Heinemann Solutionbank: Mechanics 2

Solutionbank M2
Edexcel AS and A Level Modular Mathematics

Exercise A, Question 1

Question:

In this exercise 1 and j are perpendicular unit vectors.

A particle of mass 0.25 kg is moving with velocity (121 +4j) m s when it receives
an impulse (81— 7)) s Find the new velocity of the particle.

Solution:

Bi—7]=025v—0.251%4 + 43}
Ene s | Usze impulse=rmv —rm,
S Bi=Tj=025v-31—] )
L then make v the subject
2025y =111—6] of the farmula
Cvo=441 245
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Exercise A, Question 2

Question:

A particle of mass 0.5 kg is moving with velocity (21— 2] m s~ when it receives an

impulse (314530 Ms . Find the new velocity of the particle.

Solution:

A+5)=0.5v—-0521—2
=10 Sﬁr—l+] | Use ifﬂplﬂSE= IV — ¥l
: ; (change in momenturn).
S Ay =di4+ 4§
SV =E8i418)
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Exercise A, Question 3

Question:

A particle of mass 2 kg moves with velocity (31+2)) m s~} immediately after it has
received an impulse (414870 Ms . Find the original velocity of the particle.

Solution:

4i+8j = 2x(3i+ 2j)—2u T
=fi+4j—
codu=60i+4)—4i—Gj motm et
=2i—4j
soa=i—12j

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Mechanics 2 Pagel of 1

Solutionbank M2
Edexcel AS and A Level Modular Mathematics

Exercise A, Question 4

Question:

A particle of mass 1.5 kg moves with velocity (51—8]) m 5™’ immediately after it has
received an impulse (31 —6j) Mz, Find the original velocity of the particle.

Solution:

H—aj=15035-3j)—1.5un
Sl =T5-12)-3i4+4j
=4 5i—fj
su=31-4j
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Exercise A, Question 5

Question:

A body of mass 3 kg is initially moving with a constant velocity of (i+])m s~ when
it iz acted on by a force of (61 —8)) I for 3 zeconds. Find the impulze exerted on the
body and find its velocity when the force ceases to act.

Solution:

impulse = force X time _ _
*— Tlze impulse =force xtime

Soimpulse = (Bl— B 3
=18i— 245

But impulse =change in momentutn

S1Bi—2dj=3(v—{1+])) +— Then use
18— 24j +3i+3j =3v impulse = changein motnentum
S 3v =272 = g
SV ="M=
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Exercise A, Question 6

Question:

A body of mass 0.5 kg is initially moving with a constant velocity of (S1+12))m 57
when it is acted en by a force of (21— 30 I for 5 seconds. Find the impulze exerted on
the body and find its velocity when the force ceases to act.

Solution:

impulse = force X time
={21—] x5

*— Tze impulse = force xtime .

=10i— 5

Butimpulze = change in momentutmn

A =5 =05(v—(3+121)}  *—— Then impulse = change in

Sl =53+425+6)=05v momentum.
S0sv=1251—j
SV =25—2)
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Exercise A, Question 7

Question:

A particle of mass 2 kg is moving with velocity (51+32)) m s~ when it hits a wall. It

rebounds with velocity (—1—3j)m s . Find the impulse exerted by the wall on the
particle.

Solution:

impulse = change in momentum | TUse impulse = mv—pm .
=2{(1 -3 —2{31 43
=—12a1-12
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Exercise A, Question 8

Question:

A particle of mass 0.5 kg is moving with velocity (11— 2)) m s~ when it hits a wall.
It rebounds with velocity (—i+7j)m s~ Find the impulse exerted by the wall on the
particle.

Solution:

impulse = change in momentum

= 0.5% (< +7)— 0.5% (11i— 2j)
= —6i+41]
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Exercise A, Question 9

Question:

A particle P of mass 3 kg receives an impulse Q s, Immediately before the impulse
the welocity of P iz 5im 5™ and immediately afterwards it is (131—6j)m s, Find
the magnitude of () and the angle between Q) and 1

Solution:

Q =mv—rpm

= 3(13i — &§) — 3(50) P
= 24i—18j
Q= JeHT + (=187 —
=30
- 24 -
) =g | i

B ;18

Let o be the acute angle betweeniand Q.

Then
18

tan @ = &
SELE T

oo =36 550 1)
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Pythagoras’ Theorem, and find the
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trigonometry.
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Exercise A, Question 10

Question:

A particle P of mass 0.5 kg receives an impulze Q Nz Immediately before the
impulse the velocity of P is (—1— 2] m 57 and immediately afterwards it is

(31—4j)m s, Find the magnitude of Q and the angle between Q and 1.

Solution:

Tse impulse = change in momentum.

Q = 0.5(3i—4j)—0.5(—i— 2j)
= 2i—j
Q=2+ 1
= f5=224 (3s£)

Let o be the acute angle between ) and 1.

Tse

1
tan e = =
2

Soa =266 (3sf)
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Exercise A, Question 11

Question:

A cricket ball of mass 0.5 kg 15 hit by a bat. Immediately before being hit the velocity
of the ball is (201 —4j) m s™ and immediately afterwards it is (—16i+8))m 5™ Find
the magnitude of the impulse exerted on the ball by the bat.

Solution:

Impulse = change in mom entum
= v —
=05x{—1648)— 053201 — 47
=—di+4 101425
=—184¢)

S Magnitude of the impulse = ~.|I'|:—18]I:4 +6% =6:{10

=19.01%s (3s.£)
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Exercise A, Question 12

Question:

A ball of masze 0.2 kg iz hit by a bat. Immediately before being hit by the bat the
velocity of the ballis —15im s and the bat exerts an impulse of (214 67) Ns on the
kall Find the velocity of the ball after the impact.

Solution:

TTzeimpulse = change in mom entum

21+ 6j = 0.2v—0.2(—151)

—02v+3
0.2y =20+ 6j— 3
= —i+6j
v = —5i+30j
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Exercise A, Question 13

Question:

A particle of mass 0.25 kg has velocity vm s~ attime ¢ s where v=(£* —3)i+44 .

When ¢ =3, the particle receives an impulse of 2142 MNs . Find the velocity of the
particle immediately after the impulse.

Solution:

v=0z* =3 +44

TWhen =2 let v=u * substitute # =2 into expression
for velocity, to find the velocity
u=*f1412 before the impact.

TTse impulse = change in momentum
Then 21425 = 0.25v—0.25(61 4 27}
S025v =214 23402506+ 2
=353M4275
Sy =144+10)
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Exercise A, Question 14

Question:

A ball of mass 2 kg is initially moving with a velocity of (1+])m s Ttreceives an
impulse of 2 Ms. Find the welocity immediately after the impulse and the angle
through which the ball 1z deflected as a result. Give your answer to the nearest degree.

Solution:

Tseimpulse = change in momentum
L2y =2v—=20147)
S2v =2 4214

=Zzi+4j
v=1+2)
/ Eefore impact the welocity
-,-// V‘fas 1_+] and so the *+— Find the angle between the
/??‘ ! AN direction of the balllwas direction of the welecity and
at an angle o withi, the direction 1, both before
ol o S | where and after the impulse.
i tan{:z:i-,i.e. =45
A
f)’
y : 5ok
After impact the velocity 13
P4 . o A Then calculate the angle of
/ Y 14 2) and so the direction ;
/, T &l . deflection.
/ of the ball 1z at an angle 3
i
/ o 0
/f with 1, where tanr-ﬁ=T,1.e.
AP | B=634

. The ball 15 deflected through an angle of 12.4°.
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Exercise A, Question 15

Question:

A particle of mass 0.5 kg moving with velocity 31 m s collides with a particle of

mass 0.25 kg moving with velocity 12im s, The two particles coalesce and move as
one particle of maszs 075 kg Find the velocity of the combined particle.

Solution:

Let the new velocity be . Let the new velocity be x1

and use conservation of
Tsing conservation of momentum momentum. Equate 1
component to find x.

05x3+025x121=075x
S 10i+31 =075

. 0.75x = 4.5
. 45
5 .x e PR VL,
0.75

=6

So the welocity of the combined particle is 6ims™.
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Exercise A, Question 16

Question:

A particle of mass 5 kg moving with velocity (i—j)m s~ collides with a particle of
mass 2 kg moving with velocity (—147)m s The two particles coalesce and move

as one particle of mass 7 kg Find the magnitude of the velocity v m s~ of the
combined particle.

Solution:

Tse conservation of momentum to
find v, then use Pythagoras’

Theorem and trigonometry to find
| v| and the angle between v and 1

Let the new welocity be x1437 .

TTze conservation of momentum:

SA—304 2(—1+3) ="z
Then 5i—5—2i+2j="7x+7x
LA=3=Tn+"7n

Equate coefficients of i and j to give

Tr=3and Ty =-73

' welocity iz Ei—ij
v 7 7

3

?]2 =22 =0.606 ms7'(35.5)

7
The magnitude of the velocity is [%] -|—[—
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Exercise B, Question 1

Question:

In each part of this question the two diagrams show the speeds of two particles 4 and
B just before and just after a collision The particles move on a smooth horizontal
plane. Find the coefficient of restitution ¢ in each case.

Eefore collision After collision
a . _
6£ : At rest At rest 4E_ :
A 5 A B
b 4ms! Ims? Ims! Ims™
A B A B
£ Oms! fims? Tms™! Ims!
A B A B
Solution:
4—0_ 2
a e=——=_
6—0 3 Tze
w,—w _ speed of separation
h é.:E:l é‘:u —u - speed of approach
4 o 2 17
C
)
9—(—10)
=2
15
=1
3

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com

Pagel of 1



Heinemann Solutionbank: Mechanics 2

Solutionbank M2
Edexcel AS and A Level Modular Mathematics
Exercise B, Question 2

Question:

In each part of this question the tweo diagrams show the speeds of two particles 4 and
B just before and just after a collision The patticles move on a smooth horizontal
plane. The masses of 4 and B and the coefficients of restitution ¢ are also given Find
the speeds v and v, in each case.

Before collision After collision
aesp | emt g | owmst owme?

A(0.25km E(l.5kg) A0.25kg) E 0.5k
b e =025 4t st vms! vt

A 2kg) B (3kg) A 2kg) B (3kg)
o=y |emg emst|wmet o vme

A(3kg) B(lkg) A(3kg) B (lkg)
4 o=z | emst emet | wme? nme

A(400g) B (400g) A(400g) B (400g)
¢ ey |ml mmet fwmet o vmed

AlSkgy Bidka AlSkgy Eidkg
Solution:
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TTse conszervation of linear

a  Tlsing conservation of linear momentum: — | momentum and Newton's Law
of Eestitution.

0256405 0= 025 40.5v,
Multiply equation by 4.

6=y +2v, oy
Using Mewton's Law of Restitution:

speed of separation
g =

speed of approach

. 1 w—W
1:Ex: = ——
2 -0

L3 =w ey (23

Add equations (1) and (23
Then
8=71y
SV =3

sSubstitute into equation (1)

Sb=w +2x3E

Sow =0
o Ais atrestand B moves at 3ms™! after the collision.

b Tlaing conservation of inear momentum:

2xd+3x2 = 2w +3v,
S 14 = 2w 43, (1)

Tsing Mewton's Law of Eestitution:

_ speed of separation

speed of approach

Lpos=r""

GlSe=aneme (8]
Llultiply equation (2) by 2 and add to equation (1),

15 =5,
Sy = 3
substitute into equation (1) w = 21j

1

oA and B omove with speeds Z%ms' and 3ms™! respectively after the

collision.
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Exercise B, Question 3

Question:

A amall smooth sphere 4 of mass 1 kg is travelling along a straight line on a smooth
horizontal plane with speed 4 m 5™ when it collides with a second smooth sphere B
of the same radius, with mass 2 kg and travelling in the same direction as A with
speed 2.5m s

After the collision, A continues in the same direction with speed 2m 7

a Find the speed of & after the collizion

b Find the coefficient of restitution for the spheres.

Solution:
a
1 i
(1 kg) (5 ko) 1 Draw a clearly labelled
ey diagram.
Before Impact = 4 m s-! =2 & m 5!
Aditer Impact = ms=! - ms=

Let the speed of &, after the collision, be vm sl

TTze conservation of linear momentum:

Ixd4+2x25=1x 242w

e =24
cew=7
v=35

Speed of B after the collision is 3.5ms™".

b TTse Newton's Law of Restitution
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Exercise B, Question 4

Question:

Tweo spheres A and B are of equal radius and have masses 2 kg and & kg respectively.
A and B move towards each other along the same straight line on a smooth horizontal

surface with velocities 4m 5™ and 6 m s~ respectively. If the coefficient of friction
13 % find the welocities of the spheres after the collision and the magnitude of the

impulse given to each sphere.

Solution:
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Heinemann Solutionbank: Mechanics 2 Page2 of 3

-~ . Fag N
! \ f \
2ka | 6le )
/ \ J
S 2 SR
Before impact = 4 ms! - i ms-l
AllEr i e —= —_—

Tzing conservation of linear momentum:  *——— Tlze conservation of linear

momentum and Mewton s Law
2xd—bxb =2y + 6y, of Bestitution.

Co—28 =2y +ow,

+— by

Before impact:
So=1d=w 3w (1)

Using Mewton's Law of Restitution:

5 4-(-8)
gl e
B {1

Le. 2 =w,—w ()
Add equations (17 and (2)

—12 =4y,

SV =i
sSubstitute into equation (2)

2=—3—y
S = =5 [Check in equation (1).]

The speed of A and B are 5 ms~! and +— TTge
3ms"! both now in the direction that B was impulse = change of momentum
moving before the impact. for each particle separately.

The impulse given to sphere A =change in momentum of sphere A

= 2% (—5)—2x4
=—13Ns

The impulse given to sphere B =change in momentum of sphere &

= 6x(—3)— Ex(—6)
=18 1s

S A and B experience equal and opposite impulses — to the left on A and to the
right on B
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Exercise B, Question 5

Question:

Two particles of mass 2e and 3w respectively are moving towards each other with
speed & If the 3m mass iz brought to rest by the collizion, find the speed of the 2w
tnass after the collision and the coefficient of restitution between the particles.

Solution:
Py TN
| n | 2 m
B gl
Before collision - i - "
After collision - 1 . ]

Let the speed of the 2m mass be vms™ after the collision.
Tsing conservation of linear momentum:

2rm— Spme = 2y 4+ 3mx 0
JL—E = 2y
%
I'Iv |

2
Using Newton's Law of Restitution:

0—1

()

Ia] — §J|MIF=

. The 2me tass moves with speed Hjms'1 after the collision, having changed

direction.

The coefficient of restitution is i_l
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Exercise B, Question 6

Question:

Two particles A and B are travelling along the same straight line in the same direction
oft as smooth horizontal surface with speeds 3u and & respectively. Particle A catches
up and collides with particle B If the mass of £ 15 twice that of A and the coefficient
of restitution is ¢ find, in terms of 2 and &, expressions for the speedsz of 4 and B after
the collision.

Solution:

Before collisaon = in = i

After collision - i

Let the speeds of 4 and B, after the collizion, be v and w respectively.
TTzing conservation of linear momentum:

B Bn 4 Zemin = v 4 2w
-+ through by a2
Sovtdw=5 (1)

Using Mewton ¢ Law of Restitution:

z

—V

=&

¢ W

Y,
4 v =Zdue ()
Add equations (1) and (2)
3w = w5+ 28)
oW =%(5—I—2e)
subtract twice equation (2) from equation (1)

Coov = S —due

2
Sy =—i5—dg
3( )
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Exercise B, Question 7

Question:

Two identical particles of mass #e are projected towards each other along the same

straight line on a smooth horizontal surface with speeds of 2u and 2x. After the
collizion the directions of motion of both particles are reversed. Zhow that this

implies that the coefficient of restitution ¢ satisfies the inequality 2 = % .

Solution:

Before collisaon = 2 i il i

After collision = -

Tsing conservation of linear momentum:

o 2u 4 (=30 = v+ mew
Sovtw =—u (1)

Tsing IMewton's Law of Eestitution:

W—
=g
2 43

Sow—v = Den ()

Add equations (1) and ()
2w = Den —u

W= %(5@- -1
=ubtract equation (2) from equation (1)

2v = —u— e,
= %(—1—53)_
Az directions of both particles are reversed, v< 0 and w =0,
b v=—g(l+5e) then v < 0 for all walues of e
w=%(5€—1),then w0 implies Se—1= 0
e e=l

5
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Exercise B, Question 8

Question:

Two patticles 4 and B of mass s and ke respectively are placed on a smooth
horizontal plane. Particle A is made to move on the plane with speed & 50 az to collide

directly with & which is at rest. After the collision B moves with speed %n .
a Find, in terms of & and the constant &, the speed of 4 after the collision

b By using Newton's Law of Restitution show that % < k= % :

Solution:

Before collision = du -yl
Aler collision — | —_—
a Let the speed of 4 after the collision be v.

Tsing conservation of linear momentum:

mu i = mv+ﬁm><%u

VB = mu—%m

+ through by

g 3 u P
SV =H ﬁku orm(lﬂ 3k

b Tsing Mewton's Law of Restitution:

ey
] s
w—10
3 3
.mu—(u—ﬁku) = gu

3 T
,,ﬁm—mu =au

Multiply both sides by 10 and — by u

S =T4+10e

o0

AT fheh EE!‘CEE- — To shqw the inequality,
3 3 vou will need to use
N=g=1.
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Exercise B, Question 9

Question:

Two patticles 4 and B of mass m and 3 respectively are placed on a smooth
herizontal plane. Particle A is made to move on the plane with speed 2u 50 as to
collide directly with 5 which is movwing in the same direction with speed u. After the
collision B moves with speed ku, where k15 a positive constant.

a  Find, in terms of & and the constant &, the speed of A after the collision

b By using Mewton's Law of Eestitution show that % i % .

Solution:

Before collision - -

Afler colliskion r - by

a Let the velocity of 4 after the collision be v

Tze conservation of linear momentutm:

w2+ 3w = pav+ Sk
Cov B = Su
1ev =uld—3k

b Using Mewton's Law of Restitution:

b —v
=g
2u—u
ck—v = au
b —u(5—3k) = eu
dim— 5 = eu
k e+5
4
But 0<e<l -,%gk{_:% “«—— Youwill needto use
the condition 0=es=1.
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Exercise B, Question 10

Question:

L particle P of mass w2 15 mowving with speed du on a smooth horizontal plane. The
particle collides directly with a particle O of mass 2 moving with speed 2u in the
same direction as 2 The coefficient of restitution between P and ' iz 2.

a =how that the speed of ( after the collision 1z %(5+€) :

b Find the speed of P after the collision, giving your answer in terms of 2.
¢ =how that the direction of motion of F 15 unchanged by the collizsion, prowided
3
that & <=

d  Given that the magnitude of the impulze of P on O is 2e, find the value of 2.

Solution:
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I Q

_-'\_ l/'_"\

mo | 3 m
o P

Before collision = A -
collision - -

Afler

a

d

Let the speeds of P and {J after the collision be v and w respectively.

TTzing conservation of linear momentum:

e dee  Be 2 = pov - Sene

Sr+3w =10 (1

Using MNewton's Law of Eestitution:

W—v
=g

dag — 2

SoW—v = Zue ()

Add equations (173 and (2).

dyw = 10w+ Zue
) 2 _u
SOH —T(ﬁ—l-é']l—j(ﬁ—l-e)

substitute into equation (1),

v+%(5+é}=10u

oo ke Gue
VRIS

T “5(5—33)

[Check that w and v satisfy equation (23]

The direction of motion of F iz unchanged provided that %(5 —3g) =10

. 3
o]
1.e & 5

Change of momentum of (J 15

S

3w(w—&;)=3ng[_+ﬂ—2u

2 2

3
=?’m(1+g)

But impulze of P on (15 Zeen

PhysicsAndMathsTutor.com
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Tze v= 0, where v 15
velocity of P after the
collision.

Tse impulse = change
in momentum of &
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Exercise C, Question 1

Question:

Whenever a numerical value of g is required, take g =98m s

A smooth sphere collides normally with a fized vertical wall. The two diagrams show
the speeds of the sphere before and after collision. In each case find the value of the

coefficient of restitution o
a Before impact

10ms!

—_—

O Wall

b EBefore impact

fims"

D —

O Wall

Solution:

_ speed of rebound

a =

speed of approach

_ speed of rebound

speed of approach

© Pearson Education Ltd 2C
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After impact

4ms!
O Wall
After impact
Ftms
O TWall
‘—
Use o= speed of rebound

speed of approach
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Exercise C, Question 2

Question:

A smooth sphere collides normally with a fized vertical wall. The two diagrams show
the speed of the sphere before and after the collision The value of 2 13 given in each
case.

Find the speed of the sphere after the collision in each case.

_1 Before irmpact Lfter impact
a o=
Tms™ v~
O Wall O Wall
b gl Before irmpact ALfter impact
3
121! ¥ims™!
Solution:
a 1T
. % — speed of rebound
Tse 2=
speed of rebound speed of approach

and malke speed of rebound

speed of approach :
3 £R the subject of the formula.

ik s
T
v o= Tl
v )
=335

Speed of sphere after collision is 3.5ms™".

b Tse

_ speed of rebound

E =
speed of approach

=

= e

=12

R Rl

=3
1

", speed after collisionis 3ms™ .
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Solutionbank M2
Edexcel AS and A Level Modular Mathematics
Exercise C, Question 3

Question:

& smooth sphere collides normally with a fixed vertical wall. The two diagrams show

the speed of the sphere before and after the collision. The value of ¢ 15 given in each
case.

Find the speed of the sphere before the collision in each case.

sl EBefore imnpact After impact
a g=xz
ums? 4ms?
O Wall O Wall
b _3 EBefore impact Afer impact
A
ums™? f st
O Aall Wall
Solution:
a Tse
_ speed of rebound
speed of approach
1 _ 4
RS T
uxE=4
)
S =4dxd

Speed before the collision iz Bms™!

b TIze

speed of rebound

speed of approach

| =

=N
e s

%12
=3
1

‘. speed after collisionis 3ms™ .
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Exercise C, Question 4

Question:

A small smooth sphere of mass 0.3 kg is mowving on a smooth horizontal table with a
speed of 10m 57 when it collides normally with a fized smooth wall. It rebounds
with a speed of 7.5m 57}, Find the coefficient of restitution between the sphere and
the wall.

Solution:
Tze
_ speed of rebound
speed of approach
s 13
o 10
1e e =075
The coefficient of restitution 12 0.75 or %

© Pearson Education Ltd 2C
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Exercise C, Question 5

Question:
& particle falls 2.5 m from rest on to a smooth horizontal plane. It then rebounds to a
height of 1.5 m. Find the coeflicient of restitution between the particle and the plane.

Give yvour answer to 2 5.

Solution:

The particle falls under gravity: ' B AR

hits plane by using constant

E=coEs =] acceleration formula.

Tse v =u” + 2as as motion 15 under constant acceleration.

U b

sy =.f5g =~/5%5.8=/48=7

Particle strikes the plane with velocity 7ms™L.

After it rebounds it moves under gravity to 2 +——— Aferthe impact the
height of 1.5 m. motion is again under
aravity.

u="rg=10a=—gv=10
Tse

v =u? 4 2as

S 0=u?—2gx15
cut=3g
= 3% 9.8
=294
o =+29.4
= 5422

The velocity after impact is 5.422m s
Teing

_ speed of rebound

speed of approach

0=222=2078(2:£)

© Pearson Education Ltd 2C
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Exercise C, Question 6

Question:

A particle falls 3 m from rest onto a smooth horizontal plane. Tt then rebounds to a

height 2 m The coefficient of restitution between the particle and the plane 15 025

Find the wvalue of &

Solution:

The particle falls under gravity

g=3u=0a=gv="1

Tse
v =y 4 Zas . Tse v* =2 + 2as for the
2 motion before impact and for
vi=2wgx3 : :
the totion after impact.

e 5

It hite the ground and rebounds. The welocity after the impact is 2w,
Le new velocity 15 0.25,/6g .

It rebounds and mowves under gravity.
u=0250Jbg a=—g.s=hkv=10
TTze

v =u? 4 Zas

2
S0 =025 /6g| —2ghk

sl
Zgﬁz—ﬁxﬁg

_fe.
h=g+g
. _ 3
E=

oo the particle rebounds to a height of %m =1875cm .

© Pearson Education Ltd 2C
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Question:

A small smooth sphere falls from rest onte a smooth horizontal plane. Tt takes

2 seconds to reach the plane then another 2 seconds to reach the plane a second time.

Find the coefficient of restitution between the particle and the plane.

Solution:

The sphere falls under grawvity.
u=0t=2a=gv="

Tze

v =u +af ] Use v=u+af to find the sphere’s

velocity when it hits the plane.

Sov=2g

#_‘_‘_‘_'_""“—'R—-—._._

This 15 its velocity when it hits the plane.

The sphere then bounces and itz new velocity is 2ge, where 2 iz the coefficient of
restitution.

The sphere then moves under gravity for 2 seconds.

w=2dge,a=—g,t=2,8=10

TTze
& = uf +%cx.ﬁz +— For the motion after impact,
.'.U=2gé'><2—1§g><4 use s=uﬁ+%a£2 with s=10
=dge—2g. and & =—g.
Sdge =2g
_g_1
4g 2
The coefficient of restitution is =

5

© Pearson Education Ltd 2C
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Edexcel AS and A Level Modular Mathematics
Exercise C, Question 8

Question:

A zmall smeocth sphere falls from rest onto a smooth horizontal plane. Tt takes

3 zeconds to reach the plane. The coefficient of restitution between the particle and
the plane iz 0.49,

Find the time it takces for the sphere to reach the plane a second time.

Solution:

The sphere falls under gravity.

u=0i=3v="a=g

Tse
v =u+ai
v =3g

After impact the new wvelocity 15 049x5g .

The sphere then moves again under grawvity.
u=04%x5gi="a=—g.s=10
Tze
5=t +%a£2
0= 1.4?gﬁ—%gﬁg

, = 2x147¢g

g
=29z
Sothe time 12 2.9 (2.4

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Mechanics 2 Pagel of 3

Solutionbank M2
Edexcel AS and A Level Modular Mathematics

Exercise D, Question 1

Question:

Whenever a numerical value of g is required, take g=98m 5.

Three small smooth spheres A, B and C of equal radius move along the same straight
line on a horizontal plane. Sphere A collides with sphere B and then sphere B collides
with sphere O

The diagrams show the velocities before the first collision, after the first collizion
between A and 5 and then after the collision between B and C

a Find the values ofw, v, x and yif =% for both collisions.

Before collision After 4 and B have collided After £ and O have collided

Szt 1tns? dmg! ums! ving ! 4mg! ums! xme ! p st

—_— | — ] — ] — ] — ] —— | — ] € —_— | @ —

O 1O 1010101010 00O

A(2kg) | B(lkg | ¢(2kg | Ac2kg | Bk | o(2kg) | A2k | Bolkg | (kg

b Find the values of o, v, x and y if & =é for the collision between A and & and # =%

for the collision between & and &
Before collision A fter 4 and B have collided A fter B and O have collided

10ms? 2ms? Ims ! ums ! ving ! Gms ums ! rme yms !

—_— | | — | — —_— | — | — —_— | —

Q. a2 |6 |G |G |G O |16 ||

A(l5kg) |B(2kg) |C(lkg) |A1Skg  |B(lkg  |Colkg)  |A(1Skg)  |B(lkg |C(lkg

Solution:
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First collision (between A and &)
*+— First consider the collision
A B between A and £ and use
N A conservation of linear momentum
\3 k‘.!/ \I_ |'~'1.~‘/, and MNewton's Law of Eestitution
to find « and v. Then repeat the
Before collision = 5ms-l = | ms'| process for the collision between
Eand
After collision - i -y

Tze conservation of linear momentutmn:

2xo+Ixl=2u4+
S 11=2u 4y (1)

TTse Mewton's Law of Restitution:

1 v—u
é:_:
2 5-1
Sov—i :%xdl
v—i =2 (2

Subtract equation (2) from equation (1)

9 =13y
=3
Substitute into equation (1)
=64
v = 5 [Check in equation (2]

Second collision (hetween B and )

B C
N Sy
[1kg) (2 ke
SN 4 ‘\_____/
Before collision = v=5ms"! = 4 ms-]
After collision L -y

TTze conservation of linear momentum:

I+ dwd=1ux+ 22y
13 =x4+2y (3

Tse Newton's Law of Restitution:

e
g=_=

2 54

1

z=y—x @&

Add equations (3) and (4}
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Edexcel AS and A Level Modular Mathematics
Exercise D, Question 2

Question:

Three small smooth spheres A, B and O of equal radius have masses 500 g, 500 g and
1 kg respectively. The spheres move along the same straight line on a horizontal
plane with A following £ which iz following O Initially the velocities of 4, Band O

are dim s —2im s and 0.5im s respectively, where 112 a unit vector in the
direction ASC Sphere A collides with sphere 5 and then sphere B collides with

sphere O The coefficient of restitution between 4 and & 1z % and between 5 and C 1z

;—. Find the wvelocities of the three spheres after all of the collisions have taken place.

Solution:
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Heinemann Solutionbank: Mechanics 2 Page2 of 3

A B c Draw clearly labelled
—~ P i diagrams for each
£ \ e N collizion separately.
(500 ¢ (500 g ((1kg ) F 7
S o A \. / * | Make it clear which
speed refers to which
Before 1st Impact = 4ms-! - 2 m s = (1.5 ms"! P :
particle.
Adfter 1st Impact = m s =y ms! = (L5ms"!

Impact hetween 4 and B
TTzing conservation of linear momentumnm:

059x4—05x2=025405
1=05 405 (1
Tsing MNewton's Law of Restitution:

V—u

y
22_27
3 4—(=2)

2

So—Mb = v—u
3
1ed=v—u (2
Multiply equation (1) by 2 and add to equation ()

Sh=2p
Sov =3

Substitute into equation (2) 4 =3—u and u=—1
[Check i and v 1n equation (17.]

Impact hetween & and

B C
M, Ty
| 500 ¢ | [ 1kg |
I\'\_ // .\\-\._ .--'/r
Before Impact = 3ims! = (1.5 ms!
After Impact =~ ms = vms!

TTzing conservation of linear momentum:

0.5%34+1x0.5 = 0.5x +1y
L 2=05x+y (D)

Using Mewton' s Law of Restitution:

=1_= "y_x
2 3-035

il .
..EXE.S—}: x

L1255 =p—x (2
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Exercise D, Question 3

Question:

Three perfectly elastic particles 4, 5 and O of tasses 32, Sir and 4 respectively lie
at rest on a straight line on a smooth horizontal table with B between A and C. Particle

Ais projected directly towards B with speed 6 m s and after 4 has collided with B,
Bthen collides with O Find the speed of each particle after the second impact.

Solution:

PhysicsAndMathsTutor.com
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A i C
- N o
[ 3m | | 5m | [ 4m |
\& 4 e .-/J b .-/JI
Before 1st Impact = m 5] = (hm 5! = (i m 5]
Atiter 1st Impact = pom s = v m 5!

TTse conservation of linear momentum:

S b4 S0 = 3mu + Do
S1E =3u+v ()

TTze Newton's Law of Restitution:

‘Perfectly elastic’ means
& g=1

h=v—u (2)

Add equation (1) to 3 times equation (23,

36 =8y
36
= §—4.5
: . : SE=4 50—y
Substitute into equation (23
Suw=—135
Second impact:
B C
=) Al
[ Sm | 4m |
h .J/J R ./)l
=4 5ms! = (lms~!
= xm s = ym s

TTze conszervation of inear momentum:

Swerd DA 0 = Simx - dagy
225 =Sx44y (I

Tse Mewton's Law of Restitution:

e=1=2"7
4.5-0
SAL=y—x (2

Add equation (1) to 3 times equation (2)'

545 =9y
Sy =35

substitute into equation (2

PhysicsAndMathsTutor.com
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Solutionbank M2
Edexcel AS and A Level Modular Mathematics

Exercise D, Question 4

Question:

Three identical smooth spheres A, B and O, each of mass #, lie at rest on a straight
line on a smooth horizontal table. Sphere A 15 projected with speed u to strike sphere
B directly. Sphere B then striles sphere O directly. The coefficient of restitution
between any two sphere is e, 22 1.

a Find the speeds in terms of w and ¢ of the spheres after these two collision

b Show that A will catch up with 5 and there will be a further collizion

Solution:
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1 B C
ra .f/.-- \ O,
[ m [ m ) m
L S S L
Before 1st collision = pms] = () m 5! = (I ms~]
Adter 1st collision = m sl = wms!

Tzing conservation of linear momentum:

e = pov 4 e
S =v+w (1)

W=y

&
e =w—v (2

Add (D+(2)

cou(lte) = 2w—>w=%u(]+e}
subtract (1) —{2)
ca(l—e)=2v = v="1u(l—¢)

Consider second collision

B C
ol /7 T\ *—— The second collision here is similar
. ™ J L v to the first. The only difference is
S .
that the mowing sphere has a
Before 2nd collision —= wm s~ =0ms! different velocity. Replacing “u” by
this welocity will give expressions
After 2nd collision = rm sl = ym s~ for velocities of & and C after the
second impact.

By similar reasoning to abowve y=%w(1+e} and x=%w(1—e}
And as w=%u(] +¢&)

y=gu(l+e) and x=Ju(l+e)(1-e)
. The speeds of 4, B and T after the two collisions are
%u(]—e),lu(l +eiil—e) and %u(l +&)* respectively.
b A will catch up with B provided that
u(l—e) > Zu(l+e)(1-¢)

Le provided that 2 =14
since @ =1 thiz condition holds and 4 will catch up with & resulting in a further

PhysicsAndMathsTutor.com
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Exercise D, Question 5

Question:

Three identical spheres A, 5 and O of equal mass #2, and equal radius move along the
same straight line on a horizontal plane. 815 between A and C. 4 and & are moving
towards each other with welocities 4o and 2w respectively while O moves away from
B with velocity 3n.

a  Ifthe coefficient of restitution between any two of the spheres 12 2, show that &

will only collide with Cif 2 = %

b Find the direction of motion of A after collision, if ¢ = %

Solution:

PhysicsAndMathsTutor.com
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A B &
;Jf'_- ""\-\. ..)_,-"- -"‘-\\' lr/__..- -\
[ m J | m | | m |
s A S \\--. g
—= du -— Ju —= 3u

First collision:

1 B
II_./" -.-\\\. __{ T N
Firsi Collision: | m | | m |
b L
Betore Impact = Ay - 2u
After Impact -y -y

a Let velocities of 4 and B be v and w after impact
Tsing conservation of linear momentum:

i i — i 2 = mv - pnw

Jodw =vtw oy
Tzing Mewton's Law of Eestitution:
W=
e ——
dee — (=21
Cobe = w—v (2

Add equations (1) and (2)

2w = Zu 4 bue
Sow=ul143e)

Bwall then collide wath O af

W By
wil4+3e) = 3u
1.e 3 3‘2—}23%
b Subtract (2) from (1)
21— Bre = 2y
Sy = 2u(l-32)

If = >% then v =0, A mowves to the left.

© Pearson Education Ltd 2C
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Exercise D, Question 6

Question:

Two patticles P of mass 2m and O of tmass 3 are moving towards each other with
speeds du and 2u respectively. The direction of motion of (2 15 reversed by the impact
and its speed after impact 12 2. This particle then hits a smooth vertical wall
perpendicular to its direction of motion. The coefficient of restitution between & and

the wall 13 % In the subsequent motion, there 13 a further collision between () and P

Find the speeds of 2 and 2 after this collision

Solution:
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r 0
FN T
(2m) \ im
p ST M

= 4y - 2u
-\ =

The first collision iz between P and & Let the velocity of F after the collision

be v,

Tzing conservation of momentum:

2w du — Jmox Py = 2o 4 Sem

e = 2w + S
AT = —u
) il
LY S—qu
Tzing Newton's Law of Eestitution: - |
H—V
e o 1 m P AL S ol - LI
g — (—2u)
1
_ 15”
fid
=1
4

. coefficient of restitution between P and O 1z :
The second collision is between (& and the wall

{J rebounds from the wall with velocity #'u = %u ;

From the information
given find the coefficient
of restitution between
patticles F and (.

{az 2', the coefficient of restitution between O and the wall, iz %}

The next collision iz between F and O

P Q
I . P
(2m) | 3m
'\\_-_ Py %\ A
: e |
Before the next collision = 5 I -
After this collision -y - x

Taking direction to left as positive: let velocities of & and F after thiz collizion be

x and ¥ respectively.
Tzing conservation of linear momentum +:

EMX%H +3m><§u = 2y + Jemx

o+ Erme = 2y 4 Simx
tefw =2y+3x (1)

Tsing Mewton's Law of Restitution:

PhysicsAndMathsTutor.com
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Exercise D, Question 7

Question:

Tweo small smooth spheres P and O of equal radius have masses 2 and Zm
respectively.

Sphere F iz moving with speed 121 on a smooth horizontal table when it collides
directly with () which iz at rest on the table. The coefficient of restitution between F

B
and (2 1s =
a Find the speeds of P and O immediately after the collision

After the collision (& hits a smooth vertical wall perpendicular to the direction of its
oo,

The coefficient of restitution between ' and the wall iz ;
(' then collides with P a second time.

b Find the speeds of P and  after the second collision between & and (.

Solution:
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P &
7N TN
m | 3m |
Mo L :
Before 1st collision = |2 = ()
After 1st collision - - 1

TTze conservation of linear momentum;

121 = mrv+Spnw

12w =v43w (1)

Tsing Mewton's Law of Restitution

:2: W
Io1m—0
2 o
..§><1h¢—w v
LB =w—v (2)

Add (1) +(2)

Coaly =dw—w=5u

substitute into equation (2);
80 =D —v
Le v=—"u

The speeds of F and (2 after the first collision are 3w m s to the leftand 5w ms™

to the right, respectively.

(O then hits a wall and rebounds with speed dums™'(= ;x Sae)

Let the speeds of P and (0 be zxms™’ and yms™ ! after the second collision

between them.

Second colhision

f 2
7= e
m | 3m
A N
- Y1 mE" -+ i S
T -——3ms

TTse conservation of linear momentuim +:

B Bnd 4 Be o du = i 4 Sy
15w = sax + 3wy
telduw =243y (1)

TTse Mewton's Law of Restitution:
7 =

PhysicsAndMathsTutor.com
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Exercise D, Question 8

Question:

A small smooth table tennis ball, which may be modelled az a particle, falls from rest

at a height 40 cm onto a smooth herizontal plane. The coefficient of restitution
between the ball and the plane 15 0.7,

a Find the height to which the ball rebounds after the first bounce.
b Find the height to which the ball rebounds after the second bounce,
¢ Find the total distance travelled by the ball before it comes to rest.

Solution:

PhysicsAndMathsTutor.com
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a

First stage of motion under grawity:
u=0 a=g=%8, =04, v="1

Tie v =u* 4+ 2as . Then
v =2x98x04

Sy =28
The ball hits the plane with wvelocity 2.8ms™' and rebounds with wvelocity
07x28ms ' ie 1.96ms".

The ball then moves up under gravity to a height &
This time

u=1%,a=—%8, s=hk,v=0.

Tse

vi=u? 4 Zas
0 =196 —2%98xk
P 1.96x1.96

298
=0.1%5

1e it rebounds to a height of 196 cm [=40x 07 x0.7].
After the second bounce the ball rebounds to a height 196 0.7x07 = 9604 cm

The total distance trawvelled 1=

04+42x04x0 7 +2x04x07 4+ , You will need o use

=044+2x04x07(1+072 407 + ) T
3. P to find the

The sum in the bracket 15 an infinite & P. with sum = ! AREWEL

=07

L Total distance = 0.4 403920196
=1.16%m or1.17 m (3s.1)

© Pearson Education Ltd 2C
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Exercise D, Question 9

Question:

A zmall smeocth ball, which may be modelled as a particle, falls from rest at a height

Hoonte a smooth herizental plane. The coefficient of restitution between the ball and
the plane iz 2.

a  Findin tertms of & and 2 the height to which the ball rebounds after the first
bounce.

b Find in terms of H and e the height to which the ball rebounds after the second
bounce.

¢ Find an expression for the total distance travelled by the ball before it comes to
rest.

Solution:
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a

First part of motion 15 under gravity:

u=0c=Ha=gv="

Using v* =u? 4205 — v =2gH

. The ball hits the plane with velocity \2g# .
It rebounds with velocity e,fZg_H.

Then it moves under grawvity to height '
Tsing u=eJ2g_H, se=H' a=—g,v=0 with

v = 4 Das

0 =&*(2gH)—2gH"
L H'=2H .

The ball rebounds to a height &4 .

After the second bounce it rebounds to a height ¢*H . *— You can deduce the
answet to b without
repeating all the wotl

Total distance travelled is: done in a.
H42e'd 428t H +268°H + . * You need to use the sum
=H 428 H(1+e* +e* +..) to infinity of a Geometric
Progression,

— : : , : a
The expression in the bracket 1z a Geometric Progressien. Using & = Tan the
—r

ExEpression = -
1—¢

2
. Total distance travelled is H +22°H x 1 P= H(1+j )
e (1—e)

© Pearson Education Ltd 2C
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Exercise E, Question 1

Question:

A particle 4 of mass 500 g lies at rest on a smo

lar Mathematics

oth horizontal table. & second particle

B of mass 600 g is projected along the table with velocity 6§ ms™ and collides

directly with A
Ifthe collision reduces the speed of B to 1m 5~

a the speed of 4 after the collizsion,

! without changing its direction, find

b the lozs of kinetic energy due to the collizion,

Solution:

Pagel of 1

B A
el o, | Use conservation of
(600 g | (500 ) motnentum
p ..-/J e
Before Impact = Hms! = (lm st
After Impact = | ms! - rms!
a Tlzing conservation of momentum —
D6x6405x0=06x1403xy
S 36—06=1025v
Sy =h
The speed of A after the collision is 6 ms™".
b Total kinetic energy before collizion
= %x 0.6x6° +— Uselossof KE. =
=10.87 EE before impact —E_E. after impact

Total kinetic energy after collision

=%><0.6><12+%><0.5><v2
= 0,349
—igizy

Theloss of KE ={108-93)17
=151

© Pearson Education Ltd 2C
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Exercise E, Question 2

Question:

Two particles A and B of mass #e and 2 respectively mowve toward each other with

speeds & and 2r. If the coefficient of restitution between the spheres is % find the

speeds of A and of B after the collision. Find also, in terms of s and &, the loss of
kinetic energy due to the collizsion

Solution:
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1 B . .
_® | Use conservation of linear
I ™ I . N mementum and Mewton's Law
| m [ 2m ) o
e S e of Restitution to find the
_ velocities after the impact
Before Impact - - 2u
After Impact - -

Let the speeds of 4 and & after the collision be v and w respectively.
Tze conservation of inear momentum —:

i — 2 2u = v+ Zenw
So—3w =v42w gy,
Tze Newton's Law of Restitution:

w—y 3
1—(—2u) 3
.'.w—v=%><3u
Cod = w—w ()

Add equations (1) and (2)

o= = 3w
. 2
e w=——

3

substitute into equation (2)

T

SV=wWw—du=— —.

The speed of A after impact is 7‘3_11 it the direction away from 5.

The speed of B after impact is % towards A

The kinetic energy before impact

_ 1 2,1 A
= g +§><2m( 214)

Q 2
= L
2

The kinetic energy after impact

we’l 1 2
= imvzl +jx2mw

]
_ L[Eu2]+1xgm ut
9 2 9

2
21 4
= —
18
' . _ 251 2
L Theloss of kanetic energy = = L — ol
i i
= i
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Solutionbank M2

Edexcel AS and A Level Modular Mathematics

Exercise E, Question 3

Question:

A particle of mass 3 kg moving with velocity 6 m s~ collides directly with a particle

of mass 5 kg moving in the opposite direction with velocity 2m 57 The particles

coalesce and movwe with velocity v after the collision Find the loss of kinetic energy

due to the impact.

Solution:
P Vailin
3 LI 'l :_\ k_.
. Py e L ——— |
Belore Impact = 6 ms! - 2 ms-1
oo
| 8kg
i
After Impact —

Let the weloctty of the combined particle be v,

TTzing conservation of momentum:

Axb4ox{—d = Bxy
CoE=
Sor=1

i e. the combined particle moves with velocity 1ms™.

The total E.E. before impact = 2x 3x 67 + 2% 5x (—2)*

= 54410
=647

The total E.E. after impact = %XBXV:{

=4x1?
=47

Tse conservation of linear
momentum to find the velocity after
the impact.

. Lozs of kinetic energy due to the impact iz 64 J—4T=60T.

© Pearson Education Ltd 2C
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Solutionbank M2
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Exercise E, Question 4

Question:

A billiard ball of tnass 200 g strikes a stnooth cushion at right angles. Tts velocity

before the impact is 2.5ms™ and the coefficient of restitution is ; Find the loss in

kinetic energy of the billiard ball due to the impact

Solution:
s
[ 200 g |
e
Before Impact =2 5ms! o 4
5
After Impact -y m sl

After impact with the cushion the velocity of the billiard ball is vms™, where

v

2.

= Lh
L2 enl

‘. The loss in kinetic energy is:

%XU.EXE.SQ—%XU.EXT

=0625-04
=022571
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Solutionbank M2
Edexcel AS and A Level Modular Mathematics

Exercise E, Question 5

Question:

A bullet of mass 0.15 kg moving horizontally at 402 m 57 embeds itself in a sandbag

of maze 30 kg, which iz suspended freely. Assuming that the sandbag iz stationary
kefore the impact, find

a the commeon velocity of the bullet and the sandbag,

b the loss of kinetic energy due to the impact.

Solution:
A
o N e T \ .
| 0.15 kg | [ 30kg ) ¥ Tzt conservation of
N Xl momentum to find the
velocity after the impact.
Before Impact = 402 m 5! = (hm s-!
After Impact -y -y

The common velocity after the impact 12 v,
Tsing conservation of linear momentum:

0.15x4024+0=30.15v
015402
B e —

30.15

=2z
. Commeon welocity is 2ms™ L.
b Einetic energy before the impact is %x 0.15x402* =12120.37
Einetic energy after the impact 15 %X 3015 2% =60.37
SoLoss of kineticenergy =12 060T=12.06 kT,

© Pearson Education Ltd 2C
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Solutionbank M2
Edexcel AS and A Level Modular Mathematics
Exercise E, Question 6

Question:

A particle of mass 0.4 kg is moving with velocity (1—4j)m s™ when it receives an
impulse (2314270 s, Find the new velocity of the particle and the change in kinetic
energy of the particle as a result of the impulse.

Solution:

Let the welocity after the impulse be v,

Tasing impulse = change in mom entum -—

Useimpulze = changein momentum .

342) = 0.4v—046—4j)
04y =3 +2j+0.4i—1.6
= 3.4i +0.4]

Sov=854)

. The new velocity of the particle is (8.51+j1ms™ .

The E.E. before the impulse = ljx 0.4x (1 + (-
=347

SX04x (8.5 +1)

=14.651

The E E after theimpulse

. The change in K E 15 an increase of 11.25 1.
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Edexcel AS and A Level Modular Mathematics

Exercise E, Question 7

Question:

A squash ball of mass 0.025 kg is moving with velocity (221+37)m 57 when it hits
a wall.

Tt rebounds with velocity (10i—117) m s~ . Find the change in kinetic energy of the
squash ball.

Solution:

Einetic energy before it hits the wall 13

%X 0.25x%(22° +37=231.625] & mass m kg moving with velocity

(il vy g m s has EE =%m(v12 +V§) T

Einetic energy after rebound 13 %x 0.25x%(10° +({—11*)=27.625]

CoThe lossin EE =2047

© Pearson Education Ltd 2C
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Solutionbank M2
Edexcel AS and A Level Modular Mathematics
Exercise E, Question 8

Question:

A particle of mass 0.2 kg is moving with velocity (51+ 25  m 5™ when it collides

with a particle of mass 0.1 kg moving with velocity (21+10§) m s™'. The two particles
coalesce and form one particle of mass 0.3 kg Find the welocity of the combined
particle and find the loss in kinetic energy as a result of the collision

Solution:

Let the wvelocity of the combined particle be (vi+w,jim s

Using conservation of motmentum: .
*+— TTze conservation of momentum to find

the velocity of the combined particle,

0205+ 2570 +0. 1021 + 1070 = 0.30mi +v, 1)
Equate 1 components:

140.21=023wm
S 12 =005y
=w=4

Equate j components:

5943 =0.3w]
S 6 =03y,
=, =20

.. The required velocity is (41+200 m s™"

The initial EE. = %xo_z(ﬁﬂ +25% -I—%xlj. 1(2* +10%)

=&5+52
=70.27

The B E. after impact = 2 0.3x (4% +20%)

=6247
SThelossin EE =702T—6241
=787

© Pearson Education Ltd 2C
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Exercise E, Question 9

Question:

A bullet 13 fired horizontally from a rifle. The rifle has mass 4.8 kg and the bullet has
mass 20 g The initial speed of the bullet is 400 m s~ Find

a the initial speed with which the rifle recoils,

b the total kinetic energy generated as a result of firing the bullet.

Solution:
aA
prm
/{i/’ ' e
a3 4.8 kg Mg «— Convert the mass of the bullet
into kg for your calculations.

= ()m 5! = (m s
= om s~ = 400 m !

TTze conservation of momentum:

0 =48z +0.02x400
—0.02x= 400
t=-—
4.5

3

o The rifle recoils (moves back) with a speed of %m gL

b The total E E before finng = 0
2
Total E E. after firing =%x4.8><|§| +%x(0.02)x4002

= 6641600
=1606.6]
. E.E generated is 160667

© Pearson Education Ltd 2C
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Edexcel AS and A Level Modular Mathematics
Exercise E, Question 10

Question:

A train of masz 30 tonnes moving with a small velocity Fimpacts upon a number of
stationary carriages each weighing 6 tonnes. The complete train and carriages now

move forward with a wvelocity of ;iff. Find
a the number of stationary carriages,

b the fraction of the original kinetic energy lost in the impact.

Solution:

300 tonnes | 6 M tonnes

— | — (]

(30 + 6.0 tonnes

3

a Let the number of carriages be W

TTzing conservation of momentum;

3
AN =0 =(30 +5N}§ ¥ 4— T.et the mass of the train and

carriages be (304 6 tonnes.
30 = @-F—SDN
8 8
90 3ZON
B 8
SN =3
b Energy before impact = %x 2000007 =15 00057
2
Energy after impact = %(48 000y = [%]
= 93750
S Energy lost = 562507
2
CoPraction of original EE lost = &5{;2
15 0008
=32
8
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Exercise E, Question 11

Question:

A truck of mass 5 tonnes is moving at 1.5m 5™ when it hits a second truck of mass

10 tonnes which is at rest. After the impact the second truck moves at 0.6 m s, Find
the speed of the first truck after the impact and the total loss of kinetic energy due to
the imp act.

Solution:
/__.--—--.\ ”__-_

\ / N

| 5 tonnes | | 10 onnes |

\ ! \ J

N i Na gl
Before Impact = |.5ms"! = ()m 5!
After Impact = v m sl = (L6m 5!

Let the speed of the first truck be vms~", after the impact.

TTze conservation of momentum:

w1 540=5%410x046

Sow=T75-6
=15
Cov =073

. The first truck moves with a speed of 0.3ms™"

The total ELE before impact = lx 500015 =56257

2 +—— Convertthe masses
The total K.E. after impact = 2x 5000 0.3° +2x10 000x 0.6 of the trucks into kg
to calculate the . E.
= 20251 1in Joules.

. The loss of K. E. due to the impact = 36007
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PhysicsAndMathsTutor.com

Pagel of 1



Heinemann Solutionbank: Mechanics 2

Solutionbank M2
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Exercise E, Question 12

Question:

A patrticle of mazz # moves in a straight line with velocity v when it explodes into
two parts, one of mass %m and the other of mass %m both moving in the same
direction as before.

If'the explosion increases the energy of the system by %muz . where z 15 a positive
constant, find the velocities of the particles immediately after the explosion. Give
your answers i terms of w and v,

Solution:

Before Explosion: m )

e s r’-.l B ¥ A
Adter Explosion: { =m) | m
kY * / ;

Let the veloctties of the l—m mass and the Em mass be x and ¥ respectively.

3 3
TTze conservation of momentum:

*+—— TJze conservation of momentum, and

energy equation to give simultaneous
eruations—one linear and one
Sxtdy=3 () cuadratic.

1 2
B = imx—i-?my

The energy of the system 15 increased by %mug.

1

. 1 1 2 _ 11 )g 12);
,,jmv +Emu —j(imx +j §my

R G S v +gu2 2)

From equation (1), x=2v—2y
Substitute into equation (2)
S G2y + 27 =% —i—%uz

O 10y R = Tt +%u2

By —12uy 6V = S

Ia] = b

.'.y2 —2vy+v2 =_g°
2
(y—v)z = (ﬂ:%u)

a =v:|:%u
Substitute back into (1) . x=vFu
But x=y . x=v—u and y=v+%u

© Pearson Education Ltd 2C
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Exercise E, Question 13

Question:

A small smooth sphere A of mass 2 kg moves at 4m s~ on a smooth horizontal table.

It collides directly with a zecond equal-sized smooth sphere 8 of mass 3 kg, which is
moving away from A4 in the same direction at a speed of 1m 5. Ifthe loss of kinetic
energy due to the collision 15 3 T find the speeds and the directions of the two spheres
after the collision

Solution:

PhysicsAndMathsTutor.com
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A B
5§ N
[ 2kg Jkg
Ne "
= 4 ms! = | ms]
= vms-! - yms!

Tse conservation of momentum:

-

Dxd+3x1=2x43y
S 2x43y =11 (1)

Tse conservation of momentum and a
change in energy equation to give
simultaneous equations — one linear and
one gquadratic.

The energy before the collision = ljx 2w 4 +%><3>< 1
=175]1

The energy after collision = lj}( o —l—%xiyz

= x* +1.5)°

Asthelossof EE =37
41572 =145 (2

Fromi{l) = L

: M_H.jyﬂ s

Ldultiply by 4

1557 —66y+121 =58
5P —22y+421=0

S y—=Tiy—3) =0
S¥=3or %
substitute value of v into equation (1)
Sr=lor x=34.

But x<y . x=1land yv=3

. The 2 kg mass moves with speed 1m:™" and the 2 kg mass moves with speed

-1
3mes

— substitute into equation (23,

They both move in the same direction as before the impact

© Pearson Education Ltd 2C
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Exercise E, Question 14

Question:

Two particles, A and B, of masses 2 kg and 5 kg respectively, are connected by a light
inextensible string. The particles are side by side on a smooth floor and A is projected

with speed 7m 57 directly away from B When the string becomes taut particle B is

jetked into motion and A and & then move with a comimon speed in the direction of
the original velocity of A, Find

a the common speed of the particles after the string becomes taut,

b the loss of total kinetic energy due to the jerlc

Solution:
B A
TN P
| 5kg :l-z\.nf\.nn.-'\.fl 2 kg
"\,_ - A ., s s
= (im st = Tms!
i {
— £
=y m st =yms!
a TUsing conservation of momentum —: *+— TTse conservation of
momentum to find the
2x] = 2v4ov cominaon speed after the
=7y string becomes taut.
Sov=2
h E.E before the jerk=1§><2><?2 =497
K E. after the jerk = 2x 50! 42 x 20
T 2
= i><2
=147

o Loss of ELE. due to the jerk =147

© Pearson Education Ltd 2C
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Edexcel AS and A Level Modular Mathematics

Exercise E, Question 15

Question:

Two particles, 4 and B, of masses s and Mrespectively, are connected by a light
inextensible string. The particles are side by side on a smooth floor and A 1z projected
with speed & directly away from & When the string becomes taut particle 5 1z jerked
into motion and A and B then move with a commeon speed in the direction of the
original velocity of A

Find the common speed of the particles after the string becomes taut, and show that
2

S o M
the loss of total kinetic energy due to the jerk 15 ————
20+ M)
Solution:
=tring slaclk:
(MIrmrnAM)
After string becomes taut: n
; “lfj -j:-.lu::
Let the speed after the string = =
hecomes taut be v, : :
TTze conservation of momentum —:
o = My 4 e
e = v 4 )
v = +—Thisis the common speed required.
M+

Energy before the jerk = — pa®

— b

Energy after the jerk = jM’v2 +1§mv2

mr

1
= (M +m)[M+m

21
2 1 WU

30

e ]
M+

=

. Loss of energy = %mu

e | 2
= g

M+

2

" 20t )

as required
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Exercise E, Question 16

Question:

Two particles of masses kg and 5 kg lie on a smooth table and are connected by a
slack inextensible string. The first patticle is projected along the table with a velocity
of 20m 57 directly away from the second particle.

a Find the velocity of each particle after the string has become taut

b Find the difference between the kinetic energies of the system when the string is
slack and when it iz taut.

The second particle iz attached to a third particle of unknown mass by another slack

string, and the velocity of the whole systern after both strings have become taut is
1

bms
¢ Find the mass of the third particle.

Solution:
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a =tring slack:

P i
(5 kg s,  [3ke)
s, e

= () m 5! = Mim 5!

S b
:'J:: ké‘, ] :I/I ké‘, ]
M L

After string becomes taut; iy -y

Let the speed after the string becomes taut be v,

Tsing conservation of momentum —: -

Consider conservation of
momentum before and after
first string becomes taut.

3w 20 = Sp4-3v
CoBv =460
cy=2
B
=75

ie. the common velocity is 7.5m s>

b Difference in K.E. = %xExZOg = %xﬁx?.ﬁz +%><3><7.52

= 600 —[225]
= 3757

¢ =econd string slack

e B N
(mkg pom~o~~A Skg ——{ 3 kg )

A oo s L

— 7.5ms"!

Iy

— 7.5ms"!

) -.\" -'/-— . -\\ / \-.

| kg | (| Ske ) { 3kg |

e AR bR
= 6ms! = 6Hm s = Hms!

After second string
kecotmes taut

Let mass of third particle be s kg

Tze conservation of momentum:

Sx 754 3xT75=6m+ox6+3x6

TTze conservation of
momentum again before and
after second string becomes
taut.

60 =6m+48
Sobm =12
=2

The mass of the third particle 15 2 kg

© Pearson Education Ltd 2C
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Exercise E, Question 17

Question:

Three stall spheres of masz 20 g, 40 g and &0 g respectively lie in order in a straight
line on a large smooth table. The distance between adjacent spheres 12 10 cm. Two
slack strings, each 70 cm in length, connect the first sphere with the second, and the

second sphere with the third. The 60 g sphere is projected with a speed of Sms™,
directly away from the other two.

a Find the time which elapses before the 20 g sphere begins to move and the speed
with which it starts.

b Find the loss in kinetic energy resulting from the two jerks.

Solution:
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P Y r’-’-_-.\-. .-_-"‘.
| :|'|._: | e | T e i I
T A

= S5ms!

Stage 1: 60g particle moves 60 cmat 5m s™' *| The particles are 10 cm apart. The
strings are each 70 cm long

This takes time £, =0.6—=5=0.12 So the particle moves 60 cm at
constant speed before the string
becomes taut.

stage 2040 g mass is jerked into motion,

o % S
(20 g fomom~~A{ 40g ) (60 )
'\.\ /,- 4, N,

- - i SO

Lol Lol
Let speed after jerk be v,

Tse conservation of momentum.

SBxS5=40xv+60xv
200 =100y
e =3

Stage 3: 60 g and 40 g particle move 60 cmat 3ms™"
This takes time £, =06+3=02s

stage 4 20 g mass is jerked into motion,

_-f’h. N p ~ -y

(20 g | i 40) 5;}: \ 6 g |

N b o
Ll 1 Ll 1 Ll !

Let speed after jerk be w.
Tze conservation of momentum.

S0 3440x 3 = 20w+ 40w + 60w
200 = 120w
SWw=25
1

Le. after atime £, +£,=032s the 20 g mass moves with a velocity 25ms™ .

b Final X.E. :%x 0.02w2+%x 0. 04w +1§x0.05w2

= 0.06w"
=0.375]

Tnitisl B-Ev= %x 0.06% 52

=07751
S Lossin EE =075T-03757
=03753]
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Exercise F, Question 1

Question:

A cricketball of mass 0.3 kg is struck by abat Immediately before being struck the
velocity of the ball is —2% m s, Immediately after being struck the velocity of the

ballis (2314 20)) m s~ . Find the magnitude of the impulse exerted on the ball by the
bat and the angle between the impulse and the direction of 1

Solution:

Impulse = change in momentum
= 0525 4+ 207) — 0.5(—251)
= (241 +103) Mz

. Magnitude of the impulse

Angle between the impulse and the direction i
15 awhere

tan o = il
24

Coee =23 (nearest degree)

© Pearson Education Ltd 2C
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Exercise F, Question 2

Question:

A ball of mass 0.2 kg is hit by a bat which gives it an impulse of (2 414+ 3630 Nz

The velocity of the ball immediately after being hit is (121+5))m s~ . Find the
velocity of the ball immediately before it iz hit

Solution:

Let velocity before being hit be ums™'. *+— TIze impulse = change in

ot entutn.

impulse = change in mom entum
S2A436)=02(144 ) —02u
S02n =24i+j-24i -5
=—26]
u=-13

The welocity of the ball immediately before it is hitis —13jms™.

© Pearson Education Ltd 2C
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Exercise F, Question 3

Question:

A particle P of mass 0.3 kg is moving 2o that itz position vector 1 metres at time ¢
seconds i3 given by

=0 401+ (118
a  Calculate the speed of Pwhen 1 =4
When £ =4, the particle 15 given an impulse {24436 Ms.

b Find the welocity of F immediately after the impulse.

Solution:

a r=({F+E+ai+114

cov =E =68+ 2+ A+ <+—— Differentiate displacement
wector to give the velocity
When t=4,v={601+1Y wector.
the magnitude of v = -f60° +11°
=6l

. The speed when ¢=4 is §1ms™".
b Let the velocity immediately after the impulse be Vms™'

Then as impulse = change in m omentum

.'. 2‘4i+36j = 031."—03(6[:& +11j:| ] USE impulse = Cha_nge in

S03V =24i+5 6+ 16+ 35 IO ettt
=204i46 %
SV =6Bi423

-, velocity after the impulee is (81 +23)ms".
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Exercise F, Question 4

Question:

Tweo identical spheres, moving in opposite directions, collide directly. As a result of
the impact one of the spheres iz brought to rest. The coefficient of restitution between

the spheres iz % =Show that the ratio of the speeds of the spheres before the impact is
2

Solution:
N Fie
m | | = e 1
e A , S g = 3
Before Impact =y - [
Adter Impawct = i} -

Let the spheres each have mass # and let their speeds before the impact be
yms " and vme ' (towards each other).

Let the speeds after impact be 0 and wms™.

Using conservation of momentum —: % Let the speeds before impact be «
and v and after impact be 0 and »w,

ML — BV = B then use conservation of
. momentum and the restitution
tew—v=w (I :

equation.

Tsing Mewton's Law of Eestitution:

g b w—10
3 u—(-v)
St =3w (2)

Add D+ (2

Co2u =dw— = 2w

Substitute inte (1)

V=W

., The ratio of the speeds before impact 15 w:v=2w w=2:1 as required.
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Exercise F, Question 5

Question:

A particle P of mass #2 15 mowing in a straight line with speed %u at the instant when

it collides directly with a patticle O of mass Ape, which is at rest. The coefficient of

restitution between P and (15 alT Ciiven that M comes to rest immediately after hitting

¢ find the value of A,

Solution:
P )
® ® -
Before Impact - _]1 H - 0
After Impact = =y

Let the welocity of (2 after impact be v

Tse conservation of linear momentum:

mx%u—I—D = 0+ Ay

) _ 1
oA =34 i1y

Tse Mewton's Law of Restitution:

1 v=0
B= =y

7Y
o1
SV S i ()

sSolving equations (1) and (2) A =4
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Exercise F, Question 6

Question:

A boy of mass e dives off a boat of mass M which was previously at rest.
Immediately after diving off, the bov has a horizontal speed of 7 Calculate the speed
with which the boat beging to move. Prove that the total kinetic energy of the boy and

 mlm+ MO
the boat 13 ¥
20
Solution:
Before Jump i m+M __::'
= (m s
After Jump :'/-.h‘-\I :" .ur
M L
= - |

Let the boat mowve with velocity u.

Using conservation of linear momentum.  +——— TTee conservation of linear

meomentum to find the
M +ml =10 velocity of the boat.

el
= Y3 {IMote that the boat mowes 1n the

opposite direction to the boy)
Total ELE ofboy and boat

=L 2 +1M[—M+VT
2 2 A

MV

B DM

(MO

. as required

20
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Exercise F, Question 7

Question:

Two spheres P and O of equal radius and masses 4 kg and 2 kg respectively are
travelling towards each other along a straight line on a smooth horizontal surface.
Tnitially, P has a speed of 5m s and (J has a speed of 3m s After the collision the

direction of Q is reversed and it is travelling at a speed of 2m 5™ Find the speed of P
after the collision and the lozz of kinetic energy due to the collizion,

Solution:
P 1)
7T R,
[ 4kg | | 2kg |
Yot SN A
Before collision: = 5m ! - ims!
After collision: =y m sl =2 msl

Tse conservation of inear momentum:

duwih—dwi=dpt 2wl . TTze conservation of linear
dv =10 momentum to find the speed
it of P after the collision.

Cv=25ms"

The total K.E. before collision = 2x4x 5 +2x2x(=3)°

=50+5
=587

The total E.E. after collision = %x4><2.52 +l2>< 2% 22

=125+4
=1651

;' Losz of E.E due to the collision 15425 T,
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Exercise F, Question 8

Question:

A body P of mass 4 kg is moving with velocity (21+16)) m s~ when it collides with
abody O of mass 3 kg moving with velocity (—1—8) m s}, Immediately after the

collision the velocity of P is (—41—32)1m s, Find the velocity of  immediately
after the collision.

Solution:

Let the velocity of (2 after the collisionbe vms™".

TTze conszervation of momentum: *— Tlee conservation of momentum.

A(21 +16§)+3(—i— 8j) = 4(—4i—32§) +3v
5440 = —16i— 128§+ 3v
3w = 21+ 168
v = Ti+ 56]
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Exercise F, Question 9

Question:

A particle P of mass 3m 15 moving in a straight line with speed & at the instant when it
collides directly with a particle O of mass s which 1z at rest. The coefficient of
restitution between P and iz 2,

Hi3—g)

a  =how that after the collision & 15 movwing with speed

3t (1-2%)
: :

¢ Findin terms of #2, 2 and 2 the impulze exerted on @ by P in the collision

b Show that the loss of kinetic energy due to the collision is

Solution:
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Before impact -
Aller impact

Let the weloctties of P and () be v and w respectively, after the impact.
TTze conservation of momentum:

3pas +0 = Zprv + o

S tw =3 (1)
TTse Hewton's Law of Restitution:
W—y

w—0
SoW—v =eu (2)

g =

subtract (10— (2)

Sy =G —eun
w(i—g)
v o
4
substitute into equation (27 to give

uis—e)

w=gu+

w=%ﬂ+ﬂ
b Lossof EE

= %X Zpagy —%X oy —%mwz +— Find the welocity of (0 as well as the
welocity of P so that you can

calculate the total kinetic energy.

T w3 2 2
_ ¥ (2—a) _gH (142)
16 16

%m‘pa—@—ﬁe+e%—(}+@+aﬁﬂ

]

H—4£]

Spad
3

2
(1—2")
¢ Impulse exerted on ! 13 change of momentum of {4

- Zpnl14-2) Me
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Exercise F, Question 10
Question:

Two spheres of mass 70 g and 100 g are moving along a straight line towards each
other with velocities 4 m 5™ and 8m s respectively. Their coefficient of restitution

15 % Find thewr velocities after impact and the amount of kinetic energy lost in the

collision.
Solution:
N S
(70¢ ) (100¢)
N A
Beftore Impact: =4 ms! = 8 ms!
After Impact: —= vy ms! —= vy m s

Let the velocities after impactbe wms™" and v, ms™"

TTsing conservation of momentum:

0.07xd4+01x(—8) =007 +0.1v, *+—— e conservation of momenturm
S 10 = =52 (D) and Mewton's Law of Eestitution to
find the velocities after the impact.

Using Mewtot's Law of Eestitution:

12 4—(-8)
Sy —w =5 (2

=olving equation (1) and (2)

w=—b6andw =—1

So the velocities after impact are §ms™ and 1ms™ in the direction of the 100 g
mass prior to the impact.

Loss of E B

= Loorxa +5%0.1x(~8)" —[%x 0,07 (—6)" + 5% 0.1x (1)

7
= [0.56 +3.2]— [1.26 +0.05]
2457
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Exercise F, Question 11

Question:

A mass of 2 kg moving at 35m s~} catches up and collides with a mass of 10 kg

moving in the same direction at 20 m 5. Five seconds after the impact the 10 kg

mass encounters a fized barrier which reduces it to rest Assuming the coefficient of

restitution between the masses 15 % find the further time that will elapse before the
2 kg mass strikes the 10 kg mass again.

Tou may assume that the masses are mowving on a smooth surface and have constant
velocity between collisions,

Solution:
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gy s
[ 2kg ) | 10 ke |
t\... ._.-’f \"-\__ ] /
Before Impact: = 35 ms! = 20ms!
After Impact: —=y;m s —= vy m 57!

Tsing conservation of momentum —:

235410 20 = 2y +10w,
Sy 10w, = 270
orw +5, =135 (1)

Using Mewton's Law of Restitution:

5 35— 20
Sv—w = 9 (2)

Add equations (114 (2)

v, =144
Sy =24

Substitute into (1) v =15

Five zeconds after the impact the 10 kg mass has moved a distance
24x5=120m .

Tt takes the 2 kg mass a time of % to travel 120 m, ie. 8 seconds

. The further time required =85—55=35 ¢« A fter the impact, assume that the

patticles move at constant speed
and use speed time = distance .
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Exercise F, Question 12

Question:

Three balls A, B and O of masses 4o, 3 and 3w, respectively and of equal radius lie
at rest on a smooth horizontal table with their centres in a straight line. Theiwr

coefficient of restitution is % Show that if 4 is projected towards & with speed 7
1

there are three impacts and the final velocities are ;—EV,4

¥ oand %I»’ respectively.

Solution:
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A B c
e B
| 4m | \ im | ( Im | p
e o S A e
Before |st Impact -V -0 )
After 1st Impact -X - -0
Eselcor_lservanon PRmemcIii +— First consider impact of A with B,
OERSHIsRACH then of B with O, then of A with B
agait.

dpal” = dp X + Sm ¥

S AKX 43 =4 (D
Tee Mewton's Law of Restitution for 1st impact:

3._¥r=%
5 ¥
X =3Y (@

Solve (1 and (2) to give ¥ =1, X=%V.

& T S P
4m | { 3m | | 3m )
A S e ot
Before 2nd Impact - Il V = =)
After 2Znd Impact - V - 7 - W

Tse conservation of momentum for impact between £ and

3ml =3mE 4 Sl
LEZFHW = (3

Tse Newtot's Law of Eestitution for this impact:

s W—2Z
FS
.-.W—z=§rf (4)

Solve (3) and (@) to give W =1V, Z=2V

s D FER

| 4m | | 3w | 3m |

N Rk g e
Before Srd Impact - -:I. ! - l v - : v
After 3rd Impact — — — ) V

TTze conservation of momentum for 3rd impact between A and 5.

4m><%fr’+3m><é—f7= dond + B

L AA+38 :%V (5)

PhysicsAndMathsTutor.com

Page2 of 3



Heinemann Solutionbank: Mechanics 2 Page3 of 3

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Mechanics 2

Solutionbank M2
Edexcel AS and A Level Modular Mathematics

Exercise F, Question 13

Question:

A bullet of mass 60 g is fired horizontally at a fized vertical metal barrier. The bullet
hits the barrier when it is travelling at 600 m s~ and then rebounds.

a  Find the kinetic energy lost at the impact if =04,

b Give one possible form of energy into which the lost kinetic energy has been
transformed.

Solution:

a Velocity of bullet after hitting the barrier

= §00%0.4
=240ms™!

Einetic energy lost

= ljx 0.06 x 600° —%x0.06x2402

=8072 M
b Eiiher heat or sound.
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Exercise F, Question 14

Question:

A particle A of mases 4 moving with speed i on a horizontal plane striles directly a
patticle B of tass Spe which is at rest on the plane. The coefficient of restitution
between 4 and Biz e

a Find, in terms of ¢ and &, the speeds of A and B immediately after the collision.
b Given that the magnitude of the impulse exerted by A on 5 15 2iene show that

EE':E.

Solution:
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a Let the speeds after the collision be x and »
TTze conservation of momentum:

domre + 0 = dsmax + Sy
SAx 3y =4u (D

Tse Mewton's Law of Restitution:

Sy—x=eu (2)

Add (1) +4x(2)

= Ty = du 4 deus

~y=qu(l+e)

substitute into (27

R g ;u(1+e}—eu

_ fu Gue
TEE TR
x=(4=3e)
b Impulse = changein momentum of &
S 2mm = 3mx ;H(l-i-é':' *+— Use impulse = change in
e momentum of particle 5.
12
—_—
i
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Exercise F, Question 15

Question:

A ball of mass m moving with speed &7 on a smooth table hits ancther ball of mass
Am moving with speed I travelling in the same direction on the table. The impact

reduces the first ball to rest. Show that the coefficient of restitution 1= ;""k and that

A must be greater than % and & must be greater than 2.

Solution:
A B
o, Pl
| m ) Am )
* , L
= LV = |

Let the speed of the second ball, after impact, be X

Tse conservation of momentum:

il + Al = AmX
_ A+
A
Tse Newton's Law of Eestitution:

4

Let ¢ = coefficient of restitution

Then e = ]
-

Substituting the value for X given in =

= A+
A=
A+k
e:
Alke—1)
Az 21 o |
-1
CA+E=dk—dlasd=0andk = 1)
c2l4+k < Ak T 5 ;
t t: =1t
Ae—2) = & *— TIze the condition & )

prove the inequalities.

Lsk=0and A=0 k=2

k
% =
s =
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Exercise F, Question 16

Question:

A ball 15 dropped from zero velocity and after falling for 1 5 under gravity meets

another equal ball which is moving upwards at 7 m s

a Taking the value of g as 9.8m 7, calculate the velocity of each ball after the
impact, given that the coefficient of restitution 1z 21_1

b Find the percentage loss in kinetic energy due to the impact, giving your answer
to 2 significant figures.

Solution:
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a Find the velocity of the first ball before impact:

p=01t=1a=98v»="1 *+—| TTze constant acceleration
formulae to find the
Teev =5 4ai velocity of the first ball
Then v = 9.8 priotr to the impact.
Before Impact After Impact
1 98ms| B ms!
1
= 1
LTy =
I 1 4
Tms! vams)

Let mass of each ball be w2

TTze conservation of momentum:

9 Bem— e = pnv vy
Sty =28 (D)

TTze Newton's Law of Restitution:

1 Ya—W

3" 9.8— (T

X168 =v,—

Lew,—w =42 (2
Add (D +(2)

Sy =7
Lew,=35

Substitute in (1)
o =—07

Both balls change directions, the first moves up with speed 0.7 ms™" and the

second moves down with speed 3.5ms™".

b
E E beforeimpact = %mx 9.8 +%m><?2
=7T252m ]
K E.after impact = 7mx 0.7° +2mx3.5
=63Tm]
S loszin EE. =M = 91.2%.
72.52

= 91% (25 .£)
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Exercise F, Question 17

Question:

A particle falls from a height 8 m onto a fized horizontal plane. The coefficient of

restitution between the particle and the plane iz 41—1
Find the height to which the particle rises after impact.

b Find the time the particle talees from leawving the plane after impact to reach the
plane again,

¢ What 15 the velocity of the particle after the second rebound?

Tou may leave your answers in terms of g.

Solution:

PhysicsAndMathsTutor.com
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a Stage one: Particle falls under gravity |

u=0sg=8a=gv="

TTze
v =5 4 2as
spte= 16w

stage two: Furst impact:
The particle rebounds with velocity % 1&g .
stage three: Particle moves under gravity T

u=% g, v=0s=1t=Ta=—g
Tze
v =u? 4+ 2as
1

S0= E>c:16§—2,g’:5

Se=05m
b Alzo use
v = al

o1 _
"U_H l6g — gt
ot =%=0.319

o The time taken to reach the plane again

= 20319

2
=063%sor_s
Je

Tse constant acceleration
formulae for the motion
under gravity.

1.e. the height to which particle rizes 15 0.5 m.

¢ The particle returns to the plane with velocity % 1&g .

stage four: Second impact

The welocity after the second rebound from the plane iz %x% lég =}1‘f§ ms L.
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Exercise F, Question 18

Question:

A particle falls from a height & onto a fized horizontal plane. If 2 12 the coefficient of
restitution between the particle and the plane, show that the total time talen before

. . .1+ ok
the particle finishes bouncing is Sk O e

1-# £

Solution:
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Stage one: Particle falls under gravity |

u=0g=ka=gi=%v="
TTse

v = 4 Das

SV =2gh
' Particle hits plane with velocity Jfigh .
Tse
1 2
&= ut+-ai
2
TR SN
Soh= - &t
P = 3 ;
Sy = J% *— This iz the time to the first bounce.

Stage two: Particle rebounds from plane.

The particle rebounds with velocity e f2gh

Stage three: Particle mowes under gravity until it hits the plane again T:

u=e.,||'2g}z,s= Da=—gt=7v="
TTze

g =n£+%a:2

S 0=e 2g§e£—%g§2

‘= Zeal2gh

g

Sty =g f% *+—— This is time from first to zecond bounce.
g

and v = —a.figh

3

Thiz 15 velocity before second impact.

Stage four: Particle rebounds (again) from plane. Tt rebounds with velocity

By similar working vou find that 2, = 2.;9:4@ and z, = 223E,... [Times between

successive impacts form a GP ]

., Total time taken by the particle 1s:

ﬁ+2gﬁ+zezﬁ+2e3‘j§+_.
E 14 £ E

The times between
successive impacts form
a geEomEtric progression.

=E+2‘E(e+éj +e° +)
£ £

The expression in the bracket isa GP. with a =2 *+—

73 [

and r =g Itis an infinite GP. and 5 =1— =—

—r l—e
fﬁf e ]

PhysicsAndMathsTutor.com
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Exercise F, Question 19

Question:

A sphere P of mase e lies on a smooth table between a sphere O of mass & and a
fized vertical plane. Sphere P iz projected towards sphere (0 The coefficient of

restitution between the two spheres 1s % Criwen that sphere P 15 reduced to rest by the

second itnpact with sphere (0 find the coefficient of restitution between sphere F and
the fized vertical plane.

Solution:
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P 0
./,.-- - --.,\\ .:I/_..-- - --..\_\\'
Lomo \ B | € Letinitial velocity of & be 7 and
b SR 4 Mg ;
use conservation of momentum
Before |st Impact -V and Newton's Law of Eestitution
to find velocities of F and & after
After 1st Impact - X -V impact.

Let initial speed of F be ¥ and let speeds of P and & be X and ¥ after the 1st
impact.

Tsze conservation of momentum:

comtr = mK +EmY
e ¥ +8¥ = N

Tse Hewton's Law of Restitution:

g0 W=
A
Y=X=11 @

Add equations (1) and (2)

: _ 15
..9}’—?1?'
: 5
1.E.Y—ﬂff

substitute into (2)

N 25

¥4 ﬂ{; ?V
2
__EV

F then hits the vertical plane with speed %V <— Then consider impact of 7
with the wertical plane to find

. 2
and rebounds with speed §€V. new welotity of B

2nd impact between F and O

P o
ol®
Before 2nd impact —= ?; eV e -_:': ¥
After 2nd impact —— 0 — W

After the 2nd impact between P and ' let the velocity of O be W and the velocity
of Pbe 0.

Tse conzervation of momentum:

2 S
mX§EV+8m><ﬂV = Bm ¥
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