

i ke this

t_o speed of Ims'an d
city of each block ift he

perfectly inelastic,

on ECOLEBOCKS. COM

2 ma,
= my- -
nmy b, (my ny ) vy

Zrym,u,

m

Vg = e B ——
(my + i )en 7+ my)

vi +2v2 =228
But from [1] vi=-0.6-2v; put into (2)
v +2v2=2.28
2v3 +¢0.6-2v,)? = 2.28
61%5+2.4v,-192=0
V,=0.4m/s,v,= —0.8m/s
VU, =0.4m/s is correct since my is in front it
supposed to move faster
Therefore from (1)
v+ 2v, = -0.6
vy, +2@4&—-0.6
¥ = oidm/s

with a truck of mass 2 tonnes moving at 3m/s in the
calculate;

forms during collision
= %x1000x4% + %x2000x 32 = 17000)
Final ker = ~(M, + Mp)V?
=1%(1000 + 2000)(3.3333)2
= 16666.67]
Kinetic energy converted = k.ejpn;¢iq1= k.-€final

= 17000~ 16666.67 = 333.33jJoules

Two particles of masses 0.2kg and 0.4kg are approaching each other with velocities 4ms™ and 3ms™

respectively. On collision, the first particle reverses,

the;
(i) velocity of the second particle after collision
Solution
0.2kg 0.4kg 02g  0dkg
( §) Ua Va ( ) . Vg
Before impact After impact

By law of conservation of momentum
MU, +MplUg =MVa + MgVp
02x4 + 0.4x—3 = 0.2x2.5 +04Vp
Vg = 0.25m)s - o :
i) Initial R.ei= ;MAUA Ty M Y3

its direction and moves with a velocity of 2.5ms™ find

(i) percentage loss in kinetic energy

= 15(0.2x4% + 0.4x[-3]%) = 34]
Final K.er= M,V 2 +-MgV 2

1 3
= %x 0.2x2.52% +—2x0.4x0.252 = 0.6475]

Loss in kinetic energy = k.ei — k.e.
= 3.4 - 06375 = 2.7625)

[ k.e
% loss in k.e. = isfif——xlOO%

]

3.4

47
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0~ 2kg is fred from a rifle of mass2.7%

5. A bullet of mass -5 -1 i !
> ohmyh. Find the recoil velocity ott he rfle. 53 g
Solution 88 = 1 Vs : hof'z n
_ 100x1000 _ £ oth
Vo = —oreg - 27.78m/s gmasmo
Mg[{g = MyVy ooglyiﬂ pte
6. A bullet of mass 20g is fired into a blockof w?odof mgs;fAZOrﬂ/s. colcd
the bullet and the wood move together wth the _Spee st
() The speed with which the ‘oullet hits the L2 MBUB
(i) The kinetic energy lost B 10, Ux 3 5 1764]
Solution |nilid‘ e € 22 " lxo'
ey Ve 20m/s 1,0.02% ani® v g 2
OB £O0% L M g
/ ; =
Before collision After collision Fi nake 020.2 ., 0 04X P
MU, +MgUs = My + Mp)V = 1/27(( ti‘C energ?B! 9'4 = 1680]
(0.02xU ;) + (0.4x0) = (0.02 +0.4)x20 Loss in Rine — 8
= é O of mass mao.
u, = 420m/s ] parncle
The original velocity of the bullet was 420mm/s aipn with @ statione respectwely.
7. A particle P of mass mymoving at aspeed 13 € dlides head ofl ® 4 are 1 ()
stic and the speeds of P and O after impPd

the collision is perfectly ela
my

Given that a = ==
() Determine the value of a if u; = 20v; 0
(i) Show that the fraction of energy lost by P is (—1-:('1—:];
pbut u; = 20v,
=1 a) vz

sSolution 40V,
® miu;= mvy +mav; : g =38 .
( ml()u T ¢)) (i) hk.e of p before collision= %2 m Uy
Uy — U =V 9 eesnnrarrsvconarsosoasanan 1 K %
A l—ull— avz..z. ....................... ) ke of p after colli5|on2= % wi e 2
1o myul =¥ myvy? +¥amyvy”? energy lost = Y2mauy — ;’nrin;zi, i
72
mé(uf > 12712)= my (V{ ) fraction of energy lost = = 11/21;1111.3 :
A T on of eneray lost = L) = Cusmstos
equating [3] + [1]: a(ul vl) = a_vz fraction of energy lost = oE = o=
= Al 2 -
(u—v) @+v) _ v; from (7 QbOVESL‘)l +v;) = va,(uy — V1)= Qv
( (yy — 1) v, iy S ¥z
u + D) ST i i e 4) fraction of ene (avz)(v2) 4 a
. rgy lost = =
Put (2) into (4): (u; +u; —av;)= v, St [(Ha) vz]z (1+a)?
Baiy =1 % o) By i scaore sev wmerrivsn ((5)
8. A body explodes and produces two fragments of masses m )
. and M. If the velociti
u and v respectively, show that the ratio of kinetic energies of the fragments ist|es o e BaEme o
E, M
E, m
Where E, is the kinectic en 3
e i : .
Solution rgy of m and £; is the kinectic energy of M
i
Ei==-mu? 1
5 and E,=—-Myp? 1 — 2 2.2
By law of ¢ ; . 2 E, =— (ﬂ 1mcu
onservation of linear momentum ) M M ~2
mu= —Myp . 1 , M
=P = i *1 —— m 1”
A1 E—» /1 R . TP T T
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a speed of ¥ at an angle of 90° to the new direction

() Calculate the s

o peeds U and ¥
(i) Det i o (O5marks

Sacic f ermine whether the collision is elastic or not. (OBmorbs))
M’S ¥ u P A— (2]
e @ Put into [1]:v = 20 — V3 vy/3
e | o
=l Afterimpact60 4y = ch’
v =5ms’

u =vv3.=5vV3 = 8.66ms™!

(-):2x10 = 2uco0s30 + 2vcos60 i. Total K.E before collision
1 K.e=—;x2x102 = 100/

3
20 = 2p— 2 Py =
2 vz Total K.e after collision
=1/,x2x(5)? + 1/2x2x(5V3)? = 100]

(m ¢ 20 = uila..... rvans [1]
:0 = 2usin30 — 1
FraEa it 20v : 2;?517160 Since kinetic energy is conserved then the

it & 5in60 collision is elastic

e

Fo o T

Exercises13
1. A 41?9 ball moving at 8m/s collides with a () wvelocity of the 3kg sphere after the
stationery ball of mass 12kg, and they stick collision.
(i) amount of energy lost by the moving

together- Calcvlate the final velocity and the

kinetic energy lost in impact An [2m/s, 96]] bodies in the collision An (1m/s, 2.25))

A 2kg object moving with a velocity of 8m/s

2. A body of mass 6kg moving at 8ms™ collides with a [7.
stationary body of mass 10kg and sticks to it. Find collides with a 3kg object moving with a velocity
the sped of the composite body immediately after 6ms™' along the same direction. If the collision is
impact An(3m/s) completely inelastic, calculate the decrease in
3. A bullet of mass 6g is fired from a gun of mass kinetic energy collision. An [2.4}]
0.50kg. if the muzzle velocity of the bullet is 8. Two bodies A and B of mass 2kg and 4kg moving
300ms”, calculate the recoil velocity of the gun with velocities of 8m/s and 5m/s respectively
An(3.6m/s) collide and move on in the same direction. Object
4. A body A of mass 4kg moves with a velocity of A’s new velocity is 6m/s.
2ms”' and collides head on with another body, (i) Find the velocity of B after collision
B of mass 3kg moving in the opposite direction (i) Calculate the percentage loss in kinetic
at 5ms”. After the collision the bodies move off energy. An(6m/s,5.26%)
together with v. Calculate v An(~1m/s) 9. A railway truck of mass 4x10* kg moving at a
5. Amass A of 6kg moving a velocity of 5m/s velocity of 3m/s collides with another truck of
collides with a mass B of mass 8kg moving in mass 2x10°kg which is at rest. The coupling join
the opposite direction at 3m/s. G"d_ the trucks move off toge-ther o
(6) calculate the final velocity if the masses 0 Wt froction of the firs trueks initiol
stick together on impact kinetic energy remains as Rinetic 2energy
(b) If the masses do not stick together but mass of two trucks after collision An [/ 3]
A continues along the same direction With (ii) Is energy conserved in a collision such as
a velocity of 0.5m/s after impact. Calcuiate this, explain your answer
i the velocity of B. An (0.43m/s, 0.38m/8) 1o A particle of mass 2kg moving with speed 10ms
6. A sphere of mass 3kg moving with velocity 4m/s "~ collides with a stationary particle of mass 7ka.
Immediately after impact the particles moveu

collides head—on with a stationary sphere of mass particles move
2kg and imparts to it a velocity of 45m/s. calculate|  the same speeds but in opposite directions. Fin
loss in Rinetic energy during collision. An(2s

the;
F:
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A bullet of maqss 2.0x107kg is fired horizontally into

a free- standing block of wood of mass 4.98x10kg,

which it kRnocks forward with an initial speed of 8.

(@) Estimate the speed of the bullet
(®) How much Rinetic energy is lost in the
impact An(BOOmh, 89.64))

(©) What becomes of the lost Rinetic energy
A 2'?9 object moving with g velocity of 6ms™
collides with o stationary object of mass 1kg. If the

collision js perfectly elastic, calculate the velocity of
each object after collision. An[2m/s, 8ms™']

A body of mass m makes a head on , perfectly
elastic collision with a body of mass M initially

M
at rest. Showthat 22 — —ﬂalf where E s
o ()
original kinetic energy of the mass m and AE
the energy it loses in the collision
A metal sphere of mass my, moving at velocity u,
collides with another sphere of mass m,moving at
velocity 1,in the same direction. After collision the
spheres stick together and move off as one body.
Show that the loss in Rinetic energy E during
collision is given by
E = ﬂ-—-———-_(ul —u)° wheref=m;m

2 (m1 + mz) = T
A stationary radioactive nucleus disintegrates into
an a —particle of relative atomic mass 4, and a
residual nucleus of relative atomic mass 144. If the
Rinetic energy of the ¢ —particle is 3.24x103), what
is the kinetic energy of the residual nucleus
An(9x107%])
On alinear air-track the gliders float on a
cushion of air and move with negligible friction,
One such glider of mass 0.50kg is at rest on q
level track. A student fires an air rifle pllet of
mass 1.5x107kg at the glider along the line of the
track. The pellet embeds it's in the glider which
recoil with a vejocity of 0.33m/s. calculate the
velocity ta which the pellet struck An(llOmI:)

The diagram below shows q body A of mass 2kg

resting in a frictionless horizontq| gully in which it js

constrained to move. It is acted upon by a force
shown below for 55 after which time strikes and

sticks to the body B of mass 3kg, the force being
Femoved at this instant

il
whatwl
A hitten
hori'zom'tti A
g o

X Is) "
An(9.2m mass W
19. A flat truck © ckat 30 7 n to the truck

21 . A ball A of mas 10kg movin
a 8m

| i ke this on ECOLEBOOKS. COM

ed MOsses by
¢ the Combm
o
ee
the 3P

) 300 to the
g/

moss 1.2hg

oun
atoy nz ontd! |grcp :
2 ove oVe’ Zthé‘iki.tten -
m ddi
. moving fl’e(?ly Qlg,
ookg !’ man moving ot

ahorizon

etracﬂ", yO.5om§"Wh°1
right angles tot

dec )
e ea I*g . .
causmc?slt;s?heman An_(‘2‘7k travelling with
the m

Spsare 16xs"‘collides with the

20. A proton © 7

o) le 2] f mass
e natomo
sionary oxy : e

0° to —o | ek ch te thle velocity
2.56 1.0 iginal poth. (.‘.alculdcI e ]
o td' Itsctichn of the oxygen nu eus, assu

and dire min

" ly elostic.
the co|l6i55ion1 s P “:‘Itl};’o to the original
An(2.65x ’

direction of the proton)

a velocity of :
nucleus of as

g with a speed of
<1 collides with another ball B of mass 291;
initially at rest. After collision, A and B move in
direction making angles of 30° and

45° respectively with the initial direction of mo
of A. calculate the speed of A and B after the
collision An(5.85ms™1, 2.07ms™1)

22. Two balis collide and bounce off each other ¢

shown below. Determine the final velocity v «

5kg mas if 8kg mass has a speed of 15ms—1
after collision.
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Consder a horse pipe of cr

Oss
and comes to rest then.

' ma
Where p is density of water

orce due to wat r=m r
F e
ass per second xvelocity Change

Examples

1. Water leaves horse pipe at
a wall wihé h stops it Calcul
S$olution

Force du _
o Bl it hcseat:: Vlvcter— mass per second xvelocity change=5 x(20 —0) = 100N
, 0.3ms?.1f the Wat:re' <_>f cross-sectional area 50cm? and ejects water horizontally ot a speed of
s incident on a vertical wall and its horizontal velocity becomes zero. Find the

force the water exerts on the wall
S$olution )

|'i ke this on ECOLEBOOKS. COM

-sectional ivi j
area A giving a water jet of velocity v, if the water hits the wall

Ssof water Striking the wall per second = pUA

:tm:ﬁ of 50k gs™! with a speed of 20ms ™" and is directed horizontally on
e the force exerted by the water on the wall.

Force due to water= A %=3g 3
; = =3850x10"*x1000x0.3 = 0.45N
3. Af;:"tli:]Op;frdOf n_1r<l31$s 1.0x10 H dwers by imparting a downward velocity v to the air displaced by its
ro g blages, The area swept pout by the blades is 8om?2 Calculate the value of v. (density of

air=1.3kgm™)
Solution
F = pAv?
mg = pAv?
1.0x103x9.81 = 80xvx1.3x(v —0)

1.0x1(x9.81 = 104v?
v=9.8m/s

4. Sand falls onto a conveyor belt at a constant rate of 2kgs™. The belt is moving horizontally at 3ms™.

Calculate

(a) The extra force required to maintain the speed of the beit
(b) Rate at which this force is dong work

(c) The rate at which the kinetic energy of the sand increases

S$olution
Force =mass per second xvelocity change
= P8 = BN
Rate of doing work =force x velocity change
=6x3 =18)Js7!

5. A ball of mass O.

Rate of ke = %m x (velocity change)?

1
=—2x2x32 =9Js~!

25kg moving in a straight line with a speed of 2msstrikes a vertical wall ot an angle
it an impulse in the direction of the normal and the ball reboundS

59 to the normal. The wall gives | -
ba alculate the magnitude of the impulse and the speed with which

at an angle of 60° to the normal. C
the ball rebounds.

Solution
u=2m/s
N
Vv
Impulse | = mv —mu
I=m [(_%”60)—(_25’5312%2]

—pSin6LD
=3 _———
_1 —z_v __(\/7) =2 J'Z
1—'4‘ Nl % =i . —-53-17+\/f
2

Since | is perpendicular to the wall then the
vertical component is zero

_22_ 5

1( 0 ):( 0
] =Z 6 +\[§ 0.96¢
—§x—2\f—2‘+v@ L

| = 0.966Ns
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Exercisei14 e
1. Ahorizontal jet of wateréaves the Cnc}j Of\()]e::)csity
pipe and strikes a wall horizot ally W'D . eter of
of 20m/s. If the end of the p i@ has a dlOmd n
2¢m, calculate the force th at wilbe exerted 0
the wall.  An(125.7N) camaber of
Water flows at 3m/s from a p'i p e bdiame tlet of .
0.Im and strikes a v ertcial plate neat h e OUI te
the pipe. If thesteam of waterstikes the p?ted
normally, calculate the force that will be exe
on the wall. An(7IN) )
Water emerges at 2ms”from a hose pipe and hits
a wall at right angles. The pipe has across-
sectional area of 0.03m’. calc ulatethe force on
the wall assuming that the wate:rcb es not
rebound.(density of water 100 ¢lym™>) An(120N)
Water issquirting horizontallyat 4 .0ms'fom a
burst pipe at a rate of 3.0ta3. Theew a ter strikesa
vertical wall at right angles and runs d ow rit
without rebounding. Calculate the force the w ter
exerts on the waqll An(12N)
S.Amachine gun fires 300 bullets permin ute
* horrzontally with o velocity of 500ml. Fin dthe
force needed to prevent the gun moving back-
ward if the mass of eqch bullet 8.0x10%qg
An(20N)
Codl is falling orito o conveyor belt at a rate of 540
tones every hour, The belt s moving horizontally ot
2.0ms™. Find the extrg force required to maintain
the speed of the belt An(3.0x10°N)

1.3kgm) An(940hg)

(b) the sped of rotation of the pig
helicopter s Now increased sq that the air
has a down ward velocity of 1Bms™, Findth
Upward acceleration of the helicopter i
An('.’l'H'.z)

Find the force exerted on each

awall which is at right angles t

blowing qt 20ms™, Assume tha

rebound.(density of air 1.3kgm

*quare meter of
-0 a wing

t the qijr
) An(s

10.

on ECOLEBOCKS. COM ‘

erage mass of 4. 3
flat roof at 12mg,

. It
oooobusl¢nesf0”0n
rI

Hail stones with gn av
verticdy andistrike a

iodo15.0 min utes,
perf]d:gm,m ater ofroof and reboung
eac

. Al ms™". Calculate the force
Uer?‘cf(?tﬁyhzr zfarea of 30m’ An(BsN) .
roi |e with a no zie 80mm in diometere.
ﬁhgrsizontal strearn of water at a rate

-1
O-O(gﬁrj)isth what velocity will the waterl,

the nozzle

(b) What will be the force exerted on ¢
veriva) Wlaituated close to thenozz\Q
and at right-angle to the stream
wder, if after hitting the waill; 1

() The water falls vertically to the 9roung

(i) The water rebounds horizontally
An(8.75m/s, 385N, 770N)

b
iy

C, 16

Q\’E

12. An astonaut is outside her space capsule inq

region wler e the effect of gravity can be
nelga e. She uses a gas gun to move herself
relative to the capsule. The gas gun fires gas
from a muzzle of area 1.60mm? at g speed of
150ms™. The density of the gas is 0.80ckgm™
and the mass of the astronaut includihg her
space suit is 130kg. calculate

(@) The mass of gas leaving the gun per secy

(b) The acceleration of the astronaut due ty

gun, assuming that the change in mass i
negligible

(@) ifthe Mass

f
o0Qy of the cqr

and it .
Calculate the its occupants i

car Qverage force on the
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(b) Because of the seat belt, the movement
othﬂe driver whose mass is80 kg, is
restricted to 020m relative tot the cqr.

Calculate the querg
ge force
the bd t on the drige. exerted by

An(2.5x10°N, 1.54x%10°N)
6. A st?ne of mass 80kg is released at the top of @
vertical cliff. After falling for by 35, it reaches

the foot of the cliff, and :
, penerates 9
the ground. What is; e Ly

(a) The height of the cliff

(b) The average force resisting penetration
of the ground by the stone An(4a5m,
400N)

17. The blades of a large wind turbines, designed
to generate electricity, sweeps pout an area of
1400m? and rotates about g horizontal axis
which points directly into a wind of speed 15m/s

]
15m/S —
=

___‘_.‘L >:€

[
(a) Calculate the mass of air passing per
second through the area swept out by

4.1.9: BALLISTIC PENDULUM

Before impact Affer impact
2o e /..-‘,_é_L-éé
Light string f PR\
L LF? SS'IE A __(Mim)
'_‘,}_______ 'D
bullet block | h=L(1-cos8)
o S v, GNURR BN L
m M

a) During impact
0.0
<

force

| the blades ( tahe the density of air to
‘ be 1.2 kg/m?)
(b) The mean speed of the on the far side of
| the blades is reduced to 13m/s. how
| much kinetic energy is lost by the air per
second An(2.5x10°kg/s, 7.1x10%})/3))
18. A ball of mas 6.0x1072kg moving at 15ms™' hits ¢
wall at right angles and bounces off along the
same line at 10ms™
(a) What is the magnitude of the impulse
of the wall on the ball
(b) The ball is estimated to be in contact
with the wall for 3.0x10°%, what is the
average force on the ball
An(1.5N3,50N)
19. A body of mass 2.0kg and which is at rest is
subjected to a force of 200N for 0.2s followed
by a force of 400N for 0.30s acting in the same
direction. Find
(a) The total impulse on the body
(b) The final speed of the body
An(160Ns,80ms™)

Resolving along the vertical gives Lcosf
ButL = Lcosf + h
h =L~ Eeosl = L(1—cosd)
The device illustrates the laws of conservation of
momentum and mechanical energy

% Mechanical energy is not conserved because of friction and other Non conservative forces
% Linear momentum is conserved in the horizontal direction along which there is no external

If V. is the velocity of combined Mass just after collision

My + mx0 = (M +m)V,

my = (M F MV owirrssmssmmasssssssemsssiss

The block was initially at rest.

b) $Swing after impact

®

& Mechanical energy is conserved. The conserved gravitational force causes coOnversiop of

k.etop.e.

& Momentum is not conserved because an externa
= weight) acts on the bullet-block system.

From () k.e.= p.e.
%(M +m.2 = (M +m)gh

Y

| resultant force (pull.Of the earth /

Buth = L(1- cosb)
V2 = 2gli(A~cnd)

Ve=2fL(1—c080).n(2)

Qi tha ~Anala Af swing
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b) @)

Ve =0.8Ims’

The velocity of the composite just after
collision is 0.81ms™

i) principle of mechanical energy at B

K.E=P.E

Exercise 15
A bullet of mass 40g is fired horizontally into
freely suspended block of wood of mass 1.96kg
attached at the end of an inelastic string of
length 1.8m. Given that the bullet gets embedded
in the block and the string is deflected through
an angle of 60° to the vertical . Find:
() The initial velocity of the bullet An[210m/s]
(i)) The maximum velocity of the block. An[42m/s]
A bullet of mass 20g travelling horizontally at
100ms™ embedded itself in the centre of a block of
wood of mass kg which is suspended by a light
vertical string 1m in length. Calculate the
maximum inclination of the string to the vertical.
An(36.l°)
A bullet of mass 50g travelling horizontally at
600ms™ strikes a block of wood of mass 2kg which
is suspended by a light vertical string so that its
free to swing. The penetrates the block completely
and emerges on the other side travelling at
400ms™ in the same direction. As a result the
block swings such that the string makes an angle
of 25° with the horizontal. Calculate the length of
the string. An(1.719m)
A block of wood of mass 1.00kg is suspended
freely by a thread. A bullet of mass 10g is fired
horizontally at the block and becomes
embedded in it. The block swings to one suede
rising a vertical distance of 50cm. with what
speed did the bullet hit the block

An[319.4m/s]
A bullet of mass 50g is fired horizontally into a

block of wood of mass 8kg which is suspended by

UNEB 2018 NO.fc

| i ke this on ECOLEBOOKS. COM

1
MV =M gH but M .= (m + 2m)

107 1 0. {8812
H:= --< = = —=—— =
5 I == 0.33m
iii) -Frictional force
-Air resistance

strings of length 2.5m lona. After impact the

block swings upwards through an angle of 30° to

the vertical . Find the velocity of the bullet

An[32.7m/s]

A simple pendulum consisting of a small heavy
bob attached to a light string of length 40cm is
released from rest with the string at 60° to the
downward vertical. Find the speed of the
pendulum bob as it passes through its lowest
point An(2.0ms™")

A circular ring is tied to a roof using a string of
length, | and displaced such that it makes an
angle of 26 with the vertical, where 8 = 30°. It is
then released to throw a spherical ball
horizontally across the dam at a height, h. it
collides in elastically with the ball when at angle
8 and move together until the ball leaves the
bench horizontally to cross the dam of width 4h.

if the bench is frictionless and the masses are

equal, showthat h = i‘%i:l—)- Hence if

[ = 128cm find the velociy with whoich the
ball hits the ground

(i) Explain why a passenger in a car jerks forwards when the brakes are suddenly applied.

(i) Use Newton's second law to define the Newton.

UNEB 2017 NO.1

(@) (i) State Newton's laws of motion e

(03 marks)
(04 marks)

(03marks)

(i) A molecule of gas contained in a cube of side [ strikes the wall of the cube repeatedly with a

2
velocity u. Show that the average force F on the wall is given by F = E-;—l-whe re m is the mass of

the molecule

(04amarks,

Define the linear momentum and state the law of conservation of linear momentum.

(02marks)
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