
3. 

( 1  

2. 1  

1. A d  

[ F = m a )  
Note F must be the resultant force 

i OP MOTION a stralght line unless acted upon, 
CHADTE A,  NEWTON' LA' form motion in ' 

:, ts to t e  of rest or un LA ' I + E v e ry body  continues in it C 

an external force. 4 , ·ia 
Thi i sometimes called the la ot Iner  tc stop mouing if it; 

Definition A rt  mouing once it 's at rest or to 
f body to s a r  

Inertia is the reluctance o a 
already in motion. suddenly stopped, 

fast moving car I 
Explain why a passenger Jerl forward when ,,, car is suddenly stopped, the passenger 

f i n e rt i a .  W h e n  e  (  that acts on the car Passengers jerk forward because O e'+"" ,, , t  l ine because the force 
tends to continue in uniform motion in a_ s t r a I g  
does not act on the passenger 

rt i o n a l  to the applied force and 
f 

b d is directly propo 
LA) Il+ The rate of change of momentum ot a 0 "¥  

takes place in the direction of the force. 
..  •  t  b a force F and its elocity changes to ; 

C o n s i d e r  a  m a s s  m  mouing ith velocity u. I f  t h e  mass is acted on 2¥ , 
By Newton's law of motion 1 = k l  
F  P w - m _ k m - m )  _ pa ! ) k m a  k =  

t  t  t  

Since a = '! 
t 

When F = 1N, m = 1kg and a = 1ms7?  

LAW 111, To every action there is an equal but opposite reactions. 
F , = F }  

Fe 

4 

Eample of a" law of motion 

•• A gun moues backwards on firing it. ❖ A ball bounces on hitting the ground. 

oclet engine propulsion 

Fuel is burnt in the combustion chamber and exhaust gases are expelled at a high velocity. This 
leads to a large backuard_momentum. From conseration of momentum an equal forard 
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.O IDENTIFICATION OF FORCES AND THE APPLICATION OF NEWTON'$ LAS 

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

R is normal reaction 
Mg is gravitational pull [eight] 
R = mg since (a=o) constant velocity mg 

2. Mass m placed on a smooth inclined plane of angle of inclination @ 

- 

R = m g C o s6  
mg 

R 

-c=is; mgCoso 

NBi 

❖ All objects placed on, or moving on an inclined plane experience a f · e d 
n orce mgsin, ton 

the plane. [It doesn't matter hat direction the body is mouing] T" 

•• If the plane is rough the body experiences a frictional force hc d ir ct i  t.  •  

t  th d. ct· f t· OSe tre I On IS onnnr .� .... o e ire on o' mot ion. 
Scanned with CamScanner 

   Download more resources like this on ECOLEBOOKS.COM   

https://ecolebooks.com


F, - 1 0 0 0  =  ma 

F, - 1 0 0 0  =  1 0 0 0 2  

F, = 3 0 0 0 N  

( i )  

Eample 

1. A car of mass 100Oh :  
(i) w h ,  '9 I s  accelerating at 2ms? 

· ·  al  resultant force 
(ii) If  the resistan , acts on the car?2. 

Solution ce to the motion is 10ooN, hat for · d · rce is /ue to the engine? 

a 
( i n )  S 

1 0 0 0 nu  [Too01 

9oog,/ " 
F = ma = 1000x2  = 2 0 0 0 y  The resistance force should act 

Resultant force is 2000N In opposite direction to the 
2. A car moues along a le ] force due to the engine 

f 2000N h ve road at a constant I  ·  
of ' wh at  resistance is the car veloc ity of 22m/s. If its engine is exerting a forward for 

Solution 3r experiencing 'Ce 

a.0ms-2 
R ,  f 2000  R =  ma 

o ~J +2oooN But a = o since it moves ith constant velocity 
Using F = ma 2000 -- R  =  O  

3. To blocks A and B c o n ne cte d  R  =  2000N '  e e  as shown belo h · ith an acceleration of 2ms b f 2 on a orizontal friction less floor and pulled to the right 
4 2  a  force P, if m = 5Ohg and m = 10kg. hat are the alues of T and D 

[  • } .I I 4  4 
• - rn 1 )  -  --•-P 

Solution 

Using F == ma I  ·  For m P - T  =  50x2 =  For m , T  =  1 0 x 2 = 2 O N  P - 2 0 =  100 

4 A L  f  3  t  

-  l 0 0  [I] Put into equation (I) P - T =  100 \  P = 120N 
·  orry O ones pulls 2 trailers each f t at O.8ms, calculate of mass 2 tones along a horizontal road, if the lorry is accelerating 

a) Net force act ing on the whole combination . 
b) The tension in the coupling between the lorry and 1" trailer. 
c) The tension in the coupling between the 1 and 2" trailer. 

Solution 
0.8ms 

­ zig"" [gig " egr  -"  

For he lorry F, - T,  =  3000x0 .8 = 2 4 0 0 . . . . . ( 1 )  
For 1" trailer T, T, = 2000x0 .8 = 1 6 0 0 . . . . . ( 2  

For 2 trailer T, = 2000x0 .8  = 1600N 

Put into [2] T, - T , =  1600 
T, 1600  = 1600 

T, = 3200N 
Put into [1] FT, = 2400 

F 3200 == 2400 
F = 5 6 0 0 N  

Exercise 1o / 
1. A large card board box of mass O.75kg is pushed [2. A box of 5Okg is pulled up from 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 attached to it. 
1.SN between the box and the floor , and an air i. Find the tension on the rope. 
resistance force aien by kv'  here k = ii. What is the tension in the rope hen thu 
6 .0107'kgm' and v is the speed of the box in m/s.] moues up ith a uniform elocity of 1m 
calculate; " ,/ An [54ON,490N] 

(a) The acceleration of the box 3. A lift moes up and down with an accelerot 
(b) lts speed An(&.om/s,7.1m/s) of 2ms. In each case, calculate the reaction the floor on a man of mass 50hg standing ir 
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ms 

€ 

5. 
✓ 

4. 

4 0 -  5x9.81sin30 = 5x0 
a = 3 .095ms 

rt d on the body by the plane is the 
b) Force e x er .e  

normal reaction 
R = 5gcos30 = 5x9 .81c0$30= 42.4N 

4  

3000gCos30 

u = 90km/h _ 9 0 x 1 0 0 °  _  25ms } 
3600 

v = 54km/h _ 5 1 x 1 0 0  _  15ms} 
3600 

5 g N  

a) Resolving parallel to the plane: F = ma 
4 0 -  5gsin30 = ma :. .J j,  o f 1 i n  5.  Assuming the tractiue 

br /h sta rts  to climb an incl ine  '  / h '  
A  lorry of mass 3 tones travell ing at 9Ohm/ st ar E>  ,d  that its elocity reduces to 54km/ in a 
pull beteen its tyres and the road remains constant an 
distance of 500m. Find the tractive pull 

Solution 

j :l i e d  plane 
Motion on in ci tne  o  t  horizontal by a force of 40N 

Eample 5th plane incl ined at 30' to 10 
1. A body of mass 5kg is pulled up a smoot the body by the plane 

acting parallel to the plane. Find b) Force exerted on t 
a) Acceleration of the body 

Solution 

1 

F, - 3000x9 .81xz= 3000a 
F -  5886 = 3000a............. .......(0) 
But v = u 2 

+ 2as 
15 = 25 + 2ax500 

a = -0.4ms7?  
put into (i) F - 5886 = 3000a 

F = 3000x0.4 + 5886 = 4686N 
Resolving along the p lane · Th tr a ct i e  force is 4686N 

F, 3000gsin6 = 3000a e tr  
A train travelling uniformly at 72km/h begins an ascent on 1 in 75. The tractie force hich the engine 
exerts during the ascent is constant at 24.5kN, the resistance due to friction and air is also constant at 

14. 71:?N, given the mass of the whole train is 225 tones. Find the distance a train moves up the plane 
before coming to rest. 

Solution 

/2 

'3 

1 i n  75 means sin0 = :. 0 = 0.76° 
75 

resistance force: R, = 14.7kN 

tractive force: F,  =  24.5kN 

F -  (mgsin0 + R,) = ma 

1 
24500-(225000x9.81x + 14700) =  22500 

75 
a = -0.087ms7? 

its deceleration = 0.087ms? 
v =  u  +  2as [ = om/scomes to rest] 

u = 72km/h = 7 2 x 1 0 0  _  20 ·- 1  

3600 ms 

· 0 = 20 + 2(-0.087)s 
-400 - -0.174s 

S = 2 2 9 8 . 8 5 m  
Eercite~f 

1. The resistance to the motion of the train due to 
friction is equal to 1/160 of the eight of the train, 
if the train is travelling on a leel road at 72mh'­ 
and comes to the foot of an incline of 1 i n  150 an " 
steam is then turned off, ho far ill the train go 
up the incline before it comes to rest. 
An(1579.99m) 

2. 12m length of the slope. If the truck starts from 
the bottom of the slope ith a speed of 18m/h, 

how far up ill it trauel before coming to rest 
An(71.43m). 

A car of 1 tonne accelerates from 36lmh to 
72 kmh' while moving 0.5kmh} up a road 
inclined at an angle of a to the horizontal. here 

. 1 , 

suna = ;  If the total resistive force to its motion 
is o.3lN, find the driing force of the car engine 
An(1009N). 
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4. A railay truck of mass 6. 0  t  an acceleration of o.oso · _
2 
�nnes moves with 

is inclined to the horizont�s at own a tracR which 
..  1  an angle a here 

sina = F i d  th : 
1 2 ¢  nu  e  resistance to motion 

An(2.01ON). 

5. A body of mass 5.0kg is pulled horizontal ground b along a smooth 
acis at 6o° 666,,"""9 tore or 4 ( ) onzontal Find a Acceleration of the body · 

(b) Force the body exerts on th d 
An (  .a  e  groun 

n( 4 . o m ¢" ,  15.4N). 
6. A railway engine of mass 100 t ; 

I .  f ones is attached to a line ol truck of total mass 8O t As 

h . ones. ssuming 
th e r e  is no resistance to motion, fi n d  th te ·; , the li b 1,  mi nt  e :ension in 

e coupl ing eteen the engine and the leadin 
truck hen the train 19 

(a) has an acceleration of 0.020ms? 
(b) ls mouing at constant elocity An(25.6lN). 

7. A5OOOkg engine pulls a train of 5 trucks, each of 
2000kg along a horizontal track. If the engine 
exerts a force of 50,000N and the frictional 
resistance is SOOON, calculate; 

(i) Net accelerating force 
(ii) Acceleration of the train 
(iii) Force of truck 1 on truck 2 

An(45,O0ON, 3.Oms, 24,000N). 
8. A body of mass 3.0kg slides down a plane hich is 

inclined at 30° to the horizontal. Find the 
acceleration no of the body , if: 

(a) The plane is smooth 
(b) There is a frictional resistance of 9. 0 N  

An(5 .om,2.om-).  
9. A car of mass 1o00lg tous a caravan of mass 

600kg up a road hich rises 1m vertically for 
every 20m of its length. There are constant 
fr ict iona l resistance of 200N and 100N to the 
motion of the car and to the motion of the 
caravan respectively. The combination has an 
acceleration of 1.2ms ith the engine exerting a 
constant dr iving force. Find 

(a) Driving force 
(b) Tension in the tow- bar An(3.02hN, 

1.2hN). 
10.A 25kg block rests at the top of a smooth plane 

hose length is 2.0m and hose height at 
eleated end is 0.5m. ho long ill it tale for the 
block to slide to the bottom of plane hen 
released An(1.250») 

11. Three forces act on a block as shown, the block is 
placed on a smooth plane inclined at 60° 

..F= 
· 9 o r  

%e-  

0nJ 

60° 

calculate; 
a) Acceleration of the block up the plane 
b) Gain in kinetic energy in 5s after mouing 

from rest An(1.5ms,140.625J) 

:z 

4.1.1 Mlo~ion of connected particles 

When to particles are connected by a light inextensible string passing over a smooth pulley and 
allowed to moe 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 
• The tension T in the string is constant. 

36.78N 

(iii) The force on the pulley 

_ 2 x 9. 8 1  _  2. 451  •  
Cd  -  - =- ..  ms 

8 

ii) T - 3 g  =  3a 
T = 3x2.45 + 3x9.81 = [i)Force�Y 

R = 2T = 2x36.78 = 73 .56N 
-  - --  rt-- , l l a u i  7356N 

}a 

5 a (i) 
3 a (ii) 
Q r  

eh 

Examples 
To' particles of masses 5kg and 3kg are connected by a light inelastic string passing oer'a smooth 

fixed pulley. Find; . 
(i) Acceleration of the particles 
(ii) The tension in the string 

Solution 

Using F = ma 

For 5lg mass 5g - T  =  

For 3lg mass T - 3 g  -=  

1.  
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4. 

-5. 

r T ? F T  = T V2  =  38.632 
Force on the pulley = 54 .63N 

I� farns-'  

7 g N  

ams 

..  cted by a light string passing oue 
he _ ··  n t a l  t a b l e  is c o n n e  .,  (  l  f in d  '' q  

2. A m a s s  of 9a r e t i n a  on a 3 m o o t " " " _'  se o a ll e y  i a  7 mass h a n gi n g." ° " ""  """ s m o o t h  p u l l e y  at the e d g e  o f  t h e  tal le, :o (ii) The tension in e st ri n g  
() C o m m o n  a c c e l e r a t i o n  jg jt« il l o u e d  to m o u e  f r e e l y .  
(ii i) T h e  force on the p u l l e y  in t h e  system it t 5  

Solution 7g _ 752} 4 . 2 9 2 m s - ?  
a  =  % 1 6  

.,  . T  =  9 a =  9 x 4 . 2 9 2  =  38.63 (ii) T e n s i o n .  
( i i )  The force on the pulley 

U s i n g  F = ma 

For 7kg mass 7g -- T  =  7a.. . . . . ... . . . . .( i) 
For 9kg mass: T = 9 a . . . . . . . . . . . . . . . . . . . . . . . . . . . . (i i )  
P ut  (ii) into (i): 7 g - 9 a  =  7a 

3. 

S o -  2  
5 a]  :  te l  ta b l e.  lts connected by The figure shous a block of mass 20 kg resting on a smooth horizontal tar •  3kc d 16h 

strings which pass over pulleys at the edges of the table to to loads of masses 8h ag  an« S 
which hang vertically. Calculate; 

(i) Acceleration of 16kg mass (ii) Tension in each string 
(iii) Reaction on each pulley 

Solution 

Using F = ma . 

For 16lg mas 16g - T,  =  16a....... .. .[1] 
For 20hg mas T , - T  ,=20a.. . . . . . .... . [2]  

For lg mas T - 8 g  =8a . . . . . . . . .. . . . . [3] 
Adding 1 and 2: 16g - T 2  = 36a [x] 

And (3) and (x): 8g = 44a 
8 x 9 . 8 1  1. 7 8 4  -2 

· a = - - =  .  ms 
44 

if) Tension in each string 
. 1 6 g - T,  =  16a 

T, = 16x9 .81-  16x1.784 = 128.416N 
T 2  8g = 8a 
T 2 == 8xl.784 + 8 x 9 . 8 1 =  92 .752N 
iii) Reaction on each pulley 

R1 - e Tf = T 1--f2 = 128.416x..f2 

R, = 181.61N 

° R , = T ,N2 = 9 2. 7 5 2 /2  =  131.171N 

- 

? 

Eercite1t2 

To 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 
(ii) The tension in the string 
(iii) The force on the pulley An(3.92ms, 

41.16N, 82.32N) 

To particles of masses 6kg and 2kg are connected\ 3. 

by a light inextensible string passing oer a smooth 

fixed pulley. With the masses hanging vertically, 
system is released from rest. Find; 

(i) Acceleration of the particles 
(ii) The tension in the string 
(ii) Distance mged by the 6kg mass in the 

first 2 seconds of motion 
An(4.9ms",3N, 9.8m) 

A man of mass 70kg and a bucket of bric ° 
mass 100kg are tied to the opposite ends of € 
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The diagram shos a particle A of mass 10kg 

resting on a smooth horizonta\ table. It is 
attached to particles B of mass 4kg and C of 
mass 7kg by light inextensible strings hanging 
oer light smooth pulleys. If the system is allowed 
to moue from rest, find the common acceleration 
of the particle and the tension in each string. An 

[1.Am,44.8N, 58.8N] 

A ) 

A 
£ 

e 
The diagram shows a particle A of mass 5kg 
resting on a rough horizontal table. It is 
attached to particles B of mass 3 kg and C of 
mass 2kg by light inextensible strings hanging 
oer light smooth pulleys. If the system is 
released from rest, body B descends with an 
acceleration of 0.28ms, find the c coefficient of 
friction between the body A and the surface of 

1 

the table A n [ z ]  
do. 

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 ½. 

An[o.98m, 2.37N, 44.15N] 
8. 

.J 7  =  
T he a  le  e  liagram shos 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 
5kg and C of mass 3kg by light inextensible 
strings hanging oer light smooth pulleys. If the 
system is allowed to moue from rest, find the 
common accelerat ion of the particle and the 
tension in each string. A n [ o . 9 B m ,  32.37N, 

44.15N] 

9. 

r>--7 The diagram shows a particle A of mass M = 
2kg resting on a horizontal table. It is attached 
to particles B of m =5kg and C of m= 3kg by 
light inextensible strings hanging over l i gh t  
smooth pulleys. If the system is allowed to 
moue from rest, find the common acceleration 

hich passes ouer a fritio hang vertically down,"_" pulley so that they 
(a) hat is the tensio : section of rope , ," "' '  the section of the 
(b) What is the , ' P o rt i n g  the man cceleration f th 

An( 8o7.OGN, o! e bucket 
T 

, l.73ms 2) 
4. wo particles of masses 2¢ 

connected to a fine s , ~ j 9  and 30g are 
pulley, when release ' P g  over a smooth 

(.) C ree y ind · ' -ommon acceleration 
(ii) The tension in the str 
( . . .  )  Th .r ing 

111  e force on the pulley 
An [1.962t -3 

A f m$ ,0.235N ,0.471N] 
- 5 .  mass ot 5lg is placed on a smooth horizontal 

t a b l e  a n d  c o n n e ct e d  by a l i g h t  «tr  
·  gl  st r i n g  to a 3kg mass 

p a s s i n g  o v e r  a  s m o o t h  p u l l e y  at the edge of th 
t a b le a n d  h  ·  f  e  a n g i n g  r e e l .  I f  t h e  system is a l l o w e d  to 
move, calculate; 

a) The common acce lerat ion of the masses 
b) The t e n s i o n  in t h e  string 
c) The force act ing  on t h e  p u lley  

An[3.68m/, 18.4N, 26N] 
6. To objects of m a s s  3kg a n d  5kg are attached to 

the ends of a cord which passes over a fixed 
frict ion less pulley p laced at 4.Sm above the floor. 
The objects are held at rest ith 3 kg mass touching 
the floor and the 5kg mass at 4m aboe the 
ground and then re leased, what is 

(i) The acceleration of the system, 
An(2.45ms). 

(ii) The tension of the cord An(36.75N). 
(iii) Time ill elapse before the 5kg object 

hits the floor An(1.81s)· 

7. 

4.1.2: LINEAR MOMENTUM AND IMPULSE , , 
Momentum is the product of mass and elocity of the body moving in a straight line 

Momentum (p) =_mass  x  velocity i  1tit TI � . � , Momentum is a vector quon It 
p = m v  '  

4 ta m s  I  inear m o m e n t u m  (p) is the product of the mass and the elocity of the body mouing I 
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ts on a body :. p  the force a 
IMPULSE ,4 t h e  force and time for whi€ This is the p r o d u c e  time (0 ' - F t  

1,  () = Force( - h it 3J i.e. Impul se!  '  54mass (m) as it elocit, 

t  of a body. If a bod!", en's 2" law. 
The unit of i m p u l s e  "  ,~#,age in momen"""" ' ~~~~e e, then f r om" ~ mu An impulse produces: force F acting on ,,t in :. omentum changed from u to 2 "  mu 5ulge = change in m 

Ft = mv Imp 

I = Ft 

-1 jhen it experiences a force of 
I ·t of 2ms , w Eemplet , jth a constant el o c it y  

1. A body of mass 5kg is initially moing WI 1ON is 2s, find :he body by the force () The impulse given to t" ,~ ,the force stops acting (ii) The velocity of the body wh e n  .  
Solution I  2 0  == Sv - SxZ 

I =  ft = 10x2 = 20Ns v = 6m/s 
.  -  la te  the force which acts on her I = m v - m u  he « h t  of 2m. C a l c ul at e  th o u n d  from a 1e1g 2. A girl of mass 5Okg jumps onto e gro 

hen she lands jthin 0. 2 5  

(i) As she bends her knees and stops wit ' '  p5 
(ii) As she keeps her legs straight and stops in O. ·% 

Solution mv-mu 

n) v? = w ?  + 2 g s  Using F = ,  
?  =  0? + 29.81x2 F _ _ 5 0 ( 6 0 3 0 _  1507.5N 
v = V 3 9 . 2 4  =  6 .03ms\ 0.2 

4.1.3 WHV LONG JUMDER 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 force_on the jumpers legs is reduced thus less pain on the legs. 

Questions 

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

2. Explain why a long jumper must land on sand 
3. Why is it much more painful to be hit by a hailstone of mass 0.005lg fall ing at 5m/s hich 

bounces off your head than by a raindrop of the same mass and falling at the same elocity 
but which breaks up on hitting you and does not bounce?'( numerical answered is required) 

4.1.4 LAW OF CONSERVATION OF LINEAR MOMENTUM 
It states that for a system of colliding bodies, their total l inear momentum remains constant in a gien direction provided no externa l forces acts on them. 
Suppose a body A of mass m, and velocity U,, collides with another bod B of me ad sle e t  [  .  '·  th di ti 1ass m2 an« v el o c it y  h  mouing in ie same ire ion 

mv-mu 

in) F =  

_ 5 0 ( 6. 0 3 - 0  6030N 
F =  0 .05 

B e f o r e  c o l l i s i o n  
<a. !' <. 

A B 

By principle of conservation of momentum 

otal m o m e n t u n  
before c o l l i s i o n  

After c o l l i s i o n  
<m, .'' <r.> .'? 

B 

T o t ~ T n o n e nt u m  
after c o l l i s i o n  
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Ir 

g-1  

Conservation of kinetic energy: 
1 2 1 1 
z m t =  ;m,v%+5mv%. ...(2)  
Putting [1] into [2 
m , f =m , ( .  -Tw o)  

1  m, + m o  

.-· Ater impact 

Solution 

A  8  

@ @s 
Before impact 

By la of conservation o~ momentums 
+ -------------[x] m,u = m,v, mv2 

m 
(u - v1)  = -Vz 

1  m, 
v Therefore u ,  - ,  = ;  

)  ------------ [1] [ ( u v ,  =v---------­ 

fo elattic collision h.e is conserved 
2 

h mu = h m , v ,  +% m12 

m,(? v p ) = m (  )  
"@, -,=v 

p(uf - vf) = vJ----------------------[2] 
equating [1] and [2] 

3; v?)- [0, -v,) ] °  
[? v?) =8(u,  - , ) ,  ,) 
(u, - v , )  (u, + v,)=~, -,)(u,  ,) 

lg  ++  ±la±tie collision [ l ie 5  4  I  8• Mathematica,.treatment of perfect 5' ine . ht bes a perfectly inelastic co is10n 
·r e·  l  :it to the rigl makR Suppose a body of mass m, mouing with v el o c it y  Ur same direction 

ith a body of mass m mouing ith elocity u in the 1 2 1 2 
k e - - m  u  + - m 2 u 2  After impact . initial 1 1 2 

@9@) k . e r a = ; G n ,  + ma)v? 
Loss in k. e = k .eti t tat .ertnat  

1 1 1 » 
= m , u ;  + - m 5  50,  +  m) 

2 2 

., ,m a r  
at" ~ad 

uh e '  !!' ~t a '  a1sio",,  ,o 
ad-on " ,per i "  

Eample+ n.  nth a speed u ,  makes « " " [; ~ d Q  
1. A particle P of mass m , ,  travel"" ~ elastic and the speeds o 

P
article O of mass m. If the co rs 1on , ,.,P 

n ,  I  

respectively. Sho that for% = ~~ ,  aw) "? =; 
, u ,  g+ v v 

@ 7  ~ ) = 0 ,  
a ' [" , '  - B ,  1  y " },  -  a @  
v. ( +  -[xx]  g + 1  .-­ 

l - L ­  
0-1  3+ _--- 1. )  v  !- '(  '1  

;  ~ 1 1  F o r _ '( 7 i .  e  

f  
rT1  eciuat1on ror [ 
= ~, . (& 2 ~,+~ put into 
_ 

u 1  

(V2 +/3�) � _ 
£ ' ( @ 1  )gv 
, 1 = a + £  ''a, 

(v, + 3 , ) 0  _ g ,  = B v , '  
/3 zv  - Vz 1 

~v +  '  2~ ~v 2 -= ' 
v ( - 1 ) =  2~0 

z 2£ 

sefore imp8' % 

= ­ 

i 

Solution 

Elastic collision of P and O: 
Conservation of momentum: 
m u ,  =  m,v + mo 

mv o 
Vp = U 1 - -- ....... (1) m, 

By la of congerva~ion 

m , u ,  +  m u =  (m, + ma) 
m u ,  +  mu ; 

D  = .  

m, + m; 

Numerical eample$ 

Ball DP, O and R of masses m,, m, and mg lie on a smooth horizontal surface in a straight line. The ball 
are initially at rest. Ball P is projected with a velocity u, towards Q and makes an elastic collision ith 
Q. i f  O makes a perfectly in elastic collision with R, sho that R moues ith a elocity. 
- - -  2 m , m u ,  

l/  
(m, + ma)(m + m) 

1. 
�lt 
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v, _ 2R m , u ,  
@  mt..G) 

1  m 

In elastic collision of O and p. ~, ? m u ,  
m v o + m , 0 =  (m , '' m , i n ,  ( + m , ) ,  

2  m v  2  
2  D.  =  m m , u ,  

2.  AO.2kg bloch moes t« th @; + ,) (  (  speed of o.8ms!p ; ,  e  right at a speed of 1 m s ' a n  U, m u , ' n ,  +  m,) 
So1ion " the fi n d  velocity of each bl6a, t,"""jog bloch m o i n  to the left onth a ton is el a s t i c .  

029 , 0. 4 k g  
"  @  9389 9,4 9 ,  v; + 2 3  =228-----------------------12) 
Before impact (A/ (b But fr [1] After i m p a c t  rrom u=-0.6-2 put into (2) 
By le of conservaie v; +2v}=2.28 

M U.  + M.  ton 2v; + (0 . 6 - 2 )  =  2.28 
1 '1  '2 U  =  M. V,  +  M V ,  ,2  

(0 .21) + (0.4x -os j  0.52, + 0 4 %,  6 % + 2 4 , - 1 9 2 = 0  
0 .2  - 0 . 3 2  =  0 .20, + 0 4  ?'2  v = O . 4 m / s , v =  0.8m/ 

2: '1 '' l  v  =O.4m/s is correct since m is in front it 
14, + 'v> = 0.6-----------. Supposed to moue faster 
for ela»tie collision K.E ii cone,a.i' Therefore from () 
- m. u ?  +'m. ?2  1  ,2  1  2  2  'l  'l  '2l = - m , v:  + m ?  D , +  'v, = 0.6 

2 2  1  2  2  2  + 2 0. 4  
0.2x1 +0 .4x(-0 .8) = 0 .2? + 0.40? .  ' 0 = - 0 . 6  ✓ 0.2 + 0 . 256  = o  2  2  

1  
2  

2  V1 - -1.4m/s .  , + 0 . 4 v  ­  

A  truck of mass 1 tonne t r a ue l l i  .  same direction. If the ,_ ' l H H n g  at  4m/s coll ides ith a truck of mass 2 tonnes mouing at 3m/s in the 
' e c ol li s i o n  is perfectly inelastic, calculate; 

(i) Common elocity . .  
(ii) Kinetic energy converted to other forms during collision 

Solution 

= %(0 .2x4 + 0.4x[-3]) = 3.4] 
F. I K. . i z i . z 

inal . e r= -M,V; +-M,Vi  
2  2  

1  1  ·  
-x 0.2x2 .5 +-x0.4x0.25 = 0.6475] 
2 2 

Loss in kinetic energy = h.er - .e.f 

= 3.4 - 0 .6375 = 2.7625] 
loss of k.e oz 

%6 loss in h.e. = x100% 
.  k.e;  

_ 2 7 6 5 , 1 0 0 %  = 81.25% 
3 . 4  

(ii) percentage loss in kinetic energy 

= / x 1 0 0 0 x 4  +  /x2000x 3 = 17000J 
Final h.er = -(M, + M,)V? 

2 

= % ( 1 0 0 0  +  2000)(3 .3333) 
= 16666.67} 

Kinetic energy conerted = k .etua .ertnat 
= 1 7 0 0 0 -  16666.67 = 333.33Joules 

After i m p a c t  
100@@@@@o .V 

0.2kg 0.4kg 

3 (- 
After impact 

By la of conservation of momen&um 
M,U, + MaU, =M,V, + Ma,Va 

0.2x4 + 0 . 4 x - 3  =  0.22.5 + 0.4V% 

V, =  0.25m/s 
1  2  U?2 

in) Initial k. e r =  ;MU; + ; M a i  

0.2kg 0.4kg 

3 @)  
Before impact 

By la of conservation o~ momen&um 

M,U, + MAU, = (M, + Ma)V 
(1000x4) + (2000x3) = (1000 + 2000)v 

V = 3 . 3 3 3 3 m s  

ii) Initial K.e = =M,U? +-M,U; 
2  2  

To particles of masses 0.2kg and O.4kg are approaching each other ith elocities 4ms' and 3ms' 
respectiely. On collision, the first particle reverses, its direction and moes with a velocity of 2.5ms' find 
the; 

(i) velocity of the second particle after coll ision 
Solution 

Before impact 

1  (6s {coo "° 

47 
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9. 

M -mu 
• •  17  2 ­  

M  

Solution 

of ocit¥ 
e ,le 

m 
th 

o9"  
r  %a s s 2 . 7 x  , 7 8  ,[s 2k, ·  fired from a rifle ot me 2Z '  Am 

s. A bullet of mass 1 . 5  1 0 7  «9 " " , , ~,  ate. 1 0 '  o. , rf a c e .  If 
room/h. Find the recoil velocity ot e r r .  _  1 .5  V, r±on! 

Jolutfon I 3% ~th" y, _ 1 0 o 1 0 0 9  _  27.78m/s ,~ a s m °  
b  6060 y i n 9 ° t e  

M,V = MV, d o f  mass 40 colc' 
6. A bullet of mass 20 is fred into a bloc9',"["[,_ ,eed of 2om/ 

the bullet and the wood moue togethe' """at hits the wood 1 MU% 
(i) The speed with which the U 2 ...- 7 64] 

I t 1 11.A ,1  ;1 2 2 - 1 (ii) The kinetic energy Io51 _ -0A 10' 
. .±, K . e  2  30. 

Solution nitie 2 4 ­  

1  
20mls 1 o .oz.x 420 2  

)  V2  

@= j cijf . i -~ " c a r - a  
serre cons~i she%non 1 y, ( 0. 0 2  ' , % e - k ° ' , ,  

)  v  ::::::  2  .  erg 168 0 M,U, + M,U, = (M, + Mp + inetic en _ 84 ­ 
(0.02x0,) + (0.4~0) = (~02 +0 .4)x20  Loss i _ 17 _le Q of mass m2. 

, = 420m/s . stationery ~espectiuely. 
The original velocity of the bullet as 420mW des head on with ~, and 12 ' ·. at aspeed u, c ol l  act are '1 

7. A particle D of mass m,mouing id O after imp ­  

the collision is perfectly elastic and the speeds of p an 
mg Given that a = - 
m, f f = 20 

(i) Determine the alue ot a 1  4 7  '2 4a 

(ii) Show that the fraction of energy lost by P is z,~ _ 20 

but u = " _ ( 1  + a )  2  40v = 
a = 3 9  .2  

f  before collision= / mi (iii) .e o1 p 2 

• f p  after collision= / m1j 
.e o1 ,2 1/ ? 
energy lost = /m,i /2 m1 1 } ,  2  

/ m W - 2 m 1 '1  
fraction of energy lost = ym,uf  

(?-?) (u,-v,)(+vp 
I  t 1  1  _  �!.---=-.:.-=-�-- 

raction of energy lost = z = ? 
w, 1 

from (i) aboe (u + v,) = , ( u  v , ) =  av 
(1+a) 

u , = 2  
(av,)(02) _ 4 a  

fraction of energy lost =- = [@+) ] (+° 
l a%  

(i) m , u , =  m,v, + m,12 

m,(u ,) = m,2 

(u, - v , )  =a..... . . . . . . . . . . . . . ..... . . .(1) 
v, = u ,  av...... . . . . .. . . . . . . .. .. .. ..(2) 

1 2 2 
% m,u =h m,v, + h m 2  
m,(? v? )= m,, ) 

v b = @ v - ; [ 3 l  
a u , ·  _ a 5  

equating [3] [ 1 :  @,, , 

(u, - ) ( + , )  v% 
(u, ,) v2 

(u, + v , ) =  v . . . . . . . . . . . . . . . .  (4) 
Put (2) into (): (u, + u, a v )=  a  

2u, =(1 + 0 ) v 2 . . . . . . . . . . . . . . . . ( ( 5 )  

8. A body explodes and produces to fragments of masses m and M. If the velocities of the fragments are 
u and v respectively, show that the ratio of kinetic energies of the fragments is 

E, M 
­ 

E m 
Where E, is the kinectic energy of m and E, is the kinectic energy of M 

Solution 

1 1 

E = m w  and E , = M 
By la of conservation of linear momentun? 

m = M 
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e. If 

9. An object X of mass 2kg, m ·. 
Aft , oving with a velocit 10 -1 1 1 ·d . h mass. ter collision X moues ith sp e e d  'y  ms c ol « e s  itl a stationary object Y of equal 

a speed of Y at an angle of 9o [, t a t  an angle of 30° to its initial direction while moues ith 
(i) C to e ne direction. " ' -alculate the speeds U and 
(ii) Determine heth the . ,  (05marls) 

Solution er e col l i s ion is elastic or not. (03marhs) 

b» g 
Before impact 

( -» ) : 2 x 1 0  =  2ucos30 + 2cos60 

V3 1 20 = 2 u - + 2 ­  
2  2  

D  =  �o - u--./3 [1] 
( T ) : 0  =  2sin30 2vsin60 

2usin30 = 2vsin60 
u V3 
-  I  1) ­ 

2 2 

u u =3.... . .. .....[2] 
Put into [ 1 ] :v = 2 0  - V3  3  

4v = 2 0  
v =5ms' 

=v [3 .=5/3 = 8.66ms 

i. Total K.E before collision 
1 

K . e = - x 2 x 1 0  =  100] 
2 

Total K.e after collision 
= / x 2 x ( 5 )  +  1/282(5/3) = 100J 

Since kinetic energy is consered then the 
coll is ion is elastic 

() elocity of the 3kg sphere after the 
collision. 

(ii) amount of energy lost by the moving 
bodies in the collision An (1mls, 2.25J) 

. A 2kg object mouing ith a elocity of 8m/ 
collides ith a 3kg object mouing ith a velocity 
6ms' along the same direction. If the collision is 
completely inelastic, calculate the· decrease in 
kinetic energy collision. An [2.4J] 

8. To bodies A and B of mass 2kg and 4kg mouing 
ith elocities of 8m/s and 5m/s respectively 
collide and move on in the same direction. Object 
A's new velocity is 6m/s. 

(i) Find the velocity of 8 after collision 
(ii) Calculate the percentage loss in kinetic 

energy. An(6m/,5.26%) 
9. A railway truck of mass 4x1o g mouing at a 

elocity of 3m/s collides ith another truck of 
mass 2x10g hich is at rest. The coupling join 

and the trucks moue off together 

(i) What fraction of the first trucks initial 
kinetic energy remains as kinetic energy 
of two trucks after collision An [/1 

(ii) Is energy conserved in a collision such as 
this, explain our answer 

10. A particle of mass 2kg moing with speed 10ms 
collides ith a stationary particle of mass 7kg. 
Immediately after impact the particles moue 
the same speeds but in opposite directions. Fin 
loss in kinetic energy during collision. An(2£ 

Exercise13 

1. A 4kg ball mouing at 8m/s collides with a 
stationery ball of mass 12kg, and they stick 
together. Calculate the final velocity and the 
kinetic energy lost in impact An [2m/s, 96I] 

2. A body of mass 6kg mouing at 8ms' collides with a 
stationary body of mass 10kg and sticks to it. Find 
the sped of the composite body immediately after 
impact An(3m/s) 

3. A bullet of mass 6g is fired from a gun of mass 
0.50kg. if the muzzle velocity of the bullet is 
300ms', calculate the recoil elocity of the gun 
An(3.6m/s) 

4. A body A of mass 4kg moves ith a elocity of 
2ms' and collides head on ith another body, 
B of mass 3kg mouing in the opposite direction 
at 5ms'. After the collision the bodies moue off 
together ith • Calculate An(-1m/s) 

5. Amass  A of  6kg mouing a velocity of 5m/s 
collides with a mass B of mass 8kg mouing in 
the opposite direction at 3m/s. 
(a) calculate the final velocity if the masses 

stick together on impact 
(b) If the masses do not stick together but mass 

A continues along the same direction with 

a velocity of 0.5m/s after impact. Calcu late 
the velocity of B. An (0.43m/, 0.38m/) 

6. A sphere of mass 3kg mouing with elocity 4m/5 
collides head-on with a stationary sphere of mass 
2kg and imparts to it a velocity of 4.5m/. calculate 

the; 

4 
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"_ bullet of mass 2.0x10 g is fired horizontally into 
a free- standing bloch of ood of mass 4.98x10'g, 
which it knocks forward ith an initial speed of 1.2m/ 

(a) Estimate the speed of the bullet 
(b) Ho much kinetic energy is lost in the 

impact An(3oom/, 09.64]) 
(c) What becomes of the lost kinetic energy 

12. A 2 k g  object mouing ith a velocity of 6ms' 
collides ith a stationary object of mass 1kg. If the 
collision is perfectly elastic, calculate the velocity of 
each object after collision. An[2m/s, Oms'] 

13. A body of mass m makes a head on , perfectly 
elastic coll is ion ith a body of mass M initially 

M · .  

Ar 34(') at rest. Shothat ==  = ' ,  here E,,is 
« (+3) 

original kinetic energy of the mass m and AE 
the energy it loses in the collision 

14. A metal sphere of mass m,, mouing at elocity , 
collides ith another sphere of mass m-mouing at 
velocity u in the same direction. After collision the 
spheres stick together and moue off as one body. 
Show that the loss in kinetic energy E during 
collision is gien by 

~(u, -u,) ?  ­  

"5 ,  ;  w h e r e ~= m,, 
m, + m 15. A stationary radioactiue nucleus disintegrates into 

an a particle of relatiue atomic mass 4, and a 
residual nucleus of relatie atomic mass 144. If the 
kinetic energy of the a -particle is 3.2410"), what 
is the kinetic energy of the residual nucleus 
An(91o"p) 

16. On a linear air-track the gliders float on a 
cushion of air and moue ith negligible friction. 
One such glider of mass 0.50g is at rest on a 
level track. A student fires an air rifle p e l l e t  of 
mass 1.5x10g at the glider along the line of the 
track. The pellet embeds it's in the glider which 
recoil with a velocity of 0.33m/s. calculate the 
velocity ta which the pellet struck An(11om/;) 

17. The diagram below shos a body A of mass 2lg 
resting in a frictionless horizontal gully in hich it j 

constrained to moue. It is acted upon by a force 
shown below for 5s after which time it strikes and 
sticks to the body B of mass 3kg, the force being 
removed at this instant 

=4.. 

:. .d masses be 
bine' ' ( the Co 

,peed°' ,o° to the 
the at 3' • 

h a t " ~a l 9 )  tea' ~ass 1.2h9 
As@o.·,so." ~9 '  ~at around a 

s at"""~est""  ate{{[ls ieas horizont' ~oe ° ,4the ..  i t t o m'  ~ed di 
ca ~ hat5P° ,  ~oing freely al 4. 0 m s ·  ,)  jag i s m'  
An(s.2ml ,ass 40°' , man moving a 

fl t truck of t 3.orns · on to the trucd 19. A' lo'  , t a ck °'  ump ' . J  h o r i z o n ! ' , e  t r a " y o . 5 o m s .  1e  
«sht angle' ", e d e < a )  

«us";;if~an.A",,saws the mass 1. 6 x 1 0'  jth the 
of mas5 ·' 1, [ides WI 20. A Pro'?", _ 3 1 0 ? m s " " ~ ~ t o m  of mass 

a elocit¥' ~_ t i onary  0xyS direction at cleus of a st ,bo u n d s  in 
" , - g  and r e" "  _,,  te the velocity 2.56x ..  4  5ath. Calcul ,  90° to its original P ,en nucleus, assuming :. of the 0xy9 
and direction ,r e t l y  elastic. 
the collision is P " " s  to the original 
An(2 .65x10m/S, 

direction of the prot"/,,~ ith a speed of 
I A f mas 10kg mo 1 . _A  ball .o! ,m ther ball B of mass 20l 8ms collides itl anot . 

. Aft collision, A and 8 move in in it ially at rest. er 
direction making angles of 30° and 
45° respectiely ith the initial direction of mo 
of A. calculate the speed of A and 8 after the 
collision An(5.85ms , 2 . 0 7 m s  ') 

22. To balls collide and bounce off each other c 
shown belo. Determine the final velocity ¢ 

5kg mas if 8kg mass has a speed of 15ms3 
after collision. 

0 ,nm• · '-�--� 
-= a  /  , 3 0 °  

15ms' 

· An alpha particle of mass 4 units is incident 
with a elocity u on a stationary helium 

nucleus of equal mass. After collision, an alp 
Particle moves with a velocity ' at an angle 
60° to its initial direction while the helium 
nucleus moues at angle 6 to the initial d; 
of the alpha pa rt ic le  c  lire 
the he y ;  2ar ti cl e .  -alculate the elocity 

eI i u m  nucleus after collision and the o 
o f0 .  An"m-1 

2 , 0 = 3 0 ° )  
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5es be 

1e 
'g 

ind at 

ely alo,, 
ing at "" 
truck 
What .  

I  

with 

155 

1 at 

:ity 
ing 

0kg 

in a 

otion 

Application of la g 
C "d o conservat· o n s i de r  a  horse pipe f ion of momentum d ot cross-seti an comes to rest then; Ional area A giing a ater jet of elocityy , if the 

, e water hits the all 
Where p is density or .a?°f water striking the wall per second = pvA 
Force due to water _ -mass per second xvelocity change 

[ F o r c e  = p ]  
Eamplet 

1. Water leaes horse pip it II h ic h  e  at  a  rate of 5. 0kgs} ith a wal wh i c h.  stops it. Calculate the f¢ wit a speed of 20ms' and is directed horizontally on 
Solution orce exerted by the ater on the all. · 

Force due to water= 
2. A horse pipe has a hole ass per second xvelocity c h a n g e = 5  x(20 - 0 )  =  100N 

1  Or cross-sectional area 5o ? d 0 . 3 m s ' . I f  the ater is incide t cm an ejects water horizontally at a speed of 
f 

I en on a vertical wall d it h · I • · orce the ater exerts on the all. anc ts orizontal velocity becomes zero. Find the 
Solution 
Force due to water- A 2 o. 3. Ahelicopter of mass 1 . 0 a 1 0 %, ' , " 1 3 x 5 0 x 1 0 7 x 1 0 0 0 x 0 . 3  =  0.45N rotating blades. The R9 10ers by imparting a downward velocity to the air displaced by its 

air=1.3hgm) 'area swept pout by the blades is 8om. Calculate the alue of • (density of 
Solution 

F = pAv2 3  1 . 0x10x9 .81  = 104 
mg = pA? ±  v = 9 . 8 m / s  

1 .0x10x9.81 = 80xx1.3xv - 0 )  '  
4. Sand falls onto a conveyor belt at a constant rate of 2kg'. The belt is moving horizontally at 3ms'. 

Calculate 

IS 

f 

(a) The extra force required to maintain the speed of the belt 
(b) Rate at hich this force is dong work 
(c) The rate at which the kinetic energy of the sand increases 

Solution 
1 Rate of h.e = ;m x (velocity change) 

1 
= - x 2 x 3  = 9]s 

2 

Since l is perpendicular to the all then the 
vertical component is zero 

V 

- - - V2 = 0  
2  

(V 
= �;-: m/: i - - N Z  0  0  

- l  l.al \cs« 
- x - 2 / 2 + V 2  

2  
I  =  0.966Ns 

Impulse I = mv - m u  

J(yo)y_(",)y 

z •  !  7  

' il l ,)  El it..a 

Force =mass per second xvelocity change 
= 2x3 = 6N 

Rate of doing ork =force x velocity change 
= 6 x 3  =  18]s' 

5. A ball of mass 0.25kg mouing in a straight line ith a speed of 2ms'strikes a vertical all at an angle 
of 45° to the normal. The wall g ives it an impulse in the direction of the normal and the ba\\ rebounds 
at an angle of 60° to the normal. Calculate the magnitude of the impulse and the speed with which 
the ball rebounds. 

Solution 
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11 

'the mass of the car and its occupants i O0kg calculate the aerage force on the Car 
1 

·+  an auerage mass of 4.0,, Hait stones ",,[~~~ a iat roof at 1 2 m ; " 3  II a n d s  n'"' h ·1 t . , ,  ti  v e rt i c al ly'  ~  tes, 6000 h ai l st o n e s  ;  
%eioa°""l" %root  an «boo»a" each squa"°' i, calculate the force , I t 3 oms • , ,  vert ical ly  a' ?  aa  of 30m An(36N 

if it has an are 
roof if it a,le 80mm in diameter%~, , A hose with a. 0 " ;  oater at a rate a¢ a horizontal stream 

3 - 1  

o. 0 4 4 ,  at  elocity will the watery, (a) With wt e the nozzle d i l l  be the force exerted on (b) W g " ii ,im i t a t e d  close to then%~ ertical al le and at right-angle to the stream o¢ t ·f after hitting the wall; water ,  II  t, i) The water falls vertically to th e  groun 
h 1is%e oater rebounds horizontal 

An(8.75m/s, 385N, 77ON) 
t t is outside her space capsule in a 2. An astronau t  ,~  ,,  

:  h the effect of graity can e region wh e r e1  
I  ct  d  She uses a gas gun to move erself n e gl ec te d.:  ,, 

relatie to the capsule. The gas gun fires gas 
from a muzzle of area 1.60mm at a speed of 
150ms'. The density of the gas is 0 .80 0lgm 
and the mass of the astronaut including her 
space suit is 130kg. calculate 

(a) The mass of gas leaing the gun per see 
(b) The acceleration of the astronaut due 

gun, assuming that the change in mass j negligible 
An(1.921og', 2.2210me) 

3· Sand is poured at a steady rate of 5.0g'on tt 

pan of a direct reading balance calibrated j 
9rams. If the sand falls from a height of 0.20m¢ 
to the pan and it does not bounce off the pan 
hen, neglecting any motion of the pan, calcul he reading on the balance 10s after the sand {­ hits the pan. An(0.o51hg) 

@· A top class tennis player can sere the ball%¢ 
mass 57g at an initial horizontal speed of 50my the ball remains in contact with the racket f% 

9.050s. calculate the aerage force exerted om8 ball during the sere An(5zN 

• A motor car collides with a crash barrier ken 'ravelling at 10ohm/h and is brought to re. jn 0.1s. 
(a) 

Eeriet4 leaues the end of a hose [IO. 

1. Ahorizonta l  jet of w a t e" " __ ,, a l l y  with a velocity 
pipe and sties a wall ho"" ~~, a diameter of 
of 20m/. 1 f  the end of """ ""as exerted on 2cm, calculate the force th 
the wall .  An(125.7N) diameter of 
Water flows at 3m/ from a p i p e " . , e  outlet of /1. 2. ert ic l  plate near 0.1m and strikes a v er ti c al  R i l e s  the plate h t of water s  n d the p ipe . If t e s. r e a m  will be exerte normally, calculate the force that 
on the wall. An(7IN) jpe and hits 'from a hose pi 3. Water emerges at 2m ' ~ a  has across­ a wall at right angles. 1° ";~tee tore on sect iona l area of 0.03m . ca lc d not 
the wall assuming that the """ " ,i ak(ea2oN) 
rebound.(density of water 1 o 0 0h 9 "  , ~ ~ ,  

was sac«rs hors,,(".~.lats% burst pipe at a rate of 3. 0 g s '.  ,~  
vertical wall at right angles and runs d o " " __ , ,  without rebounding. Calculate the force the exerts on the all An(12N) 

5 A m a c i n e  sun f«es 3oo ballet pe_"?"",, horizontally with a elocity of 5 0 0 m s .  ·inc 1e force needed to preent the gun mouing back­ ward if the mass of each bullet 8 .010g An(2oN) 
6. Coal is falling onto a conveyor belt at a rate of 540 tones every hour. The belt is mouing horizontally at 2.0m5'. Find the extra force required to maintain the speed of the belt An(3.010N) 
7. A helicopter of total mass 1000lg is able to remain 

in a stationary position by imparting a uniform 
downward elocity to a cylinder of air belou jt of 
effective diameter 6m. assuming the density of @j¢ to be 1.2kgm, calculate the downward elocit given to air An(17.2me') 

8. (a) The rotating blades of a hovering helicopter 
seeps out an area of radius 4.0m imparting e 
down ward velocity of 12ms'to the air displace 
Find the mass of the helicopter.(density of a; 1.3kgm) An(94ohg) 
(b) the sped of rotation of the blades of t% 

helicopter is now increased so that the a; 
has a down ward velocity of 13ms'. Fin4,, 
Upward acceleration of the helicopter An(1.z7mt) 

9. Find the force exerted on each square mete¢ awall  hich is at right angles to a uj 

blowing at 2oms'. Assume that the ate , 
rebound. (densty of air 13ham ?) An@s5%i,,"" 
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ewe  

(b) Because of the seat belt, t 

of«e aver h os e 6k  ~~5,""""en restricted to 0. 2 0  .,  A, 1  
C  I  I  

.  m  relative tot the car a cu ate the av f · the be l t  erage force exerted by e el on the drier 
An(2.51ON, 1.541ON) 

16. A stone of mass 80kg is released at the to; of 
vertical cliff. After fall ing f b , p a 

h  f or 3s, it reaches th e  foot of the cliff, and per tr at  ·  n et r  es 9c t the ground. What is. .m i nt o  
(a) The height of the cliff 
(b) The aerage force resisting penetration 

of the ground by the stone An(5m 
40oN) " 

17. The blades of a large ind turbines, designed 
to generate electricity, sweeps pout an area of 
1400m and rotates about a horizontal axis 
hich points directly into a ind of speed 15m/5 

15m/s =-=-=------ �,1.,.f }9 
(a) Calculate the mass of air passing per 

second through the area sept out by 

the blades ( tale the dens ity of a ir  to 
be 1 .2 lg/m') 

(b) The mean speed of the on the far side of 
the b lades is reduced to 13m/s. how 
much kinetic energy is lost by the  air per 
second An(2.510hg/, 7.110/1)) 

8. A bal l  of mas 6.010'hg moving at 15ms' hits a 

all 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 est imated to be in contact 
ith the all for 3.010s, hat is the 
average force on the ball 
An(1.5SN»,5oN) 

9. A body of mass 2.0hg and which is at rest is 
subjected to a force of 200N for 0.2s followed 
by a force of 400N for 0.30s act ing in the same 
d irect ion. Find 

(a) The total impulse on the body 
(b) The fina l  speed of the body 

An(16oNi,8om»'') 

4.1.9 BALLISTIC DENDULUM 

Resolving a long the vertical g ives Lcos0 
But L = Leos 0 + h 

h = L - Lcos0 = L(1  - cos0) 
The device illustrates the laws of conservat ion of 

momentum and mechanical energy 

Before impact After impact 

Light string 

l j .  

., 'Ed 
m M 

a) During impact 
❖ Mechanical energy is not conserved because of friction and other non conservative forces 
·'· Linear momentum is conserved in the horizontal direction along hich there is no external 

force 
If V, is the velocity of combined mass just after collision 

C • 

Mv + mx0 = (M + m)V, 
mv = (m + M)l1c, (i) 

The block was initially at rest. 

O :. I nlo of quint 

b) Swing after impact 
❖ Mechanical energy is conserved. The conserved gravitational force causes conversion of 

k. e top .  e. 

❖ Momentum is not conserved because an external resu ltant force (pull of the earth I 
weight) acts on the bullet-block system. 7 

From (i) k. e. = p. e. B u t h  = L ( 1 -  cos0) 
1 = 2 g l 1 - c o s 0 )  
-(M + m)y? = (M +m)gh W Z  .( 2 )  
2  V e = '2 g l 1 - c o s 0 ) . . . .. . (  

t.. 
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V, =0.81ms' 
The velocity of the composite just after 

coll is ion is 0.81ms' 
;;) Drineiple of mechanical energy at B 

K . E  = P . E  

Exercise 15 

1. 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. Giuen 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[21om/s] 

(ii) The maximum velocity of the block. An[42m/] 
2. A bullet of mass 20g travelling horizontally at 

100ms' embedded itself in the centre of a block of 
wood of mass 1kg hich is suspended by a light 
vertical string 1m in length. Calculate the 
maximum inclination of the string to the vertica l .  
An(36.1°) 

3. A bullet of mass S0g travelling horizontally at 
600ms' strikes a block of wood of mass 2kg hich 
is suspended by a light vert ical 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 sings such that the string makes an angle 
of 25° ith the horizontal. Calculate the length of 
the string. An(1.79m) 

4. 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] 

s. A bullet of mass 50g is fired horizontally into a 
block of ood of mass 8kg hich is suspended by 

1 2 
MV = M , g H  but M , =  (m + 2m) 

n _ Y _ ! 0 8 r  _ 0 . 3 3 m  
2 0  2  981 

i i )  -Frictional force 
-Air resistance 

strings of length 2.5m long. After impact the 
block sings upwards through an angle of 30° to 
the vert ica l . F ind the velocity of the bullet 
An[32.7m/] 

6. A simp le pendu lum consisting of a small heavy 
bob attached to a light string of length 40cm is 

released from rest ith the string at 60 to the 
downward ertical. Find the speed of the 
pendulum bob as it passes through its lowest 
point An(2.0ms') 

7. A circular r ing is tied to a roof using a string of 
length, l and displaced such that it makes an 
angle of 20 ith the vertical, here 0 = 30°. It i5 
then released to throw a spherical ball 
horizontally across the dam at a height, h. It 
coll ides in elastically ith the ball when at angle 
0 and move together unt i l the ball leaves the 
bench horizontally to cross the dam of width 4h. 

if the bench is frictionless and the masses are 
/3-1) _ equal, shothat h = -  .  Hence if 

32  

l  = 128cm ,find the velociy ith hoich the 
ball hits the ground 

UNED 2018 NO.e 
(i) Explain why a passenger in a car jerks forwards hen the brakes are suddenly applied. 

(03 marks) 
(ii) Use Neton's second la to define the Newton. (04 marks) 

UNEB 2017 NO.1 

(a) () State Newton's las of motion - (03marks) 
(ii) A molecule of gas contained in a cube of side l strikes the all of the cube repeatedly with a 

.  2  

velocity u. Sho that the average force F on the all is gien byy F = ! '' h e r e  m  is the mass ol 
(04marks, 

the molecule tum 
b) (j) Define the linear momentum and state the la of conservation of linear moment 1.  

(02marks) 
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