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Exercise A, Question 1

Question:

Whenever a numerical value of g is required take g =9.8m s,

Calculate the wotlk done by a horizontal force of magnitude 0.6 M whichpullz a
patticle a distance of 4 2 m across a horizontal floor,

Solution:

otk done = Fxs
=0.6xd.2
=282

The wortl: done 13 2.52 T
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Exercise A, Question 2

Question:
A box iz pulled 12 m across a smooth horizontal floor by a constant horizontal force.
The work done by the force 12 102 T Calculate the magnitude of the force.

Solution:

otk done = Fxs

102 = Fx12
_ o2
F —W—B.S

The magnitude of the force 15 8.5
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Exercise A, Question 3

Question:

Calculate the work done against gravity when a particle of mass 0.35 kg iz raised a
vertical distance of 7 m.

Solution:

Wotk done against gravity = magh
=035x98x7
= 24.01

The work done against gravity 15 24.0 T
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Exercise A, Question 4

Question:

A crate of masze 15 kg is raised through a vertical distance of 4 m. Calculate the wotk
dene against gravity.

Solution:

Wotle done against gravity = mgh
=15x38x4
= 588

The work done against gravity is 988 T
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Exercise A, Question 5

Question:

A boxis pushed 15 m across a horizontal surface. The box movwes at a constant speed
and the resistances to motion total 22 M. Calculate the wotk done by the force

pushing the box
Solution:
»‘ Oms2
“ o acceleration, so the force
pushing the box has the same
22N = - | = F magnitude as the resistances.
F=22

Worle done = Fxs
=22%15
= 330

The worl done by the force pushing the box is 330 1
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Exercise A, Question 6

Question:

A ball of mass 0.0 kg falls vertically 15 m from rest. Calculate the wotk done by
gravity.

Solution:

Wotl dene by gravity = mgh
=05x38x15
=735

The work done by grawvity 1 735 T
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Question:

A cable 15 attached to a crate of mass 80 kg The crate is raised vertically at a constant
speed from the ground to the top of a building. The work done in raising the crate 15
30 kI Calculate the height of the building.

Solution:

Worlk done = megh
30x1000 =80x9.8 A

1 1kI=10007T

o 30000
Blx 9.8
ko=3826

The building 15 283 m high.
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Question:

A sledge 15 pulled 14 m across a horizontal sheet of ice by a rope inclined at 25° to
the horizontal The tension in the rope 15 18 M and the ice can be assumed to be a
smaooth surface. Calculate the worle done,

Solution:

e I8N

.-"-d

.-"'f
5 750

Worlk done = 18cos 25" %14
=208 73 *+— Work done = horizontal component of tension x

horizontal distance moved

The worle done 15 228 1.
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Exercise A, Question 9

Question:

A parcel of mass 3 kg is pulled at a distance of 4 cm across a rough horizontal floor,
The parcel moves at a constant speed. The wotle done against friction 1s 30 T,
Calculate the coefficient of friction between the parcel and the surface.

Solution:
K
i
F=-— — T
T
g N
Work done = Fxg
A0 =T=4
=75
= ma 4+— The parcel moves at a
T5—F =10 constant speed so the
F =75 acceleration is Oms™.
E{T) R=mg
E=3x538
Friction iz limiting 7 = u&
To= w398
= 75 =0.2551
ax B A

The coefficient of friction 15 0.255.
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Exercise A, Question 10

Question:

A block of wood of mass 2 kg iz pushed across arough horizontal floor. The block
moves at 3m s and the coefficient of friction between the block and the floor is

0.55. Calculate the worle done in 2 seconds.

P lms?

Solution:
R
A
F — T
Y
2g N
W=0.55
Kil): R="2g

Friction is limiting

F=uk

F=05%x2g
E{—) T-F=0

T=0535x2g

Wotlk done = F e
=05x2gx (3=
=055x2x9 86
= 64,68

The wotk done 13 647 I
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Exercise A, Question 11

Question:

A girl of masz 52 kg climbs a vertical clift which iz 46 m high. Calculate the work
she does against gravity.

Solution:

Work done against gravity = magh
=52x 9 Bx 46
= 23441

The work done against gravity is 22 400 T,
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Exercise A, Question 12

Question:

A child of mass 25 kg slides 2 m down a smooth slope inclined at 35° to the
horizontal. Calculate the worle done by gravity.

Solution:

Y
25g N

Wotle done by gravity = mgh

=25x9.8x(2sin 35")  *—— Vertical distance

=221.0 moved =2an 35

The wortl done by gravity is 281 T,
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Exercise A, Question 13

Question:

A particle of masze 0.3 kg iz pulled 2 m up a line of greatest slope of a plane which i=

mclined at 25° to the horizontal Assuming that the particle moves along a line of
greatest slope of the plane, calculate the work done against gravity.

Solution:

0.3g N

Work done against gravity = megh
=03x89.8x{2sin 257
= 2484

The worl done against gravity is 248 T,
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Exercise A, Question 14

Question:

A rough plane surface 1z inclined at an angle arcsin % to the horizontal & packet of

tnass B kg is pulled at a constant speed up a line of greatest slope of the plane. The
coefficient of firiction between the packet and the plane 12 0.3

a  Caleulate the magnitude of the frictional force acting on the packet.
The packet moves a distance of 15 m up the plane. Calculate
b the work done against friction,

¢ the work done against gravity.

Solution:
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R
Oms— —f‘:.\ fl
.-"":“'-‘T‘r 1\:-\#' I T ]
s ¥
!" _ -
_.,-'.-f‘"f
e
f,_.—-'""- i
7
g N
a
Ei(~) R=8gcosd
- ggx 2 —]
13
Friction is limiting:
F=ur
F = 0.3x8x9.8x 12
=2171

et

=03

Lraw a small right-
angled triangle to show
information about .
TTze exact values for
sind and cosd.

The frictional force has magnitude 21.7 .

h

Wotlt done against friction = F s
=21.71x15

=3254
The wortl done against friction 15 326 T,

c
Wortle done against gravity = mgh
=8x 9 8x(19sin

_ 5
—8x93x@5xﬁ)

=4523
The work done against grawity 18 452 T
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Exercise A, Question 15

Question:

A particle P of mass 2 kg is projected up a line of greatest slope of a rough plane

which is inclined at an angle arcsin % to the horizontal. The coefficient of friction

between F and the plane 1z 0.35. The particle travels 3 m up the plane. Calculate the

wotk done by friction.

Solution:
R
oy
T Pl
LY --____.-‘
! _.-'"-}:_:."".f-.
e
~ 8
20 N

Ei{~) R=Z2gcosf
R =2x9.8x3
Friction 15 limiting
F=ur
F=035%2x9.8% 5

Wotl done = Fx s
:035x2x93x§x3

=16 .46
The worlk done by friction 15 165 T
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Exercise A, Question 16

Question:

A rough surface 1z inclined at an angle arcein ;—5 to the horizontal. A patticle of mass

0.5 kg 1z pulled 3 m at a constant speed up the surface by a force acting along a line
of greatest slope. The only resistances to the motion are those due to friction and
gravity. The wotlk done by the force iz 12 J. Calculate the coefficient of friction
ketween the particle and the surface.

Solution:
R
Oms -"':x. 1 -
_/c?? x_\J - .--':__.-"
L
~ i 2
../"’II.'
-
-."'?-)..FJ
_~6
A
0.5z N
E{")E=05gco:f e
24 G
= i -— -
0. 5g ot T _.--"""J— 7
RO _ o
24
F+0sgand=T

Friction is limiting : F = 4R
F :,uxtl_ﬁgx%

_ 24 7
T = Iu.>-<liil.ﬁg>-<ﬁ+lifl.5g><E

Work done by force = Fxs
12=Tx3
T =4

e 24 7
sS4 = #xﬂ.igxﬁ—i—ﬂ.igxﬁ

7
5 4—05x Q.SXE

24
0.5><9.8><ﬁ

W@ =105586
The coefficient of friction 15 0,555,
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Exercise A, Question 17

Question:

A rough surface 15 inclined at 40° to the horizontal. A patticle of mass 1.5 kg 15
pulled at a constant speed up the surface by a force Tacting along a line of greatest
slope. The coefficient of friction between the particle and the surface 15 0.4, Calculate
the worl: done by Twhen the particle travels 8 . You may assume that the only
resistances to motion are due to gravity and friction

Solution:
I
Oms ".x".-:\ T
ﬁT .x'x --':.-H/"""/
/ . f"’.—'
F "‘#:;_.-'"
""-'
.-"’-'
,f"‘; 4
NE
1.5g N
=104

BRI R=15gcoes 400

Friction is limiting 1 5 = puR
F =04x15gcos40’
R

T=F41igsndl’
TF=04x15gcos40" 4+1.5g sin 40°
Wotlt dene by T =Txs
=04x15gcosdl” +15gsndl" ) xs
=1116

The work done by Tiz 1127
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Exercise B, Question 1

Question:

Whenever a numerical value of g is required take g =9.8m s,
Calculate the kinetic energy of

a aparticle of mass 0.3 kg moving at 15m s~

b aparticle of mass 3 kg moving at 2m s

¢ aboxofmass Skgmoving at 7.5m s

d an arrow of mass 0.5 kg mowing at 200 m s~

e aboyof mass 25 kg running at 4 m s~

f aball of mass 0.4 kg moving at 15m s~

g acar of mass 800 kg moving at 20m s~

Solution:

a KE.=3mv’ =2x0.3x15* =33.75=33.8]
b RE.=lm=1x3x2"=6]

¢ KE =gmv' =2x5x7.5" =140.625=141]
dKE=zm =2x05%200° =10000]

e KE=zm’=2x25x4' =200]

f RE.=m/ =1x04x15 =45]

g KE =2/ = 2x800x20% =160 000 ]
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Exercise B, Question 2

Question:

Find the change in potential energy of each of the following, stating in each case
whether it 15 a loss or a gain:

a aparticle or mass 1.5 kg raised through a vertical distance of 3 m

=

awoman of masz 55 kg ascending a vertical distance of 15 m

aman of masz 75 kg descending a vertical distance of 30 m

[T

a lift of mass 280 kg descending a vertical distance of 6 tm

a-]

a man of mass 70 kg ascending a vertical distance of 36 m

==

a ball of mass 0.6 kg falling a vertical distance of 12 m
g alift of mass 300 kg ascending a vertical distance of 16 m

Solution:

aganof PE =mgh=10x%8x3=44 11

b gain of PE =mgh=53x98x15=80857
clossof PE =mgh="70x98x30=22030T
dlossof PE =mgh=530x9 8x6=34104T

e gain of PE =mgh =T0x9 Ex36=24 63617
flossof PE =mgh=06x28x12=T056=T06T
g gain of PE =mgh =500x9 8x16=1254407
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Exercise B, Question 3

Question:

A particle of mass 1.2 kg decreases its speed from 12m s™ to 4 m s~ Calculate the

decrease in the particle’ s kinetic energy.

Solution:
Decreasein EE. = %muz —%wp2
_ 1 o] 2
= j>-<1.2>-<12 j><1.2><4
=763

The decrease in the particle's EE 15 76 8 1
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Question:

A wan of mass 900 kg increases its speed from 5m s™ to 20m 7', Calculate the
increase in the van’s kinetic energy.

Solution:
i | a1 2
Increasein EE. = = #V" — =
= %x 900 20° —%xQUUx 5
= 168750

The increase in the van's K. E 15 168 750 T
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Exercise B, Question 5

Question:

1

A particle of mass 0.2 kg increases its speed from 2m s to vm 5™ . The particle’s

kinetic energy increases by & I Calculate the value of v

Solution:
; 1 2 1 2

Increasein K.E.=jmv — il

6 :%XU.Exvg—%xU.Exf

6 =01 —04

e :E:@

0.1
v=8 [w=0

The wvalue of v 15 8.
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Exercise B, Question 6

Question:

Anice-skater of mass 45 kg is initially mowving at 5m s She decreases her kinetic
energy by 100 T Calculate her final speed.

Solution:

Decteazein K E = %mug —ljmv2 +—— —peed is positive.
100 = %x45>< 52 —%x45v2
100 =562.5— 22 G

, 4625

"P O ek
525

v = 44533

v=4533 =0
The skater's final speed is 4.53m s}
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Exercise B, Question 7

Question:

A playground side 15 a plane inclined at 48" to the horizontal. A child of maszs 25 kg
slides down the slide for 4 m. Calculate the potential energy lost by the child

Solution:
e e
Ry
5 e
ol o
& A4
W
25g N
P E lost = mmeh
=25x9.8x (4sin 48" | WVertical distance moved
= 7287 15 4ands".

The P.E. lostby the child 15 728 T
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Exercise B, Question 8

Question:

A ball of mass 0.6 kg 15 dropped from a height of 2 m inte a pond.

a Calculate the kinetic energy of the ball as its hits the surface of the water.
The ball begins to sink in the water with a speed of 4.8m s,

b Calculate the kinetic energy lost when the ball strikees the water,

Solution:
a
5 =2m
a=98%ms™
u fo e
v ="
v =ut+2as " 2 2
- TTee v =u° +2as to
v =042x9.8%2 find the speed of the
v =13972 ball as it hits the water.
K.E.=%mv2 =%><D.6><39.2
=117
The E.E. of the ball as 1t hits the surface of the water 12 11.8 T.
h
RBilos =t mnitomi
E lost = 5 mw” — o wmv
=11.76 — ;% 0.6x4.8”
=4 848

The K E lostby the ball i 4 85T
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Exercise B, Question 9

Question:

A lorry of mass 2000 kg is initially travelling at 35m s . The brakes are applied,

causing the lorry to decelerate at 1.2m s™ for 5 5. Calculate the loss of kinetic energy

of the lotry.
Solution:
u=35ms"!
a=—12ms?
i =53
v="1
v =1+t < Tse v=5+af to find
v=135-12%5 the final speed of the
v =20 lotry.
Lossof EE = %mg—%mv:"
= 2X 2000357 — 2 2000 29°
= 334 000

The loss of E.E. of the lorry 12 384 000 T,
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Exercise B, Question 10

Question:

A car of mass 750 kg moves along a stretch of road which can be modelled as a line
of greatest slope of a plane inclined to the horizontal at 20°. As the car moves up the
road for 500 m its speed reduces from 20m s to 15m s . Calculate

a the loss of kinetic energy of the car,

b the gain of potential energy of the car.

Solution:
‘_J.--”-\_\ -
> i \
N ___,-*"'f
\
a-*'<‘ 3
Y
750 N
a
Lossof EE. = %muz —%mv:"
= %x?ﬁDxEDg —%x?SUx]SE
= 65625

The loss of E.E. of the car 15 65 625 1.

b
Gain of PE = mgh

=T50x % 8y (500 2310 307)

= 1837500
The gain of P.E. of the car 1z 1 837 200 T
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Exercise B, Question 11

Question:

A man of mass 80 kg climbs a vertical cliff face of height & m. His potential energy
increases by 157 klI. Calculate the height of the cliff.

Solution:

Increase of P.E = mgh

157=1000 =80x9.84 —— 1kI=10001T
. 1571000
Bl 98
A =2002

The cliff 12 20.0 m high.
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Question:

Whenever a numerical value of g is required take g=9.8m s,

A particle of mass 0.4 kg falls a vertical distance of 7 m from rest
a Calculate the potential energy lost.

b By assuming that air resistance can be neglected, calculate the final speed of the

patticle.
Solution:
a
PE lost =mgh=04x28x7

= 2744
The P.E lostis 274 T

b
EE gained = %mvz —%mz
= 2x04xv? =0

DE lost =EE gained
9744 = %x0.4><v2

;2744
0.2
v=1171

The final speed of the particle is 11.7m 571,
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Exercise C, Question 2

Question:

A stone of mass 0.5 kg is dropped from the top of a tower and falls vertically to the

ground. Tt hits the ground with a speed of 12m s~ . Find
a the kinetic energy gained by the stone,

b the potential energy lost by the stone,

¢ the height of the tower.

Solution:
a
EE gained = %mvz —%mug
=%x05x1f—ﬂ
=36

The K E gained by the stone 1236 T

b
FPE lost =E.E gained

=367
The P.E. lostby the stone 15 26 T,

C

DE lost = mgh
36 =05x08xhk
36
 0.5%9.8
b ="T7346

The height of the tower 15 7. 35 m.
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Exercise C, Question 3

Question:

Aboxofmass 6 kg is pulled in a straight line across a smooth horizontal floor by a
constant horizontal force of magnitude 10 . The box has speed 2.5 m s when it

passes through point P and speed 5m 57 when it passes through point .
a Find the increase in kinetic energy of the box

b Write down the worlk done by the force.

¢ Find the distance PO

Solution:
= 2 5ms! = 5ms-!
6 kg }—» 10N bkg —»= ION
1 .. ‘ i
P 0
a
: 1 a 1 a
Increasein EE. = iV — o i
1 1
= wbxS —Ixhx2 s
2 2
= 56.25

The increase in EE of the box 15 56.3 T
b  The work done by the force 13 56 3T

c
Work done = Fxs +—Work done = change

56.25=10x%s il ENErgy

s :E:jﬁg
10

The distance P01z 563 m.
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Exercise C, Question 4

Question:

A particle of mass 0.4 kg moves in a straight line across a rough horizontal surface.
The speed of the particle decreases from 8m s™ to 4m s~ as it travels 7 m.

a Calculate the kinetic energy lost by the particle.

b Write down the work done against friction

¢ Calculate the coefficient of friction between the particle and the surface.

Solution:
> Bms-1 R R — 4 ms-!
i .zi‘*.
F < \,, F < {
€ 7m > |
W k3
O4de N 04 N
a
1 a1 2
EE lost = Zmu™ — _mv
2 2
1 1
B i><r;1.-4><82—j><£:u.-4><42
=96

The . E lost by the particle is 3.6 T,

b The wotk done against friction 15 3.6 ] +—————Work done = change

in energy
c
RiTy R=04g
Friction 1z limiting 7 = u&
F=0dg=n

Wotl done = Fxs
96 =0dgxux’?
9.6

= ———"="0.73498
049 87

The coefficient of friction 15 0.350.
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Exercise C, Question 5

Question:

A box of mass 3 kg s projected from point A of a rough horizontal floor with speed
6m s~ . The box moves in a straight line across the floor and comes to rest at point B

The coefficient of friction between the box and the floor 15 0.4
a Calculate the kinetic energy lost by the box
b Write down the worlk done against friction

¢  Calculate the distance A5,

Solution:
R > 6m s~ R > 0m s~}
A A
u
O | F € j |
A B|
L 4 b
JgN 3g N
a w =04
EE lost= lmug —lmvg
2 2
1
= x3IxE -0
2
=54

The kinetic energy lost by the box iz 54 T

h The work done against friction 15 54 T

c
R(T) R=3g
Friction iz limiting: 5 = uk
F =04x3g
Wotlk done = Fxe
24 =04x5gxa
g = 23 =4.5%1
0.4x3g

The distance A5 124 59 m.
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Exercise C, Question 6

Question:

A particle of mass 0.8 kg falls a vertical distance of 5 m from rest. By considering
energy, find the speed of the particle as it hits the ground (You may assume that air
resistance can be neglected)

Solution:

P E lost = mgh
=0.Bx98x5
=392

EE gained =P E lost
=382
EE gained = %mvz —%muj
39.2 = 2%0.8v* —0
5 39 2xe
v el
]
¥ =19459

The particle hits the ground at 9.90m 7"
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Exercise C, Question 7

Question:

A stone of mass 0.3 kg 15 dropped from the top of a vertical cliff and falls freely
under gravity. It hits the ground below with a speed of 20 m 7', Use energy
considerations to calculate the height of the cliff.

Solution:

E E gained = %mv2 —ljmg

2 %x 0.3%20% —0

=60
DPE lost =EE ganed
=60
PE lost = mgh
G0 =039 8xk
&0

 0.3%9.8
b = 20.40

The clift 1z 20.4 m high,
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Exercise C, Question 8

Question:

A particle of mazs 0.3 kg 15 projected vertically upwards and moves freely under
gravity. The initial speed of the particle is u m s~ . When the particle is 5 m abowve the

point of projection its kinetic energy is 2.1 I Calculate the walue of 2

Solution:

PE gained = mgh
=03x53.8x5
E E lost=1tial KE —final K E

_1 2_
= 5 21

1 1
= 2x03u =21
EE lost=PE ganed
%x0.3u2—2.1=0.3x9.8x5
s D3x38x542.1
i 1
ij.B
% = 10,58
y =106
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Exercise C, Question 9

Question:

A bullet of mass 0.1 kg travelling at 500m s~ horizontally hits a vertical wall. The
tullet penetrates the wall to a depth of 50 mim. The resistive force exerted on the
btullet by the wall 1z constant. Calculate the magnitude of the resistive force.

Solution:
Lossof EE. = %mz —%mv2
= 2x0.1x 500" =0
Wortle dene by resistance = Fx s
= Fx0.05 ——— 1mm=0001m

Work done by resistance = Loss of EE
Fx0.05 =1x01x 5007

w 0. 1% 5002

0.05
= 250000
The magnitude of the resistive force 15 250 000 I (or 250 kI,

—
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Exercise C, Question 10

Question:

A bullet of mass 150 g travelling at 500m 7' horizontally hits a vertical wall. The

wall exerts a constant resistance of magnitude 250 000 M on the bullet Calculate the
distance the bullet penetrates the wall

Solution:
Lossof EE = %mv2 —%muz
= 1x0.15x500? =0
Wotle done by resistance = F xag
=250 0005
Work done by resistance = Loss of E E
2500005 = 7 0.15x 500° +—————15g=0.15kg
L %0.15%500?
IS' —— 2—
250000
= 0075

The distance the bullet penetrates the wall 12 0.075 m (or 75 mm).
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Exercise C, Question 11

Question:

A package of mass 5 kg s released from rest and slides 2 m down a line of greatest

slope of a smooth plane inclined at 35° to the horizontal

a Calculate the potential energy lost by the package.

b Write down the kinetic energy gained by the package.

¢ Calculate the final speed of the package.

Solution:
| .
(hms r’ik;----
Rl
- ~1
| 3 T
Yms q‘,ﬁkr .-"': 2m
__,--""". ‘5
i""'.a.-l'\"
a
D E lost = mgh
=5xB Bx(Z2ein 357
= 5621

The P.E. lost iz 56.2 T

h
The E E. gained 15 56211

C
EE gained = %P?Ivz —%m:"
56.2 = 2 5%/ —0
. 5602
v -
3
v=47741

The final speed of the package is 4. 74 m s~

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com

Pagel of 1



Heinemann Solutionbank: Mechanics 2

Solutionbank M2

Edexcel AS and A Level Modular Mathematics

Exercise C, Question 12

Question:

A particle of mass 0.5 kg iz released from rest and slides down a line of greatest slope
of a smooth plane inclined at 0% to the horizontal When the particle has mowved a
distance x m, its speed is 21m 5. Find the value of x.

Solution:

-

Oms-1&e
Cilar”
o O5KE
2 m H_] I'- > i" &
_,x"?’_'%u-‘-
; 1 2 1 2
EE gained = = PV — = il
= 2% 0.5%2* =0
=1
PE lost = mgh=05x98x(xsn 30
PE lost =K E ganed
0.5x98x(xsn 30 =1
1
x= =
0.59% 2 Bxsin 30
= 04081
x =0408
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Exercise C, Question 13

Question:

A particle of mass 0.2 kg is projected with speed 9m s™' up a line of greatest slope of

a smooth plane inclined at 30° to the horizontal The particle travels a distance x m
before first coming to rest. By considering energy, calculate the value of x.

Solution:

5 0m 5-1
_~
r .\._,-'
Oms! _~ 0.2kg
Lt 2
— w0
02kg O~
&
N
1 1
EE lost = —ma — Zanv®
2 2
= 2x0.2x9% =0

PE ganed = mgh
=029 8(xsin 307
PE gained =K E lost

0.2% 9 8(xsin 30%) = %x 0.2 92

0%
x=2—
0.2% 9 8sin 30°
—£.265
—8.27
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Exercise C, Question 14

Question:

A particle of mazs 0.6 kg 15 projected up a line of greatest slope of a smooth plane

inclined at 40° to the horizontal The particle travels 5 m before first coming to rest.

Tze energy considerations to calculate the speed of projection.

Solution:

= Om !

F i,
% -, 0.6 kg
o, ums .
= i " 5m
e .i__,.-’"" ___-)___.-"'
706 kg

_~1 40°

EE lost = %mz — %mv2

_ 1
—jxﬂ.ﬁu 0

PE gained = mgh
= 0.6x % 8x 5s1n 40"
EE lost =P E gained

%x 0.6u2=06%9 8% 55in40°

A 0.6% 9. 8% 5sin 407
3 1
=% 0.6
w="7536
The speed of projection is 7.94 m s~
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Exercise C, Question 15

Question:

A box of mass 2 kg is projected with speed 6 ms™ up a line of greatest slope of a

rough plane inclined at 30° to the horizontal The coefficient of friction between the

box and the plane iz % . Jse the work—energy principle to calculate the distance the

box travels up the plane before first coming to rest.
Solution:

=z 0m st

2e N
_1 2_1_ 2
E.E lost = T — 5 Y
| D
—j><2><6 1]
=34

PE ganed = mgh
=2x 9 8(xsin 307
=9 8x
E(™~)R = 2gsin 30°
Friction iz limiting: & = ui&
_1 . a1
F —§x2331n30 =
Wotk done against fiction = Fx
&
EE lost =PE ganed+work done against 7
36 =9.8xx+3x9.8xx

36 = %x 9 8% x
36% 3
x:
4% 9.8
x= 2755

The particle moves 2,76 m up the plane.
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Exercise C, Question 16

Question:

& cyclist freewheels down a hill inclined at 30° to the horizontal. The cyclist and his
cycle have a combined mass of 80 kg His speed increaszes from 3ms™ to 12m s

Aszsuming that resistances can be ignored, calculate
a the potential energy lost by the cyclist,
h the distance travelled by the cyclist

Solution:

Ims-le
-
80 ke
- .-'""...- .-""#. )
12ms1&” S
| o i_, xm
80kgS> -
.‘-'"'-'.
et

a
R.E.gainna-:ﬂ,=l2 1;2—%:*?33‘;2
_1 2 1 2
—§x80><12 j><8Cl>=<3
= 5400

; «—— | = i
DPE lost =K. E gained P.Elost = E.E gained

., The P.E. lost 1z 2400 T.

b
PE lost = mgh
5400 = 50 x9.8x (xsin 30°)
5400
T 80x 9 8xsin 30°
S

The cyclist travels 128 m.
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Exercise C, Question 17

Question:

A cyclist starts from rest and freewheels down a hill inclined at 20° to the horizontal.
After travelling 60 m the road becomes horizontal and the cyclist travels a further

50 m before coming to rest. The cyclist and her cycle have a combined mass of 70 kg
and the resistance to motion remains constant throughout Calculate the magnitude of
the resistance.

Solution:

=)
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Exercise D, Question 1

Question:

Whenewver a numerical value of g is required take g =9.8m 7.

A force of 1500 17 pulls a van up a slope at a constant speed of 12m 57 Calculate, in
KW, the power developed.

Solution:
Power = Fxvw

=1500x12

=18 000
The power iz 18 KW,

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Mechanics 2 Pagel of 1

Solutionbank M2
Edexcel AS and A Level Modular Mathematics

Exercise D, Question 2

Question:

A car is travelling at 15m 5™ and its engine is producing a driving force of 1000 .
Calculate the power developed.

Solution:

Fower =Fxv
=1000%15

=15000
The power 13 15 000 %W (or 15 KW,
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Exercise D, Question 3

Question:

The engine of a van is working at 5 kW and the wan is travelling at 18m s Find the

magnitude of the driving force produced by the van’s engine.

Solution:

Power = Fxv

S000=Fx1g
e 000
18

=277

The driving force has magnitude 278 I

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Mechanics 2 Pagel of 1

Solutionbank M2
Edexcel AS and A Level Modular Mathematics
Exercise D, Question 4

Question:

A car’s engine 15 working at 15 %W, The car 15 travelling along a horizontal road. The
total resistance to motion has a magnitude of 600 . Calculate the maximum speed of
the car.

Solution:

(hm 52 .
» " ——— At maximum speed the

acceleration 15 zero.
AN N £ l | >T

R (=) T =600

Power = Fxvw

15000 = 600y

_ 15000
a0l

=25
1

The maximum speed 15 25 ms™ .
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Exercise D, Question 5

Question:

A car has a maximum speed of 40 m 57" when travelling along a horizontal road
against a constant resistance of 300 M. Calculate the power the car’s engine must
develop to maintain thiz speed.

Solution:

> 40 m 5! ¥ ms—2

| At maximum speed the
acceleration 15 zero.

SO0 N < l [ > T

R(—) 7 =500

Power = Fxw
=500 x40
= 20000
The power 1g 20 000 W {or 20 KW
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Exercise D, Question 6

Question:

A wvan iz travelling along a horizontal road at a constant speed of 16m g7

1 .
. The van’s

engine is wotking at 8.8 kW, Calculate the magnitude of the resistance to motion.

Solution:

> 16 m 51

R<— 71

FPower = Fxv
28x10° =Tx16

_ 8800
16
T =550
R R=T
R =550

The magnitude of the resistance 15 550 1.
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Exercise D, Question 7

Question:

A car of mass 850 kg 15 travelling along a straight horizontal road against resistances
totalling 350 I The car’s engine 15 working at 8 KW, Calculate

a the acceleration when the car is travelling at 7m s,

b the acceleration when the car is travelling at 15m s,

¢ the maximum speed of the car,

Solution:

PhysicsAndMathsTutor.com
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a
—3 Tms! —3> ams-2
350N < 850kg ——> T
FPower = Fxv -——
9000 =Tw=7
_onnn
T = T
F =
9”?&—350 = 850
2000 uey
a = ?7
330
a=1100

The acceleration is 1. 10ms™ .

h

—> 15ms-!

ISON € 8S0kg —>T

Firzst find the fractive
force produced by the
engine and then nse
F=pma to find the
acceleration.

—3> gam s>

Power = F v

9000 =Tx15

_ooon
T = — =00
F=pu
GO0 —350 = 8BS0

_ 250
250

@ = 02541
2

The acceleration iz 0.2% ms™" .

c
> (ms-! 3 (hm 52
350N < 850kg —> T
E{—)T =350
Power = Fxvw
8000 = 350v
_ 9000
350
w=2571

The mazximum speed is 257 ms™'.
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Exercise D, Question 8

Question:

A car of mass 900 kg is travelling along a straight horizontal road at a speed of
20m 57!, The constant resistances to motion total 300 1. The car is accelerating at

0.3m s Calculate the power developed by the engine.

Solution:

> 200m 5! s 0.3 ms2

AN < 1 900 kg I 3 T

F=ma
T—300=900x073
T =900x034300
=570
Power = Fxv
= 570x 20

= 1140
The power developed by the engine 15 1140 W {or 1.14 13
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Exercise D, Question 9

Question:

A car of mass 1000 kg 15 travelling along a straight horizontal road The car’ s engine
is working at 12 KW, When its speed is 24 m g7
resistances to motion have a total magnitude of R newtons. Calculate the value of R

its acceleration is 0.2 ms™ The

Solution:

> 24 m 5~ 3 0,2 ms2

R <—{1000 L_} 5T

Power = Fxvy

12000 = Tx 24
Bl 2 =500
F =
T—R =1000x0.2
500— R = 200
R =500-200
R =300
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Exercise D, Question 10

Question:

A cyclist 15 travelling along a straight horizontal road. The resistance to his motion 13

constant and has magnitude 28 M. The maximum rate at which he can work 13 280 W,

Calculate his mazximumn speed.

Solution:
> yms-) 5 (hm s—2
28BN € 4 - >T
E(—T=28
Power = Fxw
280 = 28y
v =10

3 g ) -1
His mazimum speediz 10m s
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Exercise D, Question 11

Question:

A van of mass 1200 kg 1z travelling up a straight road inclined at 3° to the horizontal.

1

The wan moves at a constant speed of 20m 7 and its engine is working at 24 KW

The resistance to motion from non-gravitational forces has magnitude & newtons,

a Calculate the value of &

The road now becomes horizontal The resistance to motion from non-gravitational
forces 1s unchanged.

b Calculate the initial acceleration of the car.

Solution:
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=7 (i ms—2

20ms-! - -
5 ms e | o ;-- -

-
L "';. | =2
Re= 1
.-—".I":_{f.

= L
- I

A
1200g N

Power = Fxv
24000 =T w20
24 000

Ir= =1200

R(™ T=R+1200gsin5"
1200 = B +1200gsin 5°

A=1200-1200g sin 5°
R=1750

The magnitude of the resistance 13 175 M.

h

> 20 m 5! ¥ ams—2

175N €— 1200 kg—> T

From abowve, T =1200.

F o= me
1200 —175 =1200z
1200 —175
a e Y
1200
g = 08541

The initial acceleration is 0.854 ms™2 .
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Exercise D, Question 12

Question:

A car of mass 800 kg is travelling at 18m s along a straight horizontal read. The

cat’s engine i3 working at a constant rate of 26 KW against a constant resistance of
magnitude 750 I

a Find the acceleration of the car.

The car now ascends a straight road, inclined at 9° to the horizontal The resistance to
motion from non-gravitational forces iz unchanged and the catr’ s engine worles at the
same rate.

b Find the mazimum speed at which the car can travel up the road

Solution:
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> 18 ms! ¥ ogms 2
T50 N €—— 800 kg —> T
Power=Fxs
26000 =T=x18
__ 2a000
= 12
F =
T—750 =300z
200z = 26000 =750
a = 08680

The acceleration iz 0.268m s>,

b
e vms-!
_
= Dms—= R
Fe "L - b ]
= "
il ol
750N <>
g
Je
800g N

E(™M T =7504800gsin 3"
Power = Fxv

26 000 = Txv
26 000 = (750 +-800% 9 Bsin )
~ 26 000
¥ T 750 +800% 9. 85in 9°)
=135

The mazimum speed is 13.2m ™"
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Exercise D, Question 13

Question:

A van of mass 1500 kg is travelling at its maximum speed of 30m s along a straight
horizental road against a constant resistance of magnitude 600 M.

a Find the power developed by the van’s engine.

The van now travels up a straight road mclined at & to the honizontal. The van's
engine worls at the same rate and the resistance to motion from non-gravitational
forces is unchanged.

b Find the mazimum speed at which the van can ascend the road.

Solution:
a
» Oms—2 3 30 m s-!
G N < 1 1500 kgt > T
Ei{—) T =600
Fower =Fxv

= &600x 30
=18000

The power 13 18 000 % {or 18 KW
b

7 hms™2 B g
\wm‘l ke N
600N &
Jr
15002 N

E{—= T =6004+1500g sin 8"
Power = Fxw
18000 = (600 +1500g sin 87y
o= 18000
(60041500g sin 877
1

The maximum speed1s 6. 80ms™".

=6.803
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Exercise D, Question 14

Question:

A car is moving along a straight horizental road with speed vm s The magnitude
of the resistance to motion of the car 1s given by the formula (1504+3v) I, The car’s
engine iz working at 10 k%W, Calculate the mazimum walue of v,

Solution:

» (m 2 > vm s

(1504 3v) N < 1 f >T

R(—) T =15043w
Power = Fxv
10 000 = (150 + 3v)v
3 +150v—10000 =0
—150 /{1507 —4x 3% (— 10 000)

2 3
=3791 (v=0

The mazximum value of v 15 37.9

v =
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Exercise D, Question 15

Question:

A train of mass 120 tonnes 132 moving up a straight track which is inclined at 2 to the
herizontal. The resistance to the motion of the train from non-grawitational forces has
magnitude & kI and the train’ s engine 13 working at a constant rate of 350 KW

a Calculate the maximum speed of the train.

The track now becomes horizontal The engine continues to work at 350 k%W and the
resistance to motion remains 6 kI

b Find the imitial acceleration of the train.

Solution:
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_ O ms-!
32
0 ms=2 '"'\x,
- | \ —— ags
T e \ =T I
T o e
EXIBPNS ) 1
.--'\I":-i-----
- L= |
1F

150 x 1035g N

BT =6x10° +150x10° g sin 2°
Power = Fxv
350%10° = (6x 10° +150x10° g sin 2%y xv
B 350
T 641509 85in 2")
=6.107
1

The maxzimum speedis & 11ms"".

ltonne =10" kg

When tonnes,
llonewtons and
lalowatts are uzed the
10% will cancel, leaving
easier numbers.

b
> 6.107 m ! » am s
6X 103N < m > T
Power =Fxv
30107 =Tx6.107
_ 350x10°
6.107
F =wa
T—6x10° =150x10°a
3
30XT0 _ ¢ 108 = 150x10%a
6.107
555 s
6.107
a =0.3420

The initial acceleration is 0.342 ms™ .
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Exercise E, Question 1

Question:

Whenever a numerical value of g is required take g =9.8m 7.

A cyclist and her bicycle have a combined mass of 70 kg She 15 cycling at a constant
speed of 6 m s on a straight road up a hill inclined at 5° to the horizontal. She is
wotking at a constant rate of 480 %W, Calculate the magnitude of the resistance to
motion from non-gravitational forces.

Solution:

,-"',-"r-l..
=z bms '
® Yo ot d
l. -
&\
Wb
Tg N

Power = Fxvw
480 =Tx6
T=%=50
B T=R4+7ganZ
B0 =E4+70x98sin5
R =80-T0x%8san =

R =2021
The magnitude of the resistance 1z 2021,
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Exercise E, Question 2

Question:

A boy hauls a bucket of water through a vertical distance of 25 m. The combined

mass of the bucket and water 1z 12 kg The bucket starts from rest and finishes atrest.

a Calculate the work done by the boy.
The boy takes 30 s to raise the bucket

b Calculate the average rate of working of the bov.

Solution:

a
D E. gained by water and bucket = mgh

=12x98x25

= 2940
Initial EE. =final K. E =10

Wotle done by the boy = P.E. gained by bucket

= 23407
b
, worll done 2540 S B ke d
A te of working = = i g v
verage rate of working ——— 20 Eate of doing work = T
=93

The average rate of working of the boy iz 987 57! (or 98 W),
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Exercise E, Question 3

Question:

A particle P of mass 0.0 kg 1s mowving in a straight line from A to 5 on arough
horizontal plane. At.A the speed of Pis 12m 5™, and at B its speed is 8m s~ The

distance from A to B is 25 m. The only resistance to motion is the friction between the
patticle and the plane. Find

a the work done by friction as P moves from A to B,
h the coefficient of friction between the particle and the plane.

Solution:
? 12 ms™! > 8 ms-!
R R
s i
: il : _
F & ) ! P ()]
A B
o e
0.5g N 0.5g N
a
K E. lost by particle = 2x0.5x 122 — 2% 0.5% &’ S
2o friction =E.E. lostby

particle.

Wotlt done by friction = E.E. lost by particle
SO Work dene by friction = 207

b
E{MR =05g
Friction 1z limiting F = pR=pux05g
Wotle detie by friction = F xes
20 = pux00g =25
20

n=—S  =01632
0.5g %25

The coefficient of friction 13 0163
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Exercise E, Question 4

Question:

B{5m)

The diagram shows a particle A of mazs 2 which can move on the rough surface of a

plane inclined at an angle & to the horizontal, where sind = ; A second particle B of

mass S hangs freely attached to a light inextensible string which passes over a
smooth light pulley fized at 20 The other end of the string 1z attached to A, The

coefficient of friction between A and the plane 1z g Particle 5 iz initially hanging 2

m above the ground and 4 154 m from 2 When the system 15 released from rest with
the string taut A mowves up a line of greatest slope of the plane.

a Find the imitial acceleration of 4.

When B haz descended 1 m the string breaks.

b By using the principle of conservation of energy calculate the total distance
moved by 4 before it first comes to rest

Solution:
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D
o ms—2 x""'{"]
.//. }f:u - :e""'f T 5 /
Y r _—. ™
Y ‘___.-"3".?_—__.&"'.. 1L /_,.-’
1 i;.:: ____.--"" - H Jr
ot \” ¥ ams2
o 5 mg e
e _ 4
3
h 3 W=z
2mg 8
a Ei{~) for A:
R=2mgcozd
Friction 1z limiting:
F=uR
= gx Zmgrosd
_ 3 4
=t 2amg 3
5
F=mator & T—(F +2mgantd) = 2ma
r— %mg+2mgx%) = Zma
T2 = ma ()
F=ma for B: dmg—T=>10ma (2)
Derag
0+ 023 5mg—T = T
16wz — T
_lég  16x 938
35 35
a =448
The acceleration of A is 448 ms™.
h For the first Im A travels o———ou I T1e rnetion must be
considered in two parts,
u =10 kefore and after the string
a=448m s brealcs.
Je— The friction force acting on A
) 1z the same throughout the
v =1

v =4t 4 2as
v = 2x448%1
v =896

After string breaks:
Loss of E.E.{of A) = mu’ —%mvz

®2mxB 96 -0

B B S
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Exercise E, Question 5

Question:

A rcar of mass B00 kg is travelling along a straight horizontal road The resistance to
motion from non-gravitational forces has a constant magnitude of 500 M. The engine
of the car 15 working at a rate of 16 KW

a Calculate the acceleration of the car when its speed is 15m 570

The car comes to a hill at the moment when it is travelling at 15m s~} The road is

still straight but is now inclined at 3° to the horizontal The resistance to motion from
noen-gravitational forces 15 unchanged. The rate of working of the engine iz increased

to 24 kKW,

b  Calculate the new acceleration of the car.

Solution:
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> 15ms-! 3 am s2

500N €—— 800 kg } =

Power = Fxw

Ensure units are consistent.

16000 =Tw15
_ labon
r= 15
F = ma
T—500 =800z
16 000 _
T—SUU = B00a
1a 000
— =500
s D
200
a = 07083
The acceleration is 0708 m s>
]
= 15 ms-!
i L
500 N ‘f'_-f:_':'_': i
5
J
Be N
Power = Fxv
24000=T x15
v 24000
e S
BE{AF = pua

T —500—800gsin 5" = 800q

24000 _ 500 —800% 9.85in 5 = 3004

15
B0 = 416,698

g = 05208

The new acceleration is 0.521m s72.
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Exercise E, Question 6

Question:

A car of mass 750 kg is moving at a constant speed of 18m 5™ down a straight road
inclined at an angle 2 to the horizontal, where tan 8 = % The resistance to motion
from non-gravitational forces has a constant magnitude of 1000 1.

a Find, in W, the rate of working of the catr’s engine.

The engine of the car iz now switched off and the car comes to rest 7 seconds later,

The resistance to motion from non-gravitational forces 15 unchanged.

b  Find the value of T

Solution:
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18 ms~1
5 Int.n’]__;},__,.---

Oms=2 A

750g N

=1 = J
tan & =i f=2.8624

R(A T+750g sin 8 = 1000
T =1000—750x% 9.85in 2.8624°

T =632.92
Power = Fxw
= 6329318
=11395%W

The rate of working of the car’s engine is 11.4 KW,
b

= @ ms—2
_.-:.r"."

N 100N~

e -

750e N

The tractive force is

E(LME =ma ZETO.

1000—"750x 3 8xsind = 750g
= 1000—750%9 Bsin 2.8624°

750
a = 08439
u=18ms!
v=0ms"
a=—0843%m s>
t =T
v =ntaf
0 =13—-0843%=T
18
 0.8439
=212z

The walue of T1z 21.3.
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Exercise E, Question 7

Question:

The diagram shows a patticle A of mass 2 which can move on the rough surface of a
plane inclined at an angle 8 to the horizontal, where sind = ; A zecond particle B of

tnass 2 hangs freely attached to a light inextensible string which passes overa

smaooth pulley fized at 20 The other end of the string iz attached to 4. The coefficient

of friction between A and the plane iz i—l The system iz releaszed from rest with the
string taut and A moves up a line of greatest slope of the plane. When each particle
has moved a distance &, 4 has not reached the pulley and & has not reached the

ground.

a Find an expression for the potential energy lost by the system when each particle
has moved a distance s

When each particle has moved a distance = they are moving with speed v

b  Find an expression for v°, in terms of &

Solution:
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~
H ,#’._.--’-’.. -
k .__‘_.--' L 1’
\ F ?
% J: - \
F 4'.--:’___ I
: -___J..-- W _‘ p”_q:
50 2ing
a
DE ganedby A=mgh
= Zmg H(exsind)
= Z2mg HEX %
_ bmgs
5
PE lost by B = mgh
= Zmgs
bage  Smgs
S PE lost by system = 2mgs— =
5 5
i onsidnd, +— | Find the frictional force and
uze the work—energy
R{~) R=2Z2mgcosf BNl
o 4
= Zmg ¥ z
_ Bmg
5
Friction is limiting:
F=ur
S =
_ omg
5

Wotl done against friction = F =g
_ Zmgs
S5
K.E. gained by Aand B = L (2m)? + 2 (3mp?
_ S
3

Wotk—energy principle:

EE gained 4+ wotlk done against friction =P E. lost

Sevt Zimgs _ Hemgs

+
2 5 5
Smvt Tmgs
2 5

S5 2w Temgs
S o
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Exercise E, Question 8

Question:

& parcel of mass 5 kg is resting on a platform inclined at 25° to the horizontal.

The coefficient of friction between the parcel and the platform is 0.3 The parcel is
released from rest and slides down a line of greatest slope of the platform. Calculate

a the speed of the parcel after it has been moving for 2 ¢,

b the potential energy lost by the parcel during this time.

Solution:

Worl done = 18cos25 x14

= 298 3 +— Work done = korizorial compenent of tension x

horizontal distance moved

The work done 13 228 T,

© Pearson Education Ltd 2C
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Exercise E, Question 9

Question:

A lorry of mass 16 000 kg is travelling up a straight road inclined at 12° to the
horizontal.

The lorry is travelling at a constant speed of 14m s and the resistance to motion

from non-gravitational forces has a constant magnitude of 200 kM. Find the work
done in 10 2 by the engine of the lorry.

Solution:
& 14 ms!
,-"'-).
] 0 ms—2 *““
200 000N &\~
W
16 000g
ELMT=200000416000gsin 127
T =232600
Worlk donein 10 5 = force x distance moved
= 232600 (1410
=322 564 000

The work done 1n 105 15 32 600 000 T {or 22 400 kI,
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Exercise E, Question 10

Question:

A particle P of mass 0.3 kg 15 mowing in a straight line on a smooth horizontal surface
under the action of a constant horizontal force. The particle passes point A with speed

6m s and point B with speed 12m s7.

a Find the kinetic energy gained by P while moving from 4 to &
b Write down the work done by the constant force,

The distance from 4 to 81z 4 m.

¢ Calculate the magnitude of the force,

Solution:
— Hms! — 12 ms-!
03kg () () 0.3 kg
A B
a
. 1 a1 a
EE gained = = BV — il
= 2X0.3%12% = 2% 0.3% 67
=162

The K .E gained iz 1627,

b
The work done by the force 13 16 2 T

c
Wotle done = F xs

16.2 = F x4
_1al
F=22
F =405

The force has magnitude 4.05 1.
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Exercise E, Question 11

Question:

A box of mass 5 kg slides in a straight line across a rough horizontal floor. The initial
speed of the box is 10m s™. The only resistance to the motion is the frictional force
between the box and the floor. The box comes to rest after mowving 8 m. Caleulate

a the kinetic energy lost by the box in coming to rest,

b the coefficient of friction between the box and the floor.

Solution:
— 10 ms-! — () ms=!
i
I - -
v
S5e N
- -
B m
a
1 a 1 4
EE lost=-mu’ ——wn
2 2
1
= jxﬁxlog—ﬂl
=250

The EE. lostiz 250 1.

b Work done against friction = 2507
Work done = Fxs

200 = Fxi
p o2
8
R R =02
Friction 1z limiting & = ukR
230
2 MHHIE
= i=0.63??"
Hx xS

The coefficient of friction 15 0635,
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Exercise E, Question 12

Question:

A car of mass 900 kg is moving along a straight horizontal road. The resistance to
motion has a constant magnitude, The engine of the car is wotking at a rate of 15 KW

When the car is moving with speed 20m 57, the acceleration of the caris 0.3m ™.

a Find the magnitude of the resistance.

The car now moves downhill on a straight road inclined at 47 to the horizontal The
engine of the car iz now wotking at a rate of 8 KW, The resistance to motion from
noen-gravitational forces remains unchanged.

b Calculate the speed of the car when its acceleration is 0.5m 57

Solution:
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> 20 m s 5 0,3 m 52

] RE— 900kg —> T

Fower = Fxv
15000

T=T=?5U
F = ma
T—R=900x03
Ta0—-R =270
R =730-=-270
£ =430

The magnitude of the resistance 1z 480 I

b

.-'_.a-"'--
0.5 ms—2 &

2
) e
A 480 ‘\’
o e
Y I". g
7 p
A -
?'I &= ..__ 1 o
W
90e N
F =

T+ 900gsin 4° — 480 =900 0.5
T = 4504480 —900gsin 4°
Power = Fxw
2000 = (4504480 —900gsin 4"y
o= 2000
(4504 480—900g sin 47
v = 2541
The speed of the car is 254 m s~
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Exercise E, Question 13

Question:

A block of wood of mass 4 kg is pulled across a rough horizontal floor by a rope

inclined at 157 to the horizontal. The tension in the rope 13 constant and has
magnitude 75 .

The coefficient of friction between the block and the floor 12 % .

a Find the magnitude of the frictional force opposing the motion
b Find the worll done by the tension when the block moves 6 m.
The block 15 initially at rest.

¢ Find the speed of the block when it has moved 6 m.

Solution:

RPMR+75:5n15 = 4g
R=dg—T55n15"
Frction iz limiting: 7 = 4R
F= Bix(4><9.8—?55m15")

F =7420
The magnitude of the frictional force 15 7.42 ML

b

Worlk done = Fxs
=T5coz15 %6
=434 66

The worlt done 15 435 T,

c
EE gained = work done by tension —work done against friction

%x P = 424 66— T 42%6

; Tse the work—energy
V' = - (434.66 =7 42 6] principle.

v =1396

The block is moving at 14.0m s
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Exercise E, Question 14

Question:

The engine of a lorry works at a constant rate of 20 %W The lorry has a mass of

1800 kg,

When moving along a straight horizontal road there 15 a constant resistance to motion
of nagnitude 600 M. Calculate

a the maximum speed of the lorry,

b the acceleration of the lorry, in m s when its speedis 20m gt

Solution:

> vm s~ 5 0m 52

600N <—— 1800 kg —> 1
Ensure units are

E{—=)T =400 consistent.

FPower = Fxw

20000 =600y
_ 20000

&0
y =3333

The lorry's mazimum speed is 33.3ms .

h

> 20m 5! 3 m s>

600 N <—— 1800 kg 5 T

Power = Fxw

20000 =T 20
F'=1000
F = ma
T'— 600 = 18004
1000—600 = 18004
400
g4 =
1800
a =0.2222

The acceleration is 0.222 m s~ .
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Exercise E, Question 15

Question:

A car of mass 1200 kg is travelling at a constant speed of 20m 7 along a straight

horizontal road. The constant resistance to motion has magnitude 600 1.
a Calculate the power, in kW, developed by the engine of the car

The rate of working ofthe engine of the car 1z suddenly increazsed and the initial
acceleration of the caris 0.5m s™ . The resistance to motion is unchanged.

b Find the new rate of working of the engine of the car.

The car now comes to a hill. The road 15 still straight but iz new inclined at 20° to the
horizontal The rate of working of the engine of the car 15 increased further to 50 KW

The resistance to motion from non-gravitational forces still has magnitude 600 M. The

car climbs the hill at a constant speed Fm s

¢ Find the value of I

Solution:
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> 20 m 5! 3 (hm s=2

600 N 1200 kg >T

a R{—)T = 600

Power = Fxvw
= &00= 20
=12000 W

=12 kKW
The power iz 12 KW,

b
> 20 m sl % (L5 m s
B0 N € 1200 kg > T
F = ma
T'—&00 = 1200x0.5
T'= 4004600
T'=1200
Power = Fxw
= 120020
=24 000
The new rate of working 1s 24 KW
c
= Oms—2
_.-'”--:rl
= Vms-l -
__.-""" \ 2 ] 11 o
- d___,_.-l:\;"a----_’ '\-.":__J_.,-ﬂ' ! _ll_r_,. -
i e
ia-"'--A" _,.4—"-’-- ”
600N <~
W
1200g N

R(AT" = 600+1200g sin 20°

Power = Fxw
50000 = (600 +1200gsin 2035
B 50000
B (600 4+1200g sin 20
F=10382
=102
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