Heinemann Solutionbank: Mechanics 1 Pagel of 1

Solutionbank M1

Edexcel AS and A Level Modular Mathematics

Dynamics of a particlemoving in a straight line
Exercise A, Question 1

Question:
Remember thag should be taken as 9.8 nT$.

Find the weight in newtons of a particle of mass -

Solution:
W=m g=4x9.8=39.2
The weight of the patrticle is 39.2
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Dynamics of a particlemoving in a straight line
Exercise A, Question 2

Question:

Find the mass of a particle whose weight is 4¢

Solution:

W=m g so 490 =mx 9.8

490
= = — =
m o8 50

The mass of the particle is 50
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Dynamics of a particlemoving in a straight line
Exercise A, Question 3

Question:

The weight of an astronaut on the Earth is 686 N. The acceleration due to gravity on the Moon is approximately 1.6 m
s~ 2. Find the weight of the astronaut when he is on the \

Solution:

WeARTH =™ 9eARTH
so, 686 =mx 9.8

=>m =70 i.e. the mass of the astronaut is 70 kg

Wmoon =™ Gvoon
=70x1.6
=112

The weight of the astronaut on the Moon is 11
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Dynamics of a particlemoving in a straight line
Exercise A, Question 4

Question:

Find the force required to accelerate a 1.2 kg mass ata 3.5ms~2

Solution:

F =m a
=1.2x35
=4.2

So the force required is 4.2
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Dynamics of a particlemoving in a straight line
Exercise A, Question 5

Question:

Find the acceleration when a particle of mass 400 kg is acted on by a resultant force

Solution:

F =ma
120 = 400a
a =0.3

The acceleration i0.2 m <~ 2
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Dynamics of a particlemoving in a straight line
Exercise A, Question 6

Question:

An object moving on a rough surface experiences a constant frictional force of 30 N which decelerates it at a rate of
1.2m ¢~ 2 Find the mass of the obje

Solution:
F =m a
30 =1.2m
m =25

The mass of the object is 25
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Exercise A, Question 7

Question:

In each of the following scenarios, the forces acting on the body cause it to accelerate as shown. Find the magnitude of
the unknown forceP andQ.

a b C
S P 10N 6ms?
# —»
] 2
SmS,'T 2kg Emsi 4kg
l 4iN€—— 5kg —>P
v
2gN 4gN
v
S5gN
Solution:
a
R(1), P-29=2x3 |Always resolve in the direction of the acceleratjon.
P =25.6

The magnitude dP is 25.6 N.

b

R(l ), 49+ 10-P =4 x 2
49.2 -P =8

P =41.2

The magnitude o is 41.2 N.

c

R(— ), P-4 =5x%x6

P = 34

The magnitude oP is 34 N.

R(1), Q-5g=5x0 No acceleration verticallﬂ'.
Q = 49

The magnitude of is 49 N.
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Exercise A, Question 8

Question:

In each of the following situations, the forces acting on the body cause it to accelerate as shown. In each case find the
mass of the bodym.

a b C
10N 20N 10N 8N

Sms "i m 2 ms .T i 0.5 ms zi i
v v l

mg N mgN mg N

Solution:

a
R(] ), mg-10 =mx5

9.8m- 10 =5m
4.8m =10
m =21 (2s.f.)

The mass of the body is 2.1 kg (2 s.f.).

b

R(1T), 20-m g =mx2

20 - 9.8m =2m

20 =11.8m

m =17 (2s.f.)

The mass of the body is 1.7 kg (2 s.f.).

Cc

R(| ), mg+8-10=mx0.5
9.8m- 2 =0.5m

9.3m =2

m =0.22 (2s.f.)

The mass of the body is 0.22 kg (2 ¢
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Dynamics of a particlemoving in a straight line
Exercise A, Question 9

Question:

In each of the following situations, the forces acting on the body cause it to accelerate as shown with raagnitude
s~ 2. In each case find the valueaf

a b C
BN 100N 30N 20N
'y 'y A &
a i 2kg a T 8kg a T 4kg
v v v
2gN 8z N 4gN
Solution:

a
R(| ), 20-8 =2a

196 -8 =2a
11.6 =2a
5.8 =a

The acceleration of the body is 5.8 m%

b
R(1), 100 - 8g = 8a
100 - 78.4 = 8a
21.6 = 8a
2.7 —a

The acceleration of the body is 2.7 m%

C
R(1), 30+20-4g=4a

50 - 39.2 =4a
10.8 = 4a
2.7 =a

The acceleration of the body2.7 m =2,
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Dynamics of a particlemoving in a straight line
Exercise A, Question 10

Question:
The diagram shows a block of mass 4 kg being lowered vertically by a rope.

a
T
'

4kg

v
4o
Find the tension in the rope when the block is loweredth an acceleration of 2 m™Z, b at a constant speed of 4 m

s 1
c with a deceleration (0.5 m <~ 2.

Solution:
a
R(| ), 49-T =4x%x 2 r
39.2-T =8
T =31.2
4 kg ‘ 2
l v
4g
The tension in the rope is 31.2 N.
b
R(CL) ., 4g-T =4x0 Constant speed> zero acceleratio”u.
39.2 =T
-
4 kg ‘ 0
v

4g
The tension in the rope is 39.2
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c
R(J]),40-T =4x%x -0.5
39.2-T = -2
T =41.2

The tension in the rope is 41.2
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Dynamics of a particlemoving in a straight line
Exercise B, Question 1

Question:

A ball of mass 200 g is attached to the upper end of a vertical light rod. Find the thrust in the rod when it raises the ball
vertically with an acceleration 1.5m s~ 2

Solution:
R T

T-1.96 =0.3

=226=223 .
T (2sf.) @

The thrust in the rod is 2.3 N (2 s.f.).

1.5

—_—

Y
02g
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Dynamics of a particlemoving in a straight line
Exercise B, Question 2

Question:

A small pebble of mass 50 g is dropped into a pond and falls vertically through it with an acceleration of 2.8 m s
Assuming that the water produces a constant resistance, find its may

Solution:
R(/| ) ,0050-R =0.05x%28 R
R =0.35

The resistance of the water is 0.35 N.

@ | 2.5
Y

0.05g
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Dynamics of a particle movingin a straight line
Exercise B, Question 3

Question:

A lift of mass 500 kg is lowered or raised by means of a metal cable attached to its top. The lift contains passengers whose
total mass is 300 kg. The lift starts from rest and accelerates at a constant rate, reaching a speedaite meving a

distance of 5 m. Find

a the acceleration of the lift,

b the tension in the cable if the lift is moving vertically downwards,

c the tension in the cable if the lift is moving vertically upwe

Solution:

au=0,v=3,s=5,a="?

v =u?+2as

32 =0?+2ax5
9 =10a
a =0.9
The acceleration of the lift is 0.9 nT €.
b
R(| ), 800g-T =800x0.9 I
7840 -T =720 T
T =7120
The tension in the cable is 7120 N. 800 kg \L 0.9
W
800 g
C
R(1),T-800g=800x0.9 T
T - 7840 =720 T
T = 8560 %
The tension in the cable is 8560 N. A
800 kg ‘ 0.9
800 g

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Mechanics 1 Pagel of 1

Solutionbank M1

Edexcel AS and A Level Modular Mathematics

Dynamics of a particlemoving in a straight line
Exercise B, Question 4

Question:

A block of mass 1.5 kg falls vertically from rest and hits the ground 16.6 m below after falling for 2 s. Assuming that the
air resistance experienced by the block as it falls is constant, find its mag

Solution:
u=0,s=16.6,t=2,a= ?

1
S :ut+5at2 (1)

16.6 =0 + %aXZZ

a =8.3
R(J]), 150-R=15x8.3 R
R =2.25 T
The magnitude of the air resistance is 2.25 |
83
15k
9y
15¢g
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Dynamics of a particlemoving in a straight line
Exercise B, Question 5

Question:

A trolley of mass 50 kg is pulled from rest in a straight line along a horizontal path by means of a horizontal rope
attached to its front end. The trolley accelerates at a constant rate and after 2 s its speedisAsrnit moves, the
trolley experiences a resistance to motion of magnitude 20 N. Find

a the acceleration of the trolley,

b the tension in the rog

Solution:

au=0,v=1,t=2,a="?

\Y =u+at
1 =0+ax?2
=>a =0.5

The acceleration of the trolley is 0.5 Mm%

b

R(— ), T-20=50x%0.5 0.5
—

T =45

The tension in the rope is 45 N. 20 +—— 50kg — T
O O
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Dynamics of a particlemoving in a straight line
Exercise B, Question 6

Question:

A trailer of mass 200 kg is attached to a car by a light tow-bar. The trailer is moving along a straight horizontal road and

decelerates at a constant rate from a speed of 1510 s speed of 5 mslin a distance of 25 m. Assuming there is no
resistance to the motion, find

a the deceleration of the trailer,

b the thrust in the to-bar

Solution:

au=15,v=5,s=25,a= ?

V2 =uw+2as (—)

52 =15 +2ax 25

25 =225 + 50a

- 200 =50a

a = -4
The deceleration of the trailer is 4 m%
b

R(— ), -T=200x -4 I

T =800 i
The thrust in the tow-bar is 800 N. 200 kg i
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Dynamics of a particlemoving in a straight line
Exercise B, Question 7

Question:
A woman of mass 60 kg is in a lift which is accelerating upwards at a rate of Zm s

a Find the magnitude of the normal reaction of the floor of the lift on the woman.
The lift then moves at a constant speed and then finally decelerates to rest at 5 m s

b Find the magnitude of the normal reaction of the floor of the lift on the woman during the period of deceleration.

¢ Hence explain why the woman will feel heavier during the period of acceleration and lighter during the period of
deceleratior

Solution:
a
R(1), R-60g=60x2 R
R - 588 =120 i
R =708 ‘ A
! 2
b
60 g
The normal reaction on the woman has magnitude 708 N.
b
R(1), R-60g=60x —-15 R
R - 588 = - 90 A
R = 498 \ i

60 g

The normal reaction on the woman has magnitude 498 N.

¢ The woman's sense of her own weight is the magnitude of the force that she feels from the floor i.e. the normal
reaction. This is ‘usually’ 69i.e. 588 N but when the lift is accelerating upwards it increases to 708 N i.e. she feels
heavier and when the lift is decelerating upwards it decreases to 498 N i.e. she feel
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Dynamics of a particlemoving in a straight line
Exercise B, Question 8

Question:

The engine of a van of mass 400 kg cuts out when it is moving along a straight horizontal road with speed. T s
van comes to rest without the brakes being applied.

In a model of the situation it is assumed that the van is subject to a resistive force which has constant magnitude of 200
N.

a Find how long it takes the van to stop.
b Find how far the van travels before it stops.

¢ Comment on the suitability of the modelling assump

Solution:

a

R(— ), -200=400a —>>a

—a =05 400 kg 200

u=16,v=0,a= -05,t?

v =u+tat (-)
0 =16-0.5t

0.5t =16

t =32

It takes 32 s for the van to stop.
bu=16,v=0,a= -05,s?
VvV =w+2as (—)
02 =162+2( -0.5)s
0 =256 -s

s =256
The van travels 256 m before it stops.

c Air resistance is unlikely to be of constant magnitude. (It is usually a function of
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Dynamics of a particlemoving in a straight line
Exercise B, Question 9

Question:

Albert and Bella are both standing in a lift. The mass of the lift is 250 kg. As the lift moves upward with constant
acceleration, the floor of the lift exerts forces of magnitude 678 N and 452 N respectively on Albert and Bella. The
tension in the cable which is pulling the lift upwards is 3955 N.

a Find the acceleration of the lift.
b Find the mass of Albert.

¢ Find the mass of Bell

Solution:
a
R — 2504 [IPraw a diagram showing the forces acting an th
(1) ,3955-678 - 452 — 250¢g LIFT only.
375 = 250a
a =15 3955
The acceleration of the lift upwards is 1.5 | T
s™2
A
‘ 5
678 452
250 g
b
R(1),678-Myg =M, x15 Draw a diagram showing the forces acting on
678 = 11.3M, ALBERT only.
My =60 678
The mass of Albert is 60 kg. T

Bl
'

Mag

‘Draw a diagram showing the forces acting an H

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Mechanics 1 Page2 of 2

R(1),452-Mgg =Mgx 1.5 [BELLA only. ||
452 =11.3
Ve 452
Mg =40 T
The mass of Bella is 40 kg.
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Dynamics of a particlemoving in a straight line
Exercise B, Question 10

Question:

A small stone of mass 400 g is projected vertically upwards from the bottom of a pond full of water with speed 10 m
s~ 1 As the stone moves through the water it experiences a constant resistance of magnitude 3 N. Assuming that the
stone does not reach the surface of the pond, find

a the greatest height above the bottom of the pond that the stone reaches,

b the speed of the stone as it hits the bottom of the pond on its return,

c the total time taken for the stone to return to its initial position on the bottom of the

Solution:

a

R(1t), -3-04g=0.4a

a = -17.3

u=10,v=0,a= -173,s= ?
V2 =u?+2a s (1)

0 =102+2( -17.3)s

0 =100 - 34.6s

s =289.. =29 (2s.f.) 0.4

The stone rises to a height of 2.9 m (2 s.1.)
above the bottom of the pond.

lp— L.
L]
—
5t}

b
R(|l), 04g-3=04a 3
0.92 =0.4a
a =23 |
100 a
u—O,s—(m5 ,a=23,v="? @ v
V2 =u?+2a s (1)
100
Vv =0P+2x23x (3 04g

v =3.646..=3.6 (2s.f.)
The stone hits the bottom of the pond with

speed 3.6 ms1(2s.f).

bl

cu=10,v=0,a= -17.5,t= ?
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v =u+at (1)
0 =10-17.3t,
10
t = — =
1 1753~ 0.57803 ...
100
u —O,a—2.3,s—(m3 =7
— 1.2
s =ut+ cat (1)
100 _ 1 2
a2 01 3 x23
2 _  _2x100 _
LY = Soeaae ™ 2:51319
t, =1.585

t, +1,=0.57803 + 1.585 = 2.16
The total time is 2.16 s (3 s.
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Dynamics of a particlemoving in a straight line
Exercise C, Question 1

Question:
Find the component of each force that acts in

i thex-direction,ii they-direction.

12N

]
L

20°)

i ey _________________h. x
; X
d
YA
BRANE
f 10N
Solution:
a

il2cos 20° =11.3N (3s.f.)

ii12cos 70° =12sin 20° =4.10N (3s.f.)
b

i5cos 90° =0N

ii —5cos 0° = -5N

(or5cos 180 °)

c

i —8cos 50° = -5.14N (3s.f.)

(or8cos 130 °)

ii8cos 40° =6.12N (3s.f.)
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d

i10cos 30° =8.66N (3s.f.)

ii —10cos 60° = -5N

(or 10 cos 120°)

e

i —6cos 50° = -3.86N (3s.f.)
(or6 cos 130 °)

ii —6cos 40° = -460N (3s.f.)
(or 6 cos 140 °)

f

i Fcos 6N

iiF cos (90° —-0) =F sin 6N

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com

Page2 of 2



Heinemann Solutionbank: Mechanics 1 Pagel of 1

Solutionbank M1

Edexcel AS and A Level Modular Mathematics

Dynamics of a particlemoving in a straight line
Exercise C, Question 2

Question:
For each of the following systems of forces, find the sum of the components in

i thex-direction,ii they-direction.

a b C
v

10N

b

I'N

et

QN ¥

- _________*

Ry
{ =

{

_—————

RN
Solution:

a

i8cos 60° -6=-2N

ii8cos 30° =6.93N (3s.f.)

b

i6cos 40° +5cos 45° + (10cos 90° ) =8.13N (3s.f.)
iil10 (cos 0° ) +6c¢cos 50° —5¢cos 45° =10.3N (3s.f.)
c

iPcosa+Q( cos 0°) -Rcos (90° —-8)

=P cosa+Q-R sin g

iiP cos (90° —a) —R cos f=P sin a—R cos g
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Exercise D, Question 1

Question:

Each of the following diagrams shows a body of mass 5 kg lying initially at rest on rough horizontal ground. The
1
coefficient of friction between the body and the groung is . In each diagiarthe normal reaction from the ground

on the body ané is the friction force exerted on the body by the ground. Any other forces applied to the body are as
shown on the diagram. In each case

i find the magnitude df,
ii state whether the body will remain at rest or accelerate from rest along the ground,

iii find, when appropriate, the magnitude of this acceleration.

a b C
R R R
& F 3 &
3N 7N 12N
F Skg —p F S5kg —p F Skg —p
<4 < <
v v v
S5gN S5gN 5N
d e f
? 14N ? 14N ? HlN
. BN s ON 12N
P Skg —» F Skg —» o 5kg —»
< L «
SgN S5gN SgN
g h [
? 141N T 14N ? 14N
AN a SN v BN
F Skg —p F 5kg F—» F S5kg —»
+ + <+
S5gN S5gN SN
] k
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R 14™ R 28N
rF s
"30° ' 30°
S5kg Skg
F F
4 4
v v
S5gN g N
Solution:
a

i
R(1T)R-5g=0
R =5g=49N

1
S Fyax = 7 X49=7N . F=3N

ii .. F=3N and body remains at rest

b

iFyax = 7N ..F=7N

ii F =7 N and body remains at rest (in limiting equilibrium)
c

iFyax = 7N . F=7N

ii F =7 N and body accelerates

R(— ),12-7=5a

a =1ms ?

Body accelerates at 1 nT

d

i

R(1t),R-14-59g=0

R =63 N
1

Fyax = 7 x63=9N . F=6N

ii F = 6 N and body remains at rest

e
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iF=9N

ii F =9 N and body remains at rest in limiting equilibrium
f

iF=9N

ii F =9 N and body accelerates

iii
R(— ), 12-9=5a
a =06ms 2

Body accelerates at 0.6 n $

g

i
R(1)R+14-53=0
R =35N

1
- Fyax = 7 X35=5N..F=3N

ii F = 3 N and body remains at rest

h

iF=5N

ii F =5 N and body remains at rest in limiting equilibrium
[

iF=5N

ii F =5 N and body accelerates

i
R(— ),6-5=5a
a =02ms 2

Body accelerates at 0.2 nT $

j

[

R(1),R+14cos 60° -5g=0

R =42 N

1
S Fyax = 7 x42=6N
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R(— ),l4cos 30° +=5a

Since 14 cos 30° >6

“F=6N

ii F = 6 N and body accelerates

iii

R(— ),l4cos 30° -6=5a

a =1.22ms 2 (3sf.)

Body accelerates at 1.22m $ ( 3s.f.)

k

[

R(1),R+28cos 60° —5g=0

R =35N
. _ 1 _

R( — ),28cos 30° F=5a

Since 28 cos 30° >5
~“F=5N

ii F =5 N and body accelerates

i
R( — ),28cos 30° -5=5a
a =3.85ms 2 (3sf.)

Body accelerates at 3.85m $ (3s.f.)
I

iR(1)R-56cos 45° -§=0
..R=886N (3s.f.)

1
< Fyax = 5 % 88.6=12.657 N

R( — ),56cos 45° F
Since 56 cos 45° > 12.657 N

F=Fyax = 12.657 or 12.7 N (3 s.f.)

ii body accelerat
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iii56 cos (45° ) =39.5979

5a = 39.598 - 12.657 = 26.941
a=5.3882

So the acceleration 5.3¢m <=2 (3 s.f.)
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Dynamics of a particlemoving in a straight line
Exercise D, Question 2

Question:

In each of the following diagrams, the forces shown cause the body of mass 10 kg to accelerate as shown alor
horizontal planeR is the normal reaction arkdis the friction force. Find the coefficient of friction in each case.

a b c
R R R
F F 9 F
20N 20N 20V2N
. 10kg 30° . 10kg 60" 4:,\\J 10kg >
ﬁ* . fr‘ \ < F
v hd v
10gN 10gN 10g M
—>> —>> —>
1 ms? 0.5ms™? 0.5ms?
Solution:
a
R(1),R+20cos 60° —10g=0
R =88 N

R( — ),20cos 30° 1 x88 =10x 1
1 =0.083 (2s.f.)

b

R(1),R+20cos 30° - 10g=0
R =80.679... N

R( — ),20cos 60° — x 80.679=10 x 0.5
1 =0.062 (2s.f.)

c

R(1),R-20{2 cos 45° - 10g=0
R =118 N

R(— ),20{2 cos 45° -« x 118 =10x0.5
1 =0.13 (2sf.)
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Exercise E, Question 1

Question:

A particle of mass 0.5 kg is placed on a smooth inclined plane. Given that the plane makes an angle of 20° with the
horizontal, find the acceleration of the parti

Solution:
a
Iy
Fz/) ., [0.5g cos 70 °° =[0.5a 3&{’!,/
a 2(32? ) 2
{}.SlgN

The acceleration of the particle3.35m <~ 2 (3s.f.) .
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Dynamics of a particlemoving in a straight line
Exercise E, Question 2

Question:

The diagram shows a box of mass 2 kg being pushed up a smooth plane by a horizontal force of magnitude 20 N. The plane is

3
inclined to the horizontal at an anglewhere tan &= 2-

Find
a the normal reaction between the box and the plane,

b the acceleration of the box up the pli

Solution:
a
R(~), R-20cos (90° —u) 3
-29 cos a=0 ana =7
R =20sin a + 19.6 cosa . all 3
=12 + 15.68 siha =5
=27.7N (3s.f.) 4 4
cosa = ¢

The normal reaction is 27.7 N (3 s.f.).

b

R(~- ), 20cosa-2g cos (90° -a) =2a

20 cos a — 29 sin «a =2a

a =212ms 2

The acceleration of the box2.12m <~ 2,
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Dynamics of a particlemoving in a straight line
Exercise E, Question 3

Question:

A boy of mass 40 kg slides from rest down a straight slide of length 5 m. The slide is inclined to the horizontal at an
angle of 20°. The coefficient of friction between the boy and the slide is 0.1. By modelling the boy as a patrticle, find

a the acceleration of the boy,

b the speed of the boy at the bottom of the ¢

Solution:

a

R(~ ), 40gcos 70°
-0.1R

R(~N), R-40gcos 20°
R

Substituting,

392 cos 70 ° - 36.836 =40a 40g
a =243 (3s.f.)

The acceleration of the boy is 2.43 m %(3

s.f.).

bu=0,a=243,s=5,u=?

vV =u?+2as

V2 =0%+2%x243x5=243
U =4.93ms 1(3sf.)

The speed of the boy4.9:m <~ 1 (3 s.f)
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Dynamics of a particlemoving in a straight line
Exercise E, Question 4

Question:

A block of mass 20 kg is released from rest at the top of a rough slope. The slope is inclined to the horizontal at an angle

of 30°. After 6 s the speed of the block is 21 m!sAs the block slides down the slope it is subject to a constant
resistance of magnituR N. Find the value cR.

Solution:
N u=0,v=21,t=6,a= ?
R Vv =u+at
as % 21 =0+ 6a
a =35ms 2
ag°
20g

R(~v ), 20g cos 60 ° -R =20 x 3.5
98 -R =70
R =28N
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Dynamics of a particlemoving in a straight line
Exercise E, Question 5

Question:

A book of mass 2 kg slides down a rough plane inclined at 20° to the horizontal. The acceleration of the book is 1.5 m
s~ 2. Find the coefficient of friction between the book and the

Solution:
R =0
(~N), R-2gcos 20°
R =2g cos 20°
R(~< ),
2g cos 70° _
- ux2g cos 20° =2x15
_ 29 cos 70° -3 =0.201
~ 29 cos 20° (3s.f.)

The coefficient of friction is 0.20 (2 s.f.).
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Dynamics of a particlemoving in a straight line
Exercise E, Question 6

Question:

A block of mass 4 kg is pulled up a rough slope, inclined at 25° to the horizontal, by means of a rope. The rope
the line of greatest slope. The tension in the rope is 30 N. Given that the acceleration of the block &fidartise
coefficient of friction between the block and the pl

Solution:

R(~N), R-4gcos 25° =0 o S5

R

R =4qg cos 25° s
R(~ ), 30-4gcos65° —4x?

—ud4g cos 25° "R rl

22 — 4y cos 65° _ 259

49 cos 25° —H 1
0.15 (2s.f.) =u
The coefficient of friction is 0.15 (2 s.f.). 1
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Dynamics of a particlemoving in a straight line
Exercise E, Question 7

Question:

A parcel of mass 10 kg is released from rest on a rough plane which is inclined at 25° to the horizontal.
a Find the normal reaction between the parcel and the plane.

Two seconds after being released the parcel has moved 4 m down the plane.

b Find the coefficient of friction between the parcel and the

Solution:
a

R _ R

( ~), R-10g cos o5 =0 e

= R
_ o =888N “ f

R=98 cos 25 (3sf.) 2

The normal reaction is 88.8 N (3 s.f.). 1

10g

b
u =0,s=4,t=2,a=?

1
S =ut+ Eatz

4 :0+%a><22

a =2ms” 2

R(~v ), 10gcos65° —uR =10x 2

ux98 cos 25° 10g cos 65 ° - 20
_ 98 cos 65° -20
# ~ 98 cos 25°

=0.241 (3s.f.)

The coefficient of friction is 0.24 (2 s.i

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Mechanics 1 Pagel of 2

Solutionbank M1

Edexcel AS and A Level Modular Mathematics

Dynamics of a particlemoving in a straight line
Exercise E, Question 8

Question:

A particleP is projected up a rough plane which is inclined at an antgethe horizontal, where tan= 7. The

1
coefficient of friction between the particle and the plang is . The particle is projected from th& wiiinspeed 20 m

s~ land comes to instantaneous rest at the [®int
o . . . 13
a Show that whileP is moving up the plane its deceleratiormfs

b Find, to three significant figures, the distardz
c Find, to three significant figures, the time takenRdo move fromA to B.

d Find the speed (P when it returns tA.

Solution:

a
Let mass of particle be.

R(N), R-mgcosa=0

_ 4m g
R - 5
. 1
R(~7~) , —mgsma—gR:ma
_3mg 1 4mg _
s 3>< c =Im a mg
3
_ 1 _ tana = —
15 -a 4
.13 : _ 3
The deceleration is sl = ¢
_ 4
cosa = ¢
b
139
= = = - — = ?
u=20,v =0,a e ST "
V2 =u?+2a s
_ _ 260 _ 6000 _
0 =207 155> 5= 5o =235m (3sf.)

AB=235m (3sf.)

c
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-13g

u=20,v=0,a= 15 =7
V Zu+at

_on_ 0t
0 =20 15

300
t = 13 =2.35s (3s.f.)
d

4m

=Tgasbefore

. 1
R(~v ) , mgsma—gR:ma
3mg 1 4[mg _
s T3 s =[m a
9 _
3 =—a
g 6000
= = = = — = 72
u 0,a 3 S 26 Y
vV =u?+2as
29 6000 4000

2 =0+ — X — = —
ve =0+ 5 269 26

u =124ms 1 (3sf.)

The speed of the particle as it pasA on the way down i12.4m <~ 1 (3 s.f.)

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com

Page2 of 2



Heinemann Solutionbank: Mechanics 1 Pagel of 1

Solutionbank M1

Edexcel AS and A Level Modular Mathematics

Dynamics of a particlemoving in a straight line
Exercise F, Question 1

Question:

Two particlesP andQ of mass 8 kg and 2 kg respectively, are connected by a light inextensible string. The particles are
on a smooth horizontal plane. A horizontal force of magnifudeapplied tdP in a direction away fror® and when th

string is taut the particles move with acceleration 0.4 s
a Find the value oF.

b Find the tension in the strir

Solution:

—= (14
Q F

2 kg 8 kg E

For whole system:

a
R(—): F=(2+8) x04
=4

HenceF is 4 N.

b ForQ:

R(—): T=2x04
=0.8

The tension in the string is 0.8
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Dynamics of a particlemoving in a straight line
Exercise F, Question 2

Question:

Two bricksP andQ, each of mass 5 kg, are connected by a light inextensible string.mBisdkeld at rest an@ hangs
freely, vertically belowP. A force of 200 N is then applied vertically upward$toausing it to accelerate at 1.2 m%
Assuming there is a resistance to the motion of each of the bricks of maghiidied

a the value oR,

b the tension in the string connecting the bri

Solution:
a
For whole system g 200
R(1T)., l T
200- 2R-10g =10 x 1.2
200 -2R-98 =12 P| 5kg
2R =90
R =45 A
- \ ‘ 1.2
5g
Ri A7
Q| 5kg
Sg
b ForQ only:

R(1), T-R-5g=5x1.2
T-45-49 =6
T =100

". The tension in the string is 100 N.
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Dynamics of a particlemoving in a straight line
Exercise F, Question 3

Question:

A car of mass 1500 kg is towing a trailer of mass 500 kg along a straight horizontal road. The car and the trailer are
connected by a light inextensible tdwver. The engine of the car exerts a driving force of magnitude 10 000 N and
and the trailer experience resistances of magnitudes 3000 N and 1000 N respectively.

a Find the acceleration of the car.

b Find the tension in the tc-bar

Solution:

roT
500 kg M 10 000N

- _—

1000 3000

a For whole system:

R(— ), 10000 - 1000 - 300G 2000a
a =3

The acceleration of the car is 3 fifs

b For trailer:

R(— ), T-1000 =500 x 3
T = 2500

The tension in the tc-bar is 2500 M
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Exercise F, Question 4

Question:

Two particlesA andB of mass 4 kg and 3 kg respectively are connected by a light inextensible string which pass
small smooth fixed pulley. The particles are released from rest with the string taut.

a Find the tension in the string.
WhenA has travelled a distance of 2 m it strikes the ground and immediately comes to rest.

b Assuming thaB does not hit the pulley find the greatest height B reaches above its initial positir

Solution:
a
ForA: R(| ), 49-T=4a
1)
ForB: R(1t), T-3g=3a
(2) U
(1) + _
=7a
(2): 49-3g
1 _
79 -a
. T A AT
i.e.a =14ms 2 i
n
. _ 39 a|l Aldg 3g)B| a
T =39+ - E A
= 33.6 N |
(3s.f.) i 4g 3g
I

The tension in the string is 33.6 N (3 s.f.).

5
bForA: (| ) u=0,s=2,a= 7 ,v= "7
vV =u+2as
5
v =0P+ (2% 2 x2)
.
7
4
ForB: (1) w= - ,v=0,a= -g,s=?
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v =u?+2as
2
0 = @—Zﬁs:sz -

2
. Height above initial positionis 2 m.
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Dynamics of a particlemoving in a straight line
Exercise F, Question 5

Question:

Two particlesA andB of mass 5 kg and 3 kg respectively are connected by a light inextensible string. Rdiglen a
rough horizontal table and the string passes over a small smooth pulley which is fixed at the edge of the tabR. Particle
hangs freely. The coefficient of friction betwe&mand the table is 0.5. The system is released from rest. Find

a the acceleration of the system,
b the tension in the string,

¢ the magnitude of the force exerted on the pulley by the ¢

Solution:
R
|
- T T
5 kg
05R ¢ .
ol AT
a
B‘ a
5 kg
| Y
3g
aForA:
R(1).,R-59=0
R =49
R(— ), T-05R=5ba
i.e.T—-245 =ba (1)

ForB: R(] ), 3g-T=3a
294 -T =3a (2)

(1) + (2) : 29.4-245=8a

4.9 = 8a
0.6125 =a

The acceleration of the systen0.61m<~2 (3s.f.) or0.61ms~2 (2s.f.) .
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T-245 =5x0.6125
T = 27.5625

The tension in the string is 27.6 N (3 s.f.) or 28 N (2 s.f.).

c

By Pythagoras, T
F2=T2+ 712 = 272 ‘ 45°
F =M2
=38.979 ... 45°
T

The magnitude of the force exerted on the pulley is 39 N (2 s.f.) or 39.0 N |
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Dynamics of a particle movingin a straight line
Exercise F, Question 6

Question:

Two particles Pand Qof equal mass are connected by a light inextensible string. The string passes over a small smc
which is fixed at the top of a smooth inclined plane. The plane is inclined to the horizontal at anvamgfle tan = 0.75.
Particle Pis held at rest on the inclined plane at a distance of 2 m from the pulleyzanth® freely on the edge of the plane
at a distance of 3 m above the ground with the string vertical and taut. Particleldased. Find the speed with which it hits
the pulley

Solution:
tan =3
a a= 7
5 3
4
sin -3
“= 5
_ 4
CoS a = s

ForP: R(~-7 ), T-mgsina =ma

T- 2 =ma o

ForQ: R(J]), mg-T=ma (2)

(1) +(2) : [mg- 3L =om

9 -
5 =a

1
RS

g
ForPu=0,a= 5 ,S=2,V

v =u?+2a s
2
v =02+ ?gxz
4 _
v :\I?g:Z.Sms 1

P hits the pulley with spee2.€ m <~ 1.
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Dynamics of a particlemoving in a straight line
Exercise F, Question 7

Question:

Two particlesP andQ of equal mass are connected by a light inextensible string. The string passes over a small smooth
pulley which is fixed at the top of a fixed wedge. One face of the wedge is smooth and inclined to the horizontal at an
angle of 30° and the other face of the wedge is rough and inclined to the horizontal at an angle of 60P kestare

the rough face and partiolglies on the smooth face with the string connecting them taut. The coefficient of friction
betweerP and the rough face is 0.5.

a Find the acceleration of the system.

b Find the tension in the strir

Solution:
s
/a,-“’?R T \a
-
kY
Q 3
mg mg
a
ForQ:R(— ), T-mgcos 60° =ma ForP:R(~” ), S=mg cos 60°

(1)

R(~), mg cos 30°—%S—T:ma

mgc0330°—%mgcos 60° -T =m a (2)

(1) +(2) : moB-3m¢ o Joos 300 =8 cos 60° =L

4 2 2

g3(2\1_3—3) =a

. The acceleration of the system is 0.569 ¢ g 3 s.f.)
or0.57ms 2 (2s.f.)

b From (1),

T

%m g+ %(2‘{_3—3)

= (1+23)
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The tension in the string 'rgs—g ( 1 +|_2\% - Orb6g .
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Dynamics of a particle movingin a straight line
Exercise F, Question 8

Question:

A van of mass 900 kg is towing a trailer of mass 500 kg up a straight road which is inclined to the horizontal at an angle o
where tan o= 0.75. The van and the trailer are connected by a light inextensible tow-bar. The engine of the van exerts a
driving force of magnitude 12 kN and the van and the trailer experience resistances to motion of magnitudes 1600 N and 600
N respectively

a Find the acceleration of the van.

b Find the tension in the t¢-bar

Solution:
a
3
tan a = 0.75 = 2
5 3
4
: _ 3
sin a = s
_ 4
COoS a = s

For whole system:

R( 7 ) ,12000 - 1600 — 600 — 1400gsin = 1400a

9800 - 1400gsina = 1400a
7 -5.88 =¥
1.12 =¥

The acceleration of the van is 1.12 m%

b For trailer:

R( ), T-600-50@sin a =500 x 1.12
T - 600 - 2940 = 560
T = 4100

The tension in the tc-bar is 4100 M
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Dynamics of a particlemoving in a straight line
Exercise F, Question 9

Question:

Two particlesP andQ of mass 2 kg and 3 kg respectively are connected by a light inextensible string. The string passes
over a small smooth pulley which is fixed at the top of a rough inclined plane. The plane is inclined to the horizontal at
an angle of 30°. Particl is held at rest on the inclined plane &tiangs freely on the edge of the plane with the string

vertical and taut. Particle is released and it accelerates up the plane at 2.53rFnd
athe tension in the string,
b the coefficient of friction betwee and the plane,

c the force exerted by the string on the pu

Solution:

aForP:
R(\), R—29C0830° =0 cos 3oo:E
R =g(3 2
R(7), T-ug(3-2gcos 60° =2x25 cos 60° =1
2
T-ud3-9 =5 1)

ForQ:R( ] ) ,3g-T =3x%x25
3g-T =75 )

S.T=21.9
The tension is 21.9 N.

b
(1) + (2) 2g-ug(3 =125
K =71
7.1
U =W 0.418 (3s.f.) or0.42 (2s.f.)

The coefficient of friction is 0.42 (2 s.i
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F =2T cos 30°
=43.8cos 30°
=379N (3s.f.) or38N (2s.f.)

The force exerted by the string on the pulley is 38 N (2
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Dynamics of a particlemoving in a straight line
Exercise F, Question 10

Question:

A car of mass 900 kg is towing a trailer of mass 300 kg along a straight horizontal road. The car and the trailer are

connected by a light inextensible tow-bar and when the speed of the car is2ihva brakes are applied. This prodt
a braking force of 2400 N. Find

a the deceleration of the car,
b the magnitude of the force in the tow-bar,

c the distance travelled by the car before it s

Solution:
—_— g
T T
300 kg 900 kg 2400
a For whole system:
R(— ), - 2400 = 120(a
a = -2

The deceleration of the car is 2 m%

b For trailer:

R(—),-T=300x -2
> T = 600

The thrust in the tow-bar is 600 N.

cu=20,a= -2,v=0,s=?
V2 :u2+2as(—>),
02=20?+2(-2)s

0 =400-14s

s =100

The car stops in 100
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Dynamics of a particlemoving in a straight line
Exercise G, Question 1

Question:

A ball of mass 0.5 kg is at rest when it is struck by a bat and receives an impulse of 15 N s. Find its speed immediately
after it is struck

Solution:
(—): o)
15 =0.5v
30 =v 15
Its initial speed is 30 msl.
—
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Dynamics of a particlemoving in a straight line
Exercise G, Question 2

Question:

A ball of mass 0.3 kg moving along a horizontal surface hits a fixed vertical wall at right angles with speed 3.5 m's
The ball rebounds at right angles to the wall. Given that the magnitude of the impulse exerted on the ball by the wall is
1.8 N s, find the speed of the ball just after it has hit the
Solution:

(< ): 3.5

1.8=03(v- -35)

—
6 =v+35 @ 18
25 =v

Theball rebounds with speed 2.5 M $. =
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Dynamics of a particlemoving in a straight line
Exercise G, Question 3

Question:

A ball of mass 0.2 kg is dropped from a height of 2.5 m above horizontal ground. After hitting the ground it rises to a
height of 1.8 m above the ground. Find the magnitude of the impulse received by the ball from thi

Solution:

u=0,a=g,s=25,v=? ul

V2 =u?+2as (1)

VvV =0°+2x9.8x%x25 gE'
= 49

v =7 (not-17) V! |

(1):v=0,a= -g,s=18,u=? DT
v =u?+2as
02=u?+2(-98) x1.8 gé

u? =35.28
u

u =594 (not-5.94) .

Take downwards as positive.

(1) :1=02(594-7) 59k
= —2.588 '

The magnitude of the impulse on the ball is
2.59 N s (3 s.f.). '
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Dynamics of a particlemoving in a straight line
Exercise G, Question 4

Question:

A ball of mass 0.2 kg, moving along a horizontal surface, hits a fixed vertical wall at right angles. The ball rebounds at
right angles to the wall with speed 3.5 m’s Given that the magnitude of the impulse exerted on the ball by the wall is
2 N s, find the speed of the ball just before it hit the

Solution:

(< ):

2 =02(35- -u)
10 =3.5+u

u =6.5

Thespeed of the ball before it hits the wall i
6.5ms 1L

I

® |
W\E:F\?m

()

5
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Dynamics of a particlemoving in a straight line
Exercise G, Question 5

Question:

A toy car of mass 0.2 kg is pushed from rest along a smooth horizontal floor by a horizontal force of magnitude
1.5 s. Find its speed at the end of the 1

Solution:

F t =mv-mu
04x15=02-0)
0.6 =0.2v

3 =v

The speed of the toy car3m ¢~ L,
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Dynamics of a particlemoving in a straight line
Exercise H, Question 1

Question:

A particleP of mass 2 kg is moving on a smooth horizontal plane with speed4'mtsollides with a second particle
Q of mass 1 kg which is at rest. After the collis®has speed 2 mstand it continues to move in the same direction.
Find the speed Q after the collisior

Solution:

Conservation of Momentum & ) 4 D

(2x4) + =(2x2) +

@

8 =4 +v

4 =V — o
i W

The speed cQis4ms~1
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Dynamics of a particlemoving in a straight line
Exercise H, Question 2

Question:

A railway truck of mass 25 tonnes moving at 4 m'sollides with a stationary truck of mass 20 tonnes. As a result of
the collision the trucks couple together. Find the common speed of the trucks after the «

Solution:

Conservation of Momentum & )
(4x25) + (20x0) =45v

100 = 45v
20 _
9 =V

2
The common speed of the trucks ig 2 mis
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Dynamics of a particlemoving in a straight line
Exercise H, Question 3

Question:

ParticlesA andB have mass 0.5 kg and 0.2 kg respectively. They are moving with speeds ani® m
s~ Irespectively in the same direction along the same straight line on a smooth horizontal surface when they collide.
Atfter the collisionA continues to move in the same direction with sp4 m <~ 1. Find the speed B after the collisior

Solution:
Conservation of Momentum & ) 5 2
(0.5x5) + = (05x%x4) +
(0.2x2) (0.2 xv)
25+0.4 =2.0+0.2v 02)
0.9 =0.2v —> —
45 =y A v

The speed cB after the collision i4.5m <~ 1,
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Dynamics of a particlemoving in a straight line
Exercise H, Question 4

Question:

A particle of mass 2 kg is moving on a smooth horizontal plane with speed 4.t sollides with a second particle of
mass 1 kg which is at rest. After the collision the particles join together.

a Find the common speed of the particles after the collision.
b Find the magnitude of the impulse in the collis

Solution:

a
Conservation of Momentum & )
(2x4) + (1x0) =3v

5
o o
8 = 3v |

=V

w |

2
The common speed of the particles i§ 2 s

)

( 2
bForlkg:, — l=1xv=27;ms !
v ) ’

2
The impulse in the collision is 2 meNs.

[For2kg: (<« ) | =2( -v—- -4)

2
=2 —25 +4)
1
=2x13 =23 ]
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Dynamics of a particlemoving in a straight line
Exercise H, Question 5

Question:

Two particlesA andB of mass 2 kg and 5 kg respectively are moving towards each other along the same straight line on
a smooth horizontal surface. The particles collide. Before the collision the speedad® are 6 m s land 4 m

s~ Irespectively. After the collision the direction of motionfak reversed and its speed is 1.5 mtsFind

athe speed and direction Bfafter the collision,

b the magnitude of the impulse givenA to B in the collision

Solution:

a

Conservation of Momentum & ) 6 4
(2x6) + = (2x -15) e

12 - 20 = -3+5y ! xg"

« —

-5 =5V 1.5 v

v = -1

The speed oBis 1 m s™ 1 and its direction of motion is unchanged by the collision.

b
ForA (< ) 1 =2(15- -6)
=2x%x75
=15
[orforB (— ) | =5(v- —-4)
:5( —1+4)
=15]

The magnitude of the impulse givenB is 15 N ¢
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Dynamics of a particlemoving in a straight line
Exercise H, Question 6

Question:

A particleP of mass 150 g is at rest on a smooth horizontal plane. A second partitleass 100 g is projected along
the plane with speedim s~ Yand collides directly wit®. On impact the particles join together and move on with speed
4m <~ 1 Find the value ou.

Solution:

Conservation of Momentum & ) u 0
100u+ (150 x0) =250 x 4 .

100u = 1000 fica @D
u =10 A, S

The value ouis 10
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Dynamics of a particlemoving in a straight line
Exercise H, Question 7

Question:

A particle A of mass #nis moving along a smooth horizontal surface with speedt 2ollides with another particle of
mass & which is moving with the same speed along the same straight line but in the opposite direction. Givien that
brought to rest by the collision, find

a the speed dB after the collision and state its direction of motion,

b the magnitude of the impulse givenA to B in the collision

Solution:
a
Conservation of Momentum & ) 2u 2u
(4mx 2u) + = (4mx0) & B
(3mx - 2u) +3m v E !
gm u-6gm u =3dm v e
2 =v u v
3

2u
The speed oB after the collision is3~ and its direction of motion is reversed by the collision.

b

ForA (< ). I =4m(0- - 2u)
=8m u

[orForB ( — ): | =3m(v—- —2u)

=3m( 2?u+2u)
=2m u+6m u=8m u]
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Dynamics of a particlemoving in a straight line
Exercise H, Question 8

Question:

An explosive charge of mass 150 g is designed to split into two parts, one with mass 100 g and the other with mass 50 g.
When the charge is moving at 4 m %t splits and the larger part continues to move in the same direction whilst the

smaller part moves in the opposite direction. Given that the speed of the larger part is twice the speed of the smaller part,
find the speeds of the two pa

Solution:
Conservation of Momentum & ) ;
= (100 x 2u) + _
(150x4) 55 _y) [150]
600 = 200u- 50u ED =
600 = 150u
4 =u u 2u

The larger has spe@ m <~ L and the smaller part has spdm <~ 1,
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Dynamics of a particlemoving in a straight line
Exercise H, Question 9

Question:

Two particlesP andQ of masam andkm respectively are moving towards each other along the same straight line on a
smooth horizontal surface. The particles collide. Before the collision the spagedsdf are 31 andu respectively.
After the collision the direction of motion of both particles is reversed and the speed of each particle is halved.

a Find the value ok.

b Find, in terms om andu, the magnitude of the impulse givenP to Q in the collision

Solution:
a
Conservation of Momentum & ) 3u u
=(m><3—u +
(mx3u) + 2 E ® i
(k mx —u) (kmxuz) =
3u L]
Imu-k|mu <
2
6 -2k = -3+Kk
9 3k
3 =k
The value ok is 3.
b
For P ( « ): |=m(37u——3u) [orForQ:(_>)|:km(“E__u)
9m u 3y
- 2 —3m>< 7
9m u
= = ]
9m u

The magnitude of the impulse T5;—
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Dynamics of a particlemoving in a straight line
Exercise H, Question 10

Question:

Two particlesA andB of mass 4 kg and 2 kg respectively are connected by a light inextensible string. The partic
rest on a smooth horizontal plane with the string slack. Pa#tierojected directly away from with speedim s™ 1.
When the string goes taut the impulse transmitted through the string has magnitude 6 N s. Find

a the common speed of the particles just after the string goes taut,

b the value ou.

Solution:

a

ForB (— ) : u

6 =2(v—-0) = =

3 =v 2 kg 4 kg
0 u
—_— —

6 &
5 10)—————119)4

—_ —_—
¥ v

The common speed is 3 m $.

b Conservation of Momentum & )

4qu =2v+4v=6x3 =18
u =45

[orForA: (— ) —-6=4(3-u)
-15 =3-u

u =45]
The value ouis 4.5
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Dynamics of a particlemoving in a straight line
Exercise H, Question 11

Question:

Two particlesP andQ of mass 3 kg and 2 kg respectively are moving along the same straight line on a smooth t
surface. The particles collide. After the collision both the particles are moving in the same direction, theBjieed of
1 m s~ land the speed @ is 1.5 m s L. The magnitude of the impulseBonQis 9 N s. Find

a the speed and direction Bfbefore the collision,

b the speed and direction Q before the collisiol

Solution:

a

ForP: (« ) u v
9=3(-1- -u) 4 2

9 =3( -1+u) 94—. g
3=-1+u e —>

4 =u 1 1.5

The speed oP before the collision is 4 ms! and it was moving in the same direction as it was after the collision.

bForQ: ( — )

9 =2(15-v)
9 =3-2v

2v = -6

v =-3

[or Conservation of Momentum & )

3u+2v = (3x1) + (2x15)
12+2v =3+3=6

2V = -6

% = -3]

The speed of) before the collision was 3 nT's and it was moving in the opposite direction to its direction after the
collision.
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Dynamics of a particlemoving in a straight line
Exercise H, Question 12

Question:
Two particlesA andB are moving in the same direction along the same straight line on a smooth horizontal surface. The

particles collide. Before the collision the spee®a 1.5 m s 1. After the collision the direction of motion of both

particles is unchanged, the speed\d$ 2.5 m s land the speed & is 3 m s™ . Given that the mass #fis three times
the mass 0B,

a find the speed oA before the collision.
Given that the magnitude of the impulsefm the collisionis 3 N s.

b find the mass cA.

Solution:
a
Conservation of Momentum & ) u 15
= (3mx25) + i
3m u+1.5m (mx3) - D . ,
gm u+1.9m =7.dm+3m
3u =9 2.5 3
u =3

The speed oA before the collision is 3 msl.

bForB: ( — )
3=m(3-15)
2 =m

[or ForA: «

3=3m( -25- -u)
3=3m( -25+3)
1 =0.5m

2 =m]

The mass oA is 6 kg
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Dynamics of a particlemoving in a straight line
Exercisel, Question 1

Question:

A bullet is fired by a gun which is 4 kg heavier than the bullet. Immediately after the bullet is fired, it is moving with
speed 200 m$ and the gun recoils in the opposite direction with speed 5nFind

athe mass of the bullet,

b the mass of the gt

Solution:
a
”E ‘3; Df;aw af[jri]agram showing velocities, before and
after, with arrows.
|m + 4| ! m
o -
5 200

CLM( — ) : 0O =200m-5(m+4) (Momentum is conserved, solving fior]
20 =195m
0.103 =m

Mass of bullet is 0.103 kg.
b Mass of gun is 4.103 k
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Dynamics of a particlemoving in a straight line
Exercisel, Question 2

Question:

A child of mass 25 kg moves from rest down a slide which is inclined to the horizontal at an angle of 35°. Wher
has moved a distance of 4 m, her speed is 6!nBy modelling the child as a particle, find the coefficient of friction
between the child and the sli

Solution:

vV =u?+2as |Choose the appropriate equatibn.
62 = 0% +2ax 4

a =45 Solving fora

R
454 R
35°
25g

R(~N) R-25 cos 35° =0 |We neecR to find the friction|
R =25g cos 35°
R( < ) 25g cos 55° —uR=25 x 4.5 ||[Resolve in the direction of the acceleration. So r/e
259 cos 55° —u x 259 cos 35 ° for .
=112.5

_ 259 cos 55° - 1125 |Answer to 2 s.f. sincg = 9.8 has been usdd.
A= " 255 cos 35°

=0.14 (2sf.)

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Mechanics 1 Pagel of 1

Solutionbank M1

Edexcel AS and A Level Modular Mathematics

Dynamics of a particlemoving in a straight line
Exercisel, Question 3

Question:

A particleP of mass & is moving along a straight line with constant speedtZollides with another particl® of
mass #n which is moving with speed along the same line but in the opposite direction. As a result of the cofisson
brought to rest.

a Find the speed d) after the collision and state its direction of motion.

b Find the magnitude of the impulse exertecQ onP in the collision

Solution:

a

A diagram showing all the velocities, before annj

2u u
@ @ after, with arrows.
4 m
— s

0 v
CLM ( — ) : Conserving momentuH‘n
m

bl=(3mx2u-0) =6m uimpulse6 mu
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Dynamics of a particlemoving in a straight line
Exercisel, Question 4

Question:

A small box of mass 2 kg is projected with speed 2hup a line of greatest slope of a rough plane. The plane is
inclined to the horizontal at an anglevhere tarw = 0.75. The coefficient of friction between the box and the plane is
0.4. The box is projected from the poihbn the plane.

a Find the distance that the box travels up the plane before coming to rest.
b Show that the box will slide back down the plane.

c Find the speed of the box when it reaches the |P.

Solution:
a
R (8 R( N )R=2g cos a = 2 |Ris needed to find the
S |Ifriction.
R(~7)
04K

2g
_ Z?R ~2gsina =2a INote the signs.
169 _ 6s _
C 25 5 =2a
_ % —a Solving fora.
v =u?+2as( /)
23

0 =2-2x > XS
S _ 50 _

= o =0.22m (2s.f.)

2 s.f. sinceg = 9 has been
used.

69

3
b Wt component down plane gx ¢ =

- - 2 169
Limiting friction = T xR= 7"
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Hence, net force down the plane

14s o
= g soit will slide back down

c

1
R(<) —2=2a>a=
79
25

v =ul+2as( <)

7
—gx
25

50
239

_ 2

2 =92 % =
ve =2 23

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com

89
5

=11ms 1 (2sf)

Page2 of 2

2 s.f sincgg = 9.8 has been
used.

Finding the acceleration. 2
s.f sinceg = 9.8 has been
used.
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Dynamics of a particlemoving in a straight line
Exercisel, Question 5

Question:

Peter is pulling Paul, who is on a toboggan, along a rough horizontal snow surface using a rope which makes an angle of
30° with the horizontal. Paul and the toboggan have a total mass of 40 kg and the toboggan is moving in a straight line
with constant speed. The rope is modelled as a light inextensible string. Given that the tension in the rope is 50 N, find
the coefficient of friction between the toboggan and the ¢

Solution:
— )
{ /'ED N
» | | |“"J 30"
uR
40 g

R(1), R+50cos 60° -40g0 |No vertical acceleratiof
R =367N

—J

R(— ), 50cos 30° -ux367=0 (No horizontal acceleration as moving with
> 1=012 (2s.f.) constant speed.
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Dynamics of a particlemoving in a straight line
Exercisel, Question 6

Question:

A particle of mass 0.5 kg is pushed up a line of greatest slope of a rough plane by a horizontal force of rRagnitude
The plane is inclined to the horizontal at an amglehere taru = 0.75 and the coefficient of friction betweerand the
plane is 0.5. The particle moves with constant speed. Find

a the magnitude of the normal reaction between the particle and the plane

b the value oP.

Solution:
R
77 2
P AT
s R
LI}
05g

a

R(1), Rcosa- Resolving at right angles todtves a quick

%Rsin o - 0.5g =0 solution.
R =g=9.8N

b

|Alternatively, resolve up the plafie.
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Dynamics of a particlemoving in a straight line
Exercisel, Question 7

Question:

A pile driver consists of a pile of mass 200 kg which is knocked into the ground by dropping a driver of mass 1000 kg
onto it. The driver is released from rest at a point which is 10 m vertically above the pile. Immediately after the driver
impacts with the pile it can be assumed that they both move off with the same speed. By modelling the pile anc

as particles,

a find the speed of the driver immediately before it hits the pile,

b find the common speed of the pile and driver immediately after the impact. The ground provides a constant resistance
to the motion of the pile driver of magnitude 120,000 N.

¢ Find the distance that the pile driver is driven into the ground before coming

Solution:
a
vV =uw+2as Motion under gravity|

V2 =2x10x9.8

V =14ms 1

b
CLM (| ) Momentum is conserve.
1000x 14 = 1200v
|
Vv =3 ms
Cc
120 000 [R (1) . firstfind the deceleratioj.
% T 1200y - 120 000 = 1200a
1200 kg
v l a = —-90.2
1200 g
v =u?+20g( | ) [Using u= answer from par.|
02=(3)2-2x90.2xs
s=0.75m (2sf.) [2 s.f. agy = 9.8 has been usdd.
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Dynamics of a particlemoving in a straight line
Exercisel, Question 8

Question:

ParticlesP andQ of massest® andm respectively are attached to the ends of a light inextensible string which passes
over a smooth fixed pulley. They both hang at a distance of 2 m above horizontal ground. The system is released from
rest.

a Find the magnitude of the acceleration of the system.
b Find the speed d¥ as it hits the ground.

Given that particl€) does not reach the pulley,

c find the greatest height th@treaches above the ground.
d State how you have used in your calculation,

(i) the fact that the string is inextensible,

(ii) the fact that the pulley is smoac

Solution:

a

The diagram should show all the forces and thg
accelerations.

T4 AT
Pl
M
al| P Q| a
v M
2 mg mg

2m
W

e e
ForP:R(|l), 2mg-T =2m a Resolve in the direction of the acceleration for
ForQ:R(1), T-mg =ma each mass.
ADD, [mg =3dm a

_ 1
a = 39
b

PhysicsAndMathsTutor.com
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ForPv2 =u?+2a g ||The acceleration is constz#]t.
5
2 - 2
V 2 % 3 X 2
-\
v 1 3

=36ms 1 (2sf)

c

ForQR( 1), -[mg=[ma Q now moves under gravity as the string is noy
slack.

V2 =u+2a s( 1),

9 _
0 3 20s

m INote that g cancel

JJ

S=

w N

2
. Height above =2 m

d
(i) In extensible string= acceleration of
both masses in equal.

(i) Smooth pulley = same tension in string|Learn this
either side of the pulley.
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Dynamics of a particlemoving in a straight line
Exercisel, Question 9

Question:

The diagram shows two blocRsandB, of masses 20 kg and 30 kg respectively, inside a cage of mass 10 kgABlock

on top of blockB. The blocks are being lowered to the ground using a rope which is attached to the cage. The rope is
modelled as a light inextensible string. Given that the blocks are moving vertically downwards with acceleration 0.8 m
s, find

athe tension in the rope,

b the magnitude of the force that bldBlexerts on blocld,

¢ the normal reaction between blcB and the floor of the ca¢

Solution:
a
T R( | ) ,forwhole system
0.8
v
Y
60 g
60g-T =60x0.8 Note that the reactions
T =588 - 48 between AandB, and
— 540 N between Band the cage
cancel.
b
R(| ), forA
R 20g-R =20x0.8 Include only the forces
R =196 - 16 acting on A
=180N
= 0.8
v
20g
c
R(] ) forB Include only the forces
actingon B

PhysicsAndMathsTutor.com
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S 30g+180-S =30x0.8
T 474 -S =24
S =450N
08 ‘ 180
Y
30g

An alternative would be to consider the cage ¢
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Dynamics of a particlemoving in a straight line
Exercisel, Question 10

Question:

A man, of mass 86 kg, is standing in a lift which is moving upwards with constant acceleration’2fins the
magnitude and direction of the force that the man is exerting on the floor of-

Solution:
1 By Newton's Third Law the action of the man o
RN the floor and the reaction of the floor on the m
are equal in magnitude, here labelledaRd in
9 ms-2 ' e Man opposite directions.
86 g
1!

/ Floor of Fit

—

F=ma
For the man As the numerical value 9.8 has been usedjfgou
R(1) R-86g=86x2 should give your answer to 2 significant figures
R =86x98+86x2 You should not give any answer to an accuracy

= 1014.8~ 1000 greater than the data you have used to calcula
that answer.

The reaction on the man on the floor is of equal magnitude to the action of the floor on the man and in the opposite
direction.
The force that the man exerts on the floor of the lift is of magnitude 1000 N (2 s.f.) and acts vertically dov

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Mechanics 1

Solutionbank M1

Pagel of

Edexcel AS and A Level Modular Mathematics

Dynamics of a particlemoving in a straight line
Exercisel, Question 11

Question:

1

A car, of mass 800 kg and travelling along a straight horizontal road. A constant retarding Folteenfuces the spe

of the car from 18 m 310 12 m s lin 2.4 s. Calculate
athe value of,

b the distance moved by the car in these :

Solution:

Positive direction

)

ams=
RN
FN
 §
800 g
T
a
u=18,v=12 ,t=24 ,a= ?
Vv =u+at
12 =18 + 2.4a
12 - 18
a = >4 = -25
F =ma

-F =800x -25= -200G F =2000

b
u=18,v=12 ,t=24 ,s= ?
u+v

()t

= () x24=15x25=36

S

The distance moved by the car is 3¢
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You are going to have to use=Hma to find
F. So the first step of your solution must be
find a.

to

The retarding force is slowing the car dowr
and is in the negative direction. So, in the
positive direction, the force is F.

You could use the value ofyeu found in pa
a and another formula. Unless it causes yq
extra work, it is safer to use the data in the
guestion.

u
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Dynamics of a particlemoving in a straight line
Exercisel, Question 12

Question:

Two particlesA andB, of mass 0.2 kg and 0.3 kg respectively, are free to move in a smooth horizontal groove.Bhnitially
is at rest and\ is moving toward with a speed of 4 msk. After the impact the speed Bfis 1.5 m s L. Find

athe speed o after the impact,

b the magnitude of the impulse B on A during the impac

Solution:
Positive direction
-
Before 4ms?
-
51 o
A\ .:3'4:\: B | 03kg |
Mol N
— —i~
After vmsg 1.5ms!
a
Conservation of linear momentum A full formula for the conservation of momentum i
02x4 =02xv+0.3x%x1.5 MyU, + Mgl = MV, + Mvg. In this case the
0.8 =0.2v+ 0.45 velocity of B is zero.
0.8 - 0.45
% = —%, -175
The speed oA after the impact is 1.75 nis.
b
Consider the impulse of A It is a common mistake to mix up the particles. THe
Il =mv-mu impulses on the two particles are equal and opposite.
=02x175-02x4 Finding the magnitude of the impulse, you can
=0.35-08= — 045 consider either particle — either would give the same

magnitude. However, you must work on only one
single particle. Here you can work oroAB but not
both.

The magnitude of the impulse Bfon A
during the impact is 0.45 N s.
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Dynamics of a particlemoving in a straight line
Exercisel, Question 13

Question:

A railway truckP of mass 2000 kg is moving along a straight horizontal track with speed I3.rTise truckP collides
with a truckQ of mass 3000 kg, which is at rest on the same track. Immediately after the c@llisioves with speed
5m s~ L Calculate

athe speed oP immediately after the collision

b the magnitude of the impulse exertedP onQ during the collisior

Solution:
Before 10m s
e At rest
A
P (2000 kg @ (3000 kg
Ny ot S zi
—_—= —=
After vms1 5mst

a Conservation of linear momentum

2000 x 10 =2000 » + 3000 x 5

20 000 = 2000w 15 000
20 000 - 15 000
\Y} = T 00 - 2.5

The speed oP immediately after the collision is 2.5 nT .

b
For Q To find the magnitude of the impulse you could
Il =mv-mu consider either the change in momentunPadr
| =3000x5-3000 %0 =15000 the change of momentum of @ou must not mix
them up.

The magnitude of the impulse P onQ is 15 000 N s
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Dynamics of a particlemoving in a straight line
Exercisel, Question 14

Question:

A particleP of mass 1.5 kg is moving along a straight horizontal line with speed 3'mAsother particleQ of mass 2.
kg is moving, in the opposite direction, along the same straight line with speed 4 e particles collide.
Immediately after the collision the direction of motiorPds reversed and its speed is 2.5 mts

a Calculate the speed @fimmediately after the impact.

b State whether or not the direction of motiorQois changed by the collision.

¢ Calculate the magnitude of the impulse exerteQ onP, giving the units of your answ

Solution:
Eosive Tircoon . [You do not know which direction @ill be moving ir
after the impact. Mark the unknown velocity as
Before ~ 3ms1 4ms1 [VMS Lin the positive direction. After you have
- «+— |\worked outv, the sign of wvill tell you the direction
e —  ||Qis moving in.
I, e,
Pl 1.5kg _.| Ql 25kg |
L i
- -
After 25mst vms!

a Conservation of linear momentum
15x3+25x (-4) =15x ( -25) +25«

45-10= -3.75+ 2.5v
25v=45-10+3.75= - 1.75

vz - X2 - _o7 The sign ofv is negative, so @ moving in the
2.5 negative direction. It was moving in the negative
direction before the impact and so its direction ha
changed.

The speed o) immediately after the impact is 0.7 m &
b The direction ofQ is unchanged.

cForP, I =mv-mu
I=15x ( -25) -15%x3=8.25
The magnitude of the impulse exertedQ onP is 8.25 N s
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Dynamics of a particlemoving in a straight line
Exercisel, Question 15

Question:

A particle A of masam is moving with speedi2in a straight line on a smooth horizontal table. It collides with another
particleB of masskmwhich is moving in the same straight line on the table with spéethe opposite direction .

2
In the collision, the particles form a single particle which moves with speed the original direction of's motion.

Find the value ok.

Solution:
Positive direction . After the collisionA (of masam) and B(of mass
km) combine to form a single particle. That
Before 2 ” particle will have the mass which is the sum of the
- e two individual massesn + km.
e (o )
gl km |
\ / L 4
7N
After A+HII m+km\:
\ /
N
-

Zu

Conservation of linear momentum The total linear momentum before impact must

mx2u+kmx ((-u) = (m+km) x 24 equal the total linear momentum after impact.
3 ||ParticleB is moving in the negative direction
before the collision and so it has a negative lingar

momentum.
2 2 :
omu-kmu = 2mu+ 2kmu mandu are common factors on both sides of thp
3 3 equation and can be cancelled.
2 2
2mu - AUy = kmu + gkmu
4 5
nfu = 2l
3 3
4 3 4
= - X — = =
k 3" 5 5
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Exercisel, Question 16

Question:

A block of mass 0.8 kg is pushed along a rough horizontal floor by a constant horizontal force of magnitude 7 N. The
speed of the block increases from 2 migo 4 m s~ 1 in a distance of 4.8 m. Calculate

a the magnitude of the acceleration of the block,

b the coefficient of friction between the block and the fl

Solution:
Posilive direction You should begin by drawing a diagram which sh@ws
A - all of the forces acting on the block and the
acceleration of the block.
7N RN
I ams=2
- >

= 08gN

a
u =2,v=4,s=48,a= ?
v2 = u? + 2as
42 =22+ 9.6a
16 -4
a = Y =1.25

The magnitude of the acceleration of the block is 1.25h s

b
R(1) R-0.8g=0
R =0.8g
F=uR = 10.89
F =ma
R(—) 7-F=08x15 Newton's Second Law is a relation between vect
F=7-08x15 =7-1=6 guantities and so you must be careful with the
directions of forces. In this case, the force of 7 N
pushing the block is in the positive direction and the
friction force of FN is in the negative direction.
From *
©0.8g =6 As a numerical approximation for g has been used,
_ 6 _ 6 you should correct your final answer to 2 significapt
K= 08 = osxos_ 0765 figures.
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The coefficient of friction is 0.77 (2 s.f.
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Exercisel, Question 17

Question:

A particle is sliding with acceleration 3 m 8 down a line of greatest slope of a fixed plane. The plane is inclined at 40

to the horizontal.

Calculate the coefficient of friction between the particle and the |

Solution:

Hxh\:if\f*;//};w
T

mg N

\3'1152
i

T

R(~-) R-mg cos 40° =0

R=mg cos 40°

Friction is limiting
F=uR
R(N)
[mg sin 40° -/ mg cos 40°
g sin 40° -3 _ 9.8 sin 40° -3
9.8 cos 40

=umg
=ma

- g

mg sin 40° -F

g cos 40°

The coefficient of friction between the
particle and the plane is 0.44, (2 s.f.).

© Pearson Education Ltd 2C
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You are given no value for mass of the particle an
you will need to have an expression for the weigh
the particle. Let the mass of the particle blegnthen
the weight of the stone rag N.

d

You could multiply 9.8 by cos 40 using your
calculator here but, in general, it is advisable to d¢
of the calculation, in one go, at the end of the
question. This avoids rounding errors.

cos 40°

=0.4394 ...

As a numerical value of g has been given, you sh
give your answer to 2 significant figures unless th

question instructs you otherwise.

124
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Exercisel, Question 18

Question:

A pebble of mass 0.3 kg slides in a straight line on the surface of a rough horizontal concrete path. Its initial speed is 12.6
3

m s~ L. The coefficient of friction between the pebble and the path is

a Find the frictional force retarding the pebble.

b Find the total distance covered by the pebble before it comes

Solution:
a
RN
TN ?
| ,' ams
Z FN N |/
03gN
¥
a

R(7)R-03g=0= R=0.3g
Friction is limiting

F=uR= §x0.3><9.8:1.26

s.f.). 2 significant figures in part a, in working
out the deceleration in part you should
use the value of 1.26 for the friction forcg.
All working should be carried out to at
least 3 figures.

b

F =ma The question has not asked you to work

R(— ) -126=0.3a the deceleration but you could not find qut
1.26 s without working out a first. You have tq

a =~ %3 - " 4.2 see this kind of step for yourself.
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u=126,v =0,a= —-4.2 ,s= ?
V2 = U2 + 2as
02 = 12.6¢ - 8.4s
s - 126 _1g9
8.4

The total distance covered by the pebble before it

comes to restis 19 m (2 s.f.).
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Exercisel, Question 19

Question:

A particle moves down a line of greatest slope of a smooth plane inclined at afl tmtle horizontal. The particle
starts from rest and travels 3.5 m in time 2 s. Find the valsin 6.

Solution:
- RN _,r’ You are given no value for mass of the
""'=~--.5._": e : particle and you will need to have an
= s 0 2 expression for the weight of the particle
g N - .
- I i Let the mass of the particle bekap, then
3 3 3 3 the weight of the stone is mg N. As ofte
u=0,s=35,t=2,a=7? happens, the ran later be removed fron
s =ut+ iatz the working, using the usual processes pf
2 algebra.
1
35 =0+3ax2?=2a
3.5
a == 1.75
R(~-) [mgsn 6=[ma There is no friction in this question and the
only force acting on the patrticle parallel {fo
175 5 : :
sin 0 = 58 = 28 the plane is the component of the weigh

the particle. There is an exact answer hgre
which can be left. However a decimal
answer, sind = 0.18, would be
acceptable.
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Exercisel, Question 20

Question:

A man of mass 80 kg stands in a lift. The lift has mass 60 kg and is being raised vertically by a cable attached to the top
of the lift. Given that the lift with the man inside is rising with a constant acceleration of 0.,rfired, to two

significant figures,

a the magnitude of the force exerted by the lift on the man,

b the magnitude of the force exerted by the cable on the lift.

The lift starts from rest and, 5 s after starting to rise, the coupling between the cable and the lift suddenly snaps. There is
an emergency cable attached to the lift but this only becomes taut when the lift is at the level of its initial position. After
the coupling snaps, the lift moves freely under gravity until it is suddenly brought to rest in its initial position by the
emergency cable. By modelling the lift with the man inside as a particle moving freely under gravity,

c find, to two significant figures, the magnitude of the impulse exerted by the emergency cable on the lift when it brings
the lift to rest.

The model used in calculating the value required in@imores any effect of air resistance.

d State, with a reason, whether the answer obtainedsihigher or lower than the answer which would be obtained
using a model which did incorporate the effect of air resist

Solution:
a
1 R N is the normal reaction of the lift on tpe
RN man. The only forces on the man are th
reaction and his weight. The cable has fo
G riesa ' direct contact with the man and you shqpld
not include this in your equation.
80gN
T
R(1) R - 80g=280 x 0.6
R =80x%x9.8+80x0.6=832

The magnitude of the force exerted by the lift on the
man is 830 N (2 s.f.).

b

Combining the man and the lift, and modelling them
as a single particle of mass 140 kg

There is a reaction of the lift on the man
and an equal and opposite reaction of the
man on the lift. When the lift and the mgn
0.6 m s-2 are combined, these cancel out and you
need not consider them when writing dd
the equation of motion of the man and i

combined. [ﬁ

™

140g N
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F =ma
R(1) T -140g=140 x 0.6
T = 140 x 9.8 + 140 x 0.6 = 1456

The magnitude of the force exerted by the cable on
the lift is 1500 N (2 s.f.)

Cc
To find the speed of the lift when the cable breaks,

take theupward direction as positive.
u=0,t=5,a=06,v=7?

v —u+at=0+06x5=3

To find the distance travelled before the cable breaks,
take theupward direction as positive.
u=0,t=5,a=0.6,s= ?

After the cable breaks, takiewnwar ds as positive.

u =-3,a=98,s=75,v= 7 The emergency cable reduces the lift to

V=l +2as=32+2x98x%x75=156 rest. To find the impulse, you need to fird

v = V156 thg _speed V\_th which the I|f_t returns to it$
original position. After the lift breaks, the

I =mv-mu lift falls freely under gravity. Its

| =0-140V156= - 1748 ... acceleration is no longer 0.6 m €

The magnitude of the impulse exerted by the upwards but 9.8 m s 2 downwards.

emergency cable on the lift when it brings the lift t
restis 1700 N s (2 s.f.).

d
Air resistance would reduce the speed of the lift as it
falls and so the impulse would be reduced.

© Pearson Education Ltd 2C
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Question:

A box of mass 2 kg is pulled up a rough
plane face by means of a light rope. The

plane is inclined at an angle of 2o the

horizontal, as shown in the figure. The rop

is parallel to a line of greatest slope of the

plane. The tension in the rope is 18 N. Th
coefficient of friction between the box and 20°
the plane is 0.6. By modelling the box as a
particle, find

18 N

a the normal reaction of the plane on the box,

b the acceleration of the bt

Solution:

b ams—=2
'1.. ___,_,.:-"%
_.-""

RN "'-,'."' 18 N -#___',- #J_F__.d-u.r.

R(~-~) R-2gcos 20° =0 The weight 2g N has components

erpendicular and parallel to the
R=2gcos 20° =18.41797 .. [PPe o e
o

\ Y2g
2g cos 207

The normal reaction of the plane on the box is 18 \
s.f.). \20°

X

plane \

b
Friction is limiting

There are three forces acting on the box in
the direction parallel to the plane. The

PhysicsAndMathsTutor.com
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E=,R =0.6x18.41797 ... tension in the rope acting up the plane,
a =11.0507 ... the friction force and the component of
R(\) weight acting down the plane. Than
- F-2gsin 20° =2a F = ma is the vector sum of these three
18 f
orces.
18 - 11.0507 ... —6.70359 ... =2a
2a =0.2456 ... > a=0.1228 ...

The acceleration of the box is 0.12 m 15(2 s.f.).
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Exercisel, Question 22

Question:

A sledge has mass 30 kg. The sledge is
pulled in a straight line along horizontal
ground by means of a rope. The rope mal

an angle 20 with the horizontal, as showr
in the figure. The coefficient of friction
between the sledge and the ground is 0.2
The sledge is modelled as a particle and tere
rope as a light inextensible string. The
tension in the rope is 150 N. Find, to three
significant figures,

a the normal reaction of the ground on the sledge,
b the acceleration of the sledge.
When the sledge is moving at 12 m% the rope is released from the sledge.

c Find, to three significant figures, the distance travelled by the sledge from the moment when the rope is released to the
moment when the sledge comes to

Solution:

The tension in the rope has components i
the vertical and horizontal directions.

RM

! 150 /
oyt / A 150 sin 20°

Y 150 cos 20°

a
R (RT ) + 150sin 20° -30g=0
R = 30g- 150 sin 20°

=30 x 9.8 - 150 sin 20 =242.69 ...

The normal reaction of the ground on the sledge is
N (3 s.f). This question asks you to give answers tq 3
significant figures. Usually when a

numerical value of is used you correct to
significant figures, but in all A level paper
you must follow the instructions given in &

NJ
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particular question. From time to time the
conditions in a question may vary.

b
Friction is limiting
F=uR=0.2x242.69 ... =48.539 ...
R(—) _
150cos 20° — 48.539 ... = 30a
a= 150 cos 20 - 48.539 ... = 3.080 ...

30

The acceleration of the sledge is 3.08 g3 s.f.).

C

RN ams=2
FN
)
30g N
R(1) R-30g=0= R=30g The only force acting in a horizontal
Friction is limiting direction is the friction forqe. However, with
the removal of the rope, this has changed.
F =uR=0.2 x 30g= 69 The friction force depends on the normal
R(—) - F=30a reaction and that is now 369294 N. It was
- 6g about243 N in par&. It has increased with
a = 3 - 196 the removal of the rope. Assuming the
friction and the normal reaction are
u =12,v=0,a= -196,s= 7? unchanged is a common error. You must
V2 = u2 + 2as start again, draw a fresh diagram and work
5 through the question again, resolving in g
0? =12 -2x1.96 xs directions.
= 12 -36734..
2x1.96

The distance travelled by the sledge is 36.7 m (3 s.f.).
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Question:

A metal stake of mass 2 kg is driven vertically into the ground by a blow from a sledgehammer of mass 10 kg. The
sedgehammer falls vertically on to the stake, its speed just before impact being’d im & model of the situation it is
assumed that, after impact, the stake and the sledgehammer stay in contact and move together before coming to rest.

a Find the speed of the stake immediately after impact.

The stake moves 3 cm into the ground before coming to rest. Assuming in this model that the ground exerts a constant
resistive force of magnitud® newtons as the stake is driven down,

b find the value oR.

¢ State one way in which this model might be refined to be more re:

Solution:

a

defore After After impact, the sledgehammer
and the metal stake move togethr.
You model the sledgehammer a

stake as a single particle of massg

Sledgehammer | 10 kg lgm st
12 kg vmsKkg.

Y
F
2 kag/ a'f
III|| .'|l \'J.'
Stake \ | Oms1 /
I".II,-'IE
Conservation of linear momentum
10x9+2x0 =12 x
90
V= > =75
The speed of the stake immediately after impact is The model given in the question
75ms 1 assumes that the stake and

sledgehammer stay in contact and
move together after impact, before
coming to rest. Although the

guestion only refers to the stake,
you must consider the stake and
sledgehammer as moving togethir,
with the same velocity and the
same acceleration, throughout the
motion after the impact.

PhysicsAndMathsTutor.com
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'
RN
. la"ns:f
12g N
Y
u =75,v=0,s=0.03,a= ?
V2 = U2 + 2as
02 =75 +2xax0.03
a = 1% _ _9375
0.06
F =ma

12g- R=12x ( - 937.5)

R =12 x9.8+12 x937.5 =11367.6

=11000 (2sf.).

¢ The resistanceR) could be modelled as varying with spe
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Exercisel, Question 24

Question:

The particles have mass 3 kg an#gnwhere

m < 3. They are attached to the ends of a light

inextensible string. The string passes over a

smooth fixed pulley. The particles are held in

position with the string taut and the hanging p

of the string vertical, as shown in the figure. Tl

particles are then released from rest. The initii3 kg mKkg

. . .3
acceleration of each particle has magnltg@e

Find

athe tension in the string immediately after the particles are released,

b the value om.

Solution:

a

=
¥ \H-_-F’/:IF

T™ & A TN

ams=2 agNl lrr?gN

For the 3 kg mass
R(])F=ma

ams=2

3g-T =3><%g

9 12
T=3g- -9= 79

The tension in the string g g N.

b
For the mkg mass

PhysicsAndMathsTutor.com
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As m< 3, the 3 kg mass will move
downwards and the kg mass will move
downwards.

Newton's second law is a relation betwe
vectors and the forces must be given th

is in the same direction as the accelera
and the tension in the string is in the
opposite direction.

correct sign. For the 3 kg mass, the weitﬂ;ht

en
Bir

on

The answer can be left in this exact forn
and, in this question, leaving the tensior

this form leads to g cancelling in part b

‘For the mkg mass, the tension is in the ‘
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F =ma

R(1T)

T-mg 3

=mX ;g
Using the answer to paat
12 3
Yg-nfg= Snig

12 10
— = —m=>m=1.
7 7 1.2
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weight is in the opposite direction.
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Exercisel, Question 25

Question:

A(0.5kg)

g

4

B(0.8kg)

A block of woodA of mass 0.5 kg rests on a rough horizontal table and is attached to one end of a light inextensible
string. The string passes over a small smooth p#liéyed at the edge of the table. The other end of the string is
attached to a baB of mass 0.8 kg which hangs freely below the pulley, as shown in the figure. The coefficient of
friction betweerA and the table is. The system is released from rest with the string taut. After reBasscends a
distance of 0.4 m in 0.5 s. ModellirgandB as patrticles, calculate

a the acceleration @3,
b the tension in the string,
c the value ofi.

d State how in your calculations you have used the information that the string is inexi

Solution:
'
HN. ams=2
>
A TN
AN )
S ali
0.5gN 1
! ATN
amsg?
E|@
08gN
Y
aForB
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u =0,s=04,t=05,a=?
_ 1.0
S = ut + 2at
1 1
Q4-o+5axa§_ga
a =8x04=3.2

The acceleration d is 3.2 ms2.

b ForB

F =ma
0.8g—-T =0.8x3.2

T=08 x 9.8-0.8%x3.2=5.28

The tension in the string is 5.3 N (2 s.f.).

c ForA
R(1) R-050=0=R=0.5

Friction is limiting

F = uR = 10.5¢g
R(—) T-F=ma
5.28 - 10.5g=0.5 x 3.2
528 -0.5% 3.2
u = T obxos - 0.751 ...
=0.75 (2s.f.)

Page2 of 2

As the numerical valug = 9.8 has been used, ygu
should correct your answer to 2 significant figufles.

It is a common error to include the weight@id
this equation. The weight acts vertically
downwards and has no component in the
horizontal direction, which is the direction you dre
resolving in. The weight does, however, affect the
friction force.

Although you, correctly, gave the answer for th
tension to two significant figures in par; &l
working should be given to at least 3 significan

figures, so you should uge= 5.28 here.

d The information that the string is inextensible has been used when, @) th&racceleration &f has been taken equal

to the acceleration (B obtained in pata.
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Question:

Two particlesA andB, of massnkg and 3 kg respectively, are connected by a light inextensible string. The paiticle
held resting on a smooth fixed plane inclined at 30 the horizontal. The string passes over a smooth pRlifixed at

the top of the plane. The portié® of the string lies along a line of greatest slope of the plan® &aigs freely from

the pulley, as shown in the figure. The system is released from re® waiith height of 0.25 m above horizontal ground.

2
Immediately after releasB,descends with an accelerationzg. Given thatA does not reacR, calculate

a the tension in the string whigis descending,

b the value om.

The particleB strikes the ground and does not rebound. Find
¢ the magnitude of the impulse exertedBgn the ground,

d the time between the instant wtB strikes the ground and the instant wiA reaches its highest poi

Solution:
,«':; P
LT
f/({lam 0.25m
B O S I R TP
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ForB F =ma
3g-T =3><§g
T=3g- 2g = <g=17.64

The tension in the string whilgis descending is 18 N, to 2 significant figures.

b
_ _ 1,
ForA F = ma sin30 ° = 7 is the exact value.
_ 2
R(~) T-mgsin30° =mx =g

9 1 2
- Lmfg - Zmlg

9
2 5o m=
c m=2

l+3 _ S
(2 5)m_1om

¢ To find the speed @& immediately before it strikes the ground

As the particle does not rebound, the velocity gf B
after it strikes the ground, is zero.

u =0,a= ég,s=0.25,v: ?

W =2 +2a5=02+2x g% 0.25=1.96

=nmv-mu
=3x0-3x14= -42

The magnitude of the impulse exerted bgrBThe impulse | calculated here is the impulse

the ground is 4.2 N s. exerted on By the ground — it is upwards.The
impulse asked for is equal tan magnitude but is
in the opposite direction.

v = V1.96=1.4
|
|

d
After B strikes the ground, for A After B strikes the ground, there is no tension if
R(\) ~[mgsin30 ° =[ma the string and the only force acting omp&allel to
1 the plane is the component of its weight acting
a = -39 down the plane.
U=14,v=0.a= - 19 t= The approximate answer, 0.28 s, would also bd
2 acceptable.
vV =u+at

2
The time between the instants;is S.
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