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Topic 1

Forces and Equilibrium

Question 1
12N

10N

The three coplanar forces shown in the diagram act at a point P and are in equilibrium.

(i) Find the values of F and ©. [6]

(ii) State the magnitude and direction of the resultant force at P when the force of
magnitude 12 N is removed. 2]
[J11/P4/04]

Suggested Solution:

(i) Resolving the forces horizontally, 12N
—: Fcosf=12co0s30° i
Fcos§=10.392 [IMIIIIIIIIT) 12 sin 305}
resolving the forces vertically, =-- 5 s30°

t: Fsin@+12sin30° =10
Fsind=10-12sin30°
Fsin @ =4 [IIIIIIIII)
divide eq. (ii) by eq. (i),
Fsinf _ 4
Fcos@ 10392
= tand=03849 = 6H=21.1° (Ans).

substitute & = 21.1° into equation (ii),

Fsin 21.1°=4
= F:#ZII.IN (Ans).
sin 21.1°

(ii) When the force of 12 N is removed, the resultant force at P is
of magnitude 12 N with direction opposite to the previously
applied 12 N force, i.e. 30° clockwise from positive x-axis.

W CORNER
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uestion 2
Q 12N

FN

I5N

Three coplanar forces of magnitudes F'N, 12N and 15 N are in equilibrium acting at a
point P in the directions shown in the diagram. Find o and F. [4]

[J12/P4/Q2]

Suggested Solution:

Resolving the forces along and perpendicular to F N force, 12N
v F=15cosd -+ 0 N
N 12=15sing = sina:% = a=531° (Ans). 15 cosa
substitute a =53.1° into equation (1), AN
F=15c0s53.1° = 9N (Ans). 15 sin ug‘\

Question 3

<

75N

—————————————————————————————————— > X
0
68 N | 100 N
|

Three coplanar forces of magnitudes 68 N, 75 N and 100 N act at an origin O, as shown
in the diagram. The components of the three forces in the positive x-direction are
—60 N, ON and 96 N, respectively.

Find
(i) the components of the three forces in the positive y-direction, [3]
(ii) the magnitude and direction of the resultant of the three forces. [4]

[N12/P4/Q4]
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Suggested Solution: W CORNER

(i) Resolving the forces horizontally and vertically, we have, K
~: —68cosa =60 |

60 75N
= cosa=— = a=28.07°=28.1°
68
t: 100cos 8= 96
96 o o
= cosf=— = [=1626°=16.3
100 __ b8cosa __100cosp e
components of the three forces in positive y-direction are, v p OI p 100 sin
68 sino '
Y,: —68 sina =-68sin(28.07°) = 32.0 N (Ans). I 100 N
68 N
Y,: 75N (Ans).
Y;: —100 sin B =-100 sin(16.26°) =28.0 N (Ans).
(i) > F,=-60+96 =36 N
I
D F,=-32+75-28 =I5N !
! R
O Resultant force, R /F%* Fy2 | 15N
I
=/(36)* +(15)> =39 N (Ans). | A
for direction, 0: 36 N
(1 . .
f=tan”" (3—2] =22.6° with positive direction of x-axis (Ans).
Question 4
A particle P of mass 2.1kg is attached to one end of each of two light inextensible strings.
The other ends of the strings are attached to points A and B which are at the same
horizontal level. P hangs in equilibrium at a point 40 cm below the level of A and B, and
the strings PA and PB have lengths 50 cm and 104 cm respectively (see diagram). Show
that the tension in the string PA is 20 N, and find the tension in the string PB. [5]
[J13/P4/Q3]
Suggested Solution:
Let 7; and T, be the tensions in strings PA and PB respectively, 0
Ag——————1r—————————~ B

In AAPQ, cosa=% = a=36.87°

In ABPQ, cosﬂ:% = [=67.38° 104 cm

0 APB o pB
=36.87° +67.38° =104.25° l
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applying Lami's theorem,
T, 21 21

= 7T =—
sin(180° - 3°)  sin104.25° ' sin104.25°

0 tensionin PA 20N (Shown).

xsin112.62° =20

applying Lami's theorem again for 7,
T, _ 21

- =— T, =————xsin143.13° =13
sin(180°—a°) sinl104.25° sin104.25°
0 tensionin PB= 13N (Ans).
Alternative Method: s
From figure, w=90°-a°=53.13°
y=90° - 5°=22.62° Tysin ey
I
Resolving the forces horizontally at P, i
—: T,cosv®=T cosw® )
T ° T .13°
T, = jcosw® | T, = 1 cos53.13 — T,=065T
cosv’® c0s22.62°

resolving vertically,
t: Tisinw + T,sinv° =21
T;sin53.13° + T,5in 22.62° = 21
0.8 7, +0.385(0.65 T;) =21
1.057,=21 = 1T,=20 (Shown).

O T 0.6520¥ 13N (Ans).

Question 5

10N

B

A and B are fixed points of a vertical wall with A vertically above B. A particle P
of mass 0.7 kg is attached to A by a light inextensible string of length 3 m. P is also
attached to B by a light inextensible string of length 2.5 m. P is maintained in
equilibrium at a distance of 2.4 m from the wall by a horizontal force of magnitude
10 N acting on P (see diagram). Both strings are taut, and the 10 N force acts in
the plane APB which is perpendicular to the wall. Find the tensions in the strings.
[6]

[J14/P4/0Q3]
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: V32-24% 18

In AAPQ, 005022—34, sing =—— =—

3 3
In ABPQ, cosf= 24 sin 8 ‘72'52 —24° -7
’ 25 25 2.5

Resolving the forces horizontally at P,

10N
-1 Tcosa+T,cos =10
2.4 2.4
L(—)+TL (=) =10
(GIHRED)
0.87,+0.96T, =10 = EZ%(IO—O.%TZ) (IR )
resolving the forces vertically at P,
t: Tsina=T,sinf+7
1.8 0.7
L(—)=T,(—)+7
1( 3 ) 2(2.5)
0.67, =0287,+7 = T, :0—16(0.28T2 +7) (IR )
solving equations (1) & (2) simultaneously, 10N
1 1
—(10-0.96T,) =—(0.28T, +7
0.8( 2) 0.6( 2*+7)
0.6(10-0.96T,) =0.8(0.287, +7)

6-0.576T, =0.224T, +5.6
0.87,=04
T,=0.5
substitute 7, =0.5 in equation (1), T, :%(10 -0.96(0.5)) :%(9.52) =119
0O 7 119N, TF 05N (Ans).

Question 6

25N

e

20N

Three coplanar forces act at a point. The magnitudes of the forces are 20N, 25N
and 30N, and the directions in which the forces act are as shown in the diagram,
where sin o = 0.28 and cos o= 0.96, and sin = 0.6 and cos = 0.8.
(i) Show that the resultant of the three forces has a zero component in the
x-direction. 2]
(ii) Find the magnitude and direction of the resultant of the three forces. 2]
(iii) The force of magnitude 20N is replaced by another force. The effect is that the
resultant force is unchanged in magnitude but reversed in direction. State the
magnitude and direction of the replacement force. [1]
[N14/P4/Q2]
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Suggested Solution: W CORNER

(i) Resolving the forces horizontally,
D F,=25cosa =30cos B 30N
=(25)(0.96) —(30)(0.8) =24 -24 =0 (Shown).

(ii) Resolving the forces vertically,
ZFy=2551na'+30sin,B—20 e ——
=(25)(0.28) +(30)(0.6) —20 =7 +18 -20 =5N

y
A
|
|
|
|
|
|
|

= > ————— =X
25cosa

O the resultant is of magnitude 5 N acting vertically along the y-axis. (Ans).

(iii) Magnitude of the replacement force is 30 N with direction vertically downward
along y-axis.

20N

Question 7
FN

FN

60°
I5N

GN

Four horizontal forces act at a point O and are in equilibrium. The magnitudes of
the forces are F N, G N, 15 N and F' N, and the forces act in directions as shown
in the diagram.

(i) Show that F'=41.0, correct to 3 significant figures. [3]
(ii) Find the value of G. 2]
[N15/P4/Q1]

Suggested Solution:

(i) Resolving the forces horizontally, we have,

—: Fcos30° =15+ Fcos60° !
= Fcos30°— Fcos60° =15 Fsin 60°i
F(cos30° —cos60°) =15 |

1
0.366F =15 i

FN

15N -~ - iq»----'
F=40983=41.0 N (Shown). Fecos60° 10  Fcos30°

(ii) Resolving the forces vertically,

t:  Fsin30°+ Fsin60° =G
F(sin30° +sin60°) =G
(40.983)(0.5+0.866) =G GN

G =55983=56.0 N (Ans).
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Question 15

3PN

20N

directions shown in the diagram. The system is in equilibrium.

Find P and 6.

Coplanar forces of magnitudes 20 N, PN, 3P N and 4P N act at a point in the

(6]
[J20/P4/Q2]

Suggested Solution:

Resolving the forces horizontally, we have,
—: 20cos@°=3Pcos30°+Pcos30°
20cos@° =4Pcos30° ............ )]

Resolving the forces vertically,
t:  4P+3Psin30° = Psin30°+ 20sin &°
4P +2Psin30° =20sin 8°

20sin@° =5P ............ 2)
Divide eq. (2) by eq. (1),
20sin 6° - 5P
20cos@° 4Pcos30°
5
= =1.44 =55.3° (Ans).
= tané 3 A6A = tan@ 3 = 6=553° (Ans)

Substitute & =55.3° into (2),
5P =20sin55.3° = P=329N (Ans).

Question 16




AL Mathematics (P4) Topic 1 Forces and Equilibrium < Page 13

A block of mass m kg is held in equilibrium below a horizontal ceiling by two W CORNER
strings, as shown in the diagram. One of the strings is inclined at 45° to the
horizontal and the tension in this string is 7 N. The other string is inclined at
60° to the horizontal and the tension in this string is 20 N.

Find T and m. (3]
[N20/P4/Q3]

Suggested Solution:

Resolving the forces horizontally,
—: Tcos45°=20co0s60°
_ 20c0s60°

A

= ~ =141N (Ans).
cos45
|
Resolving the f rticall i 450! !
esolving € rorces vertucally T'sin45 i iz()sin 60°
T Tsin45°+20sin60°=mg ! !
= (14.14)(0.707) +20(0.866) = 10m R e BINLNO L
T cos45° 20 cos 60°
= 2732=10m = m=2.73ke (Ans). l

mg
Alternative Solution:

Using Lami's theorem,

T _ 20

sin150° sin135°
=20, Gn150°=14.14N (Ans).
sin135°

mg  _ 20
sin75° sin135°

m = ,20 xsin75° = 10m=2732 = m=273kg (Ans).
sin135°

Also,

mg

Question 17
34N

1 30N

26N

Coplanar forces of magnitudes 34 N, 30 N and 26 N act at a point in the
directions shown in the diagram.

Given that sina = % and sin@ = %, find the magnitude and direction of the

resultant of the three forces. [6]
[J21/P4/Q2]
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Suggested Solution: ;s
5
Given that, sing = S = cosa = 12 o
13 13 B
o _15 17
s1n0—17 = cos6’—17 8
)
15

Resolving the forces horizontally and vertically,
> F,.=30-34sin@ -26sina

8 5
S |-26| 2
J-2o(33
2. F, =34cos@-26cos @

17
:34(15j—26(2

17 13
O Resultant force, R \/(ZFX)%F (ZF},)2

17
=42 +6> =52 =2JI3N (Ans).

:30—34( j =30-16 -10 =4

j:30—24 =6

Direction, &= tan”! (%j =56.3° anticlockwise from 30 N force.

W CORNER

30N

Question 18

60°

XN
S5kg

60°

A block of mass 5 kg is held in equilibrium near a vertical wall by two

strings are both inclined at 60° to the vertical.

(@ Given that X = 100, find the tension in the lower string.

position shown.

and a horizontal force of magnitude X N, as shown in the diagram. The two

(b) Find the least value of X for which the block remains in equilibrium in the

light strings

4]

[4]
[N21/P4/Q6]
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Suggested Solution: W CORNER

(a) Resolving the forces horizontally,
-1 X =T;sin60°+T,sin60°
= 100=(T, +T;)sin60° = T, +Ty =11547 ... M) T, cos60°

:_ T sin60°
——g-tc-:c-:- XN

Resolving the forces vertically,
Tt T,cos60°=1T,cos60°+5¢
= T, c0860° =T, cos60° =50
= (1, -T,)cos60° =50 = T,-T, =100 .......... 2)

I
15 cos60° [\

Solving equations (1) & (2) simultaneously,
T, +T, = 11547
T, -T, = 100
- + —

2T, =1547 = T,=7735=17.74
O  Tension in the lower stringe 7.74 N  (Ans).

(b) When X has least value, the lower string becomes slack

U Tensionin 75+ 0 7, cos60°
Resolving the forces horizontally and vertically,

-: X =T;sin60° .......... ()

t: Ticos60°=5g

= T,0.5)=50 = T,=100

Substitute 7; =100 into (1), X =100sin60° =86.6
[0 Least value of X 86.6 N. (Ans).

Question 19
60N

14N
50° 60°

16N
20N

Coplanar forces of magnitudes 60 N, 20 N, 16 N and 14 N act at a point in the
directions shown in the diagram.

Find the magnitude and direction of the resultant force. [6]
[J22/P4/Q2]
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60N

Suggested Solution:
Resolving forces horizontally and vertically, we have,

2 F,=20c0s60°-16cos50°-14 = -14.285 N
> F, =60-16sin50°-20sin60° = 30.423N

14N
O Resultant force, R 1/F]CQ-l- Fy2

20cos 60°
- ’__

\{ 1
= (-14.285) +(30.423)° 165in50°! Y20sin60°
]
=4/1129.620 =33.61 N (Ans).
20N
Let 8 be the angle which the resultant force makes with the x-axis
_ . i Fy ) o a(30423) _ oo 4
= tan (Fx = tan 14285 = 64.8
[0 Direction of the resultant force is 180~ 64.8= 115.2 anticlockwise 3040 N
from the positive x-axis. (Ans). ' 115.2°
64.8¢ -\
-1428N [0 x

Question 20

A particle of mass 0.3 kg is held at rest by two light inextensible strings. One
string is attached at an angle of 60° to a horizontal ceiling. The other string is

attached at an angle @° to a vertical wall (see diagram). The tension in the string

attached to the ceiling is 4 N.

Find the tension in the string which is attached to the wall and find the value

of a. (6]
[N22/P4/Q3]

Suggested Solution:

Resolving the forces horizontally,

—: Tsin@°=4cos60° = Tsina°=2 ... ()

Resolving the forces vertically,
t: 4sin60°=0.3g+ Tcosa®
= 34641=3+Tcosa’® = Tcosa®=0.4641.......... )

4sin 60°

Squaring and adding eq. (1) and eq. (2) 4cos60° €77

T?sin? @° +T? cos® a® =2% +(0.4641)°
= T (sin’>a°+cos’a®) =4.2154
= T?=42154 = T=2053=2.05N (Ans).

Substitute T =2.053 into eq. (1),
(2.053)sina°=2 = sin@°=0.9742 = a°=76.9° (Ans).
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(a) Show that (

Question 21

30N 15N

4.4 28.8

2 2
1

JFs) =
30-P) \P+30

33N
Coplanar forces of magnitudes 30 N, 15N, 33 N and P N act at a point in the

directions shown in the diagram, where tana = % The system is in equilibrium.

() Verify that P =6 satisfies this equation and find the value of &.

W CORNER

(4]

2]
[J23/P4/Q3]

Suggested Solution:

(a) Given that, tana =

=

SIS
D
~

/) ]
sina:% and cosa :% 3

Resolving the forces horizontally, we have,

- .

=

=

=

15cosa® +33cosa® =30cos@°+Pcosf°
48cosa® =30cos@° + Pcos8°

48@] = (30 + P)cos 8°
288

e =
COoS 30+ P

28.8=30+P)cosl°’° =

Resolving the forces vertically,

u sz

=

30sin & + 15sin @° = Psin 8° +33sina®
30sin 8° — Psin 8° =33sin a° —15sina ®
30sin 8° — Psin 8° =18sin a°
(30 - P)sin 6° :18(9

14.4

30-P)sinf° =144
( )sin = 0P

Squaring and adding equations (1) & (2),

14.4 28.8 )2

2
sin? 8° +cos® &° 2( ) +(
30-P 30+P

since, sin” @°+cos> 6° =1

14.4 28.8

2 2
- (30—P) +(30+P) =1 (Shown).

sin 6° = .

30N
| o
30sin 05
st + 15cosa
:- o 33cosa®
30005(3"_(7:6i Btamls
PsinB° |
|
Y33sinoc°
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, W CORNER

=1

2
®) ( 14.4 ) +( 28.8 )
30-P P +30

When P =6,
( 14.4 )2 +( 28.8
30-6 6+30

(14.4)2 +(28.8
24 36

2

U

2
=1

U

= (0.6)>+(0.8)> =1
= 036+0.64 =1
= 1=1

[l B 6 satisfies the equation.

Now, using equation (2) of part (a), sin&°= 144
30-P
= sinf° = 144
30-6

= sin@°=06 = 6 =sin"'(0.6) =36.9° (Ans).

Question 22
PN

10N

16N
Four coplanar forces of magnitude PN, 10N, 16 N and 2 N act at a point in the

directions shown in the diagram. It is given that the forces are in equilibrium.

Find the values of & and P. [6]
[J24/P4/Q3]
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Suggested Solution:
Resolving the forces horizontally, we have,
—: 2co0s40°+16sin8° =10cos25°
16sin 8° =10co0s25° —2cos40°
16sin 8° = 7.531
sin 8° =0.4707
&°=28.1°

Resolving the forces vertically,

t:  P=2sin40°+10sin25°+16cos &°
P =25in40°+10sin 25° +16cos 28.1°
P =1.2856 +4.2262 +14.1140
P=19.63N

O & 289, B 19.6N (Ans).

Wg CORNER

PN

Question 23
P 0

450 6°

A

0.2kg 0.1kg
The diagram shows two particles, A and B, of masses 0.2 kg and 0.1 kg respec-
tively. The particles are suspended below a horizontal ceiling by two strings, AP
and BQ, attached to fixed points P and Q on the ceiling. The particles are con-
nected by a horizontal string, AB. Angle APQ =45° and BQP = &°. Each string
is light and inextensible. The particles are in equilibrium.

(@) Find the value of the tension in the string AB. [2]
(b) Find the value of @ and the tension in the string BQ. 4]
[N24/P4/Q4]

Suggested Solution:

(a) Resolving the forces vertically at A
t: T,psind5°=0.2g

———pp————

= TAP(%)ZZ T,psin45°1
= T, =22

Resolving the forces horizontally at A,
-1 T4 =T,pcos45°
1
= Te=22|—=| = T,=2
AB ( \/Ej AB

[J tension in the string AB- 2 N (Ans).

I
I
I
|

A
]
I
I
I

Tosin6°
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Alternative Solution:

Using Lami's theorem,

Tyg _ 0.2g
sin(45°+90°)  sin135°
T.,, _ 02g
sin135°  sin135°
T,5 =02g

T,z =02(10)=2N (Ans).

(b) Resolving the forces horizontally and vertically at B

t: Tposin@=0.1g ........ (1)
= TpocosO° =Typ ccc.c.. (2)
Divide (1) by (2)

Tposin€ 0.1g

Tpp cos 6° T Ty
sin &° :l
cos@® 2
= tan6?°=% —  6°=26565°=26.6° (Ans).

=

Substitute value of & into (1),
T 8in26.565° =0.1g
_0.1(10) _ 1
50 = §n26565° 1500442
[l Tension in string BG 2.24 N (Ans).

= = Tpp=2.24N

W CORNER
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W CORNER

Topic 6
Energy, Work and Power

Question 1

A car of mass 1150 kg travels up a straight hill inclined at 1.2° to the horizontal. The
resistance to motion of the car is 975 N. Find the acceleration of the car at an instant
when it is moving with speed 16 ms~! and the engine is working at a power of 35 kW.

[4]
[J10/P4/Q1]

Suggested Solution:

Driving force, D.F = P 35000 _ 2187.5N
v 16

Applying Newton's 2nd law, ' _A

Net force = ma 2% g cos 1.2°
= D.F-R-mgsinl.2° =ma v
= 2187.5-975-(1150)(10)sin1.2° =1150a ,ﬁi‘ )

5 mg sin 1.2°
971.662=1150a = a=0.845m/s" (Ans). v
mg
Question 2

P and Q are fixed points on a line of greatest slope of an inclined plane. The point Q
is at a height of 0.45m above the level of P. A particle of mass 0.3kg moves upwards
along the line PQ.

(i) Given that the plane is smooth and that the particle just reaches Q, find the
speed with which it passes through P. [3]

(ii) It is given instead that the plane is rough. The particle passes through P with the
same speed as that found in part (i), and just reaches a point R which is between P
and Q. The work done against the frictional force in moving from P to R is0.39J.
Find the potential energy gained by the particle in moving from P to R and hence
find the height of R above the level of P. [4]

[J10/P4/Q5]

Suggested Solution:

(i) Letv ms™ be the speed of the particle at P.
Given that the plane is smooth,
0 KE.atP=PE.atQ

L5
Emv =mgh 0.45m

motion

1
Evz = (10)(0.45) PE.=0 level [

V=9 = vy=3ms" (Ans).



AL Mathematics (P4) Topic 6 Energy, Work and Power <> Page 2

N . . W CORNER
(ii) Applying work-energy relation,

gain in P.E at R =loss in K.E at P — work done against resistance

= %(0,3)(3)2 -0.39 0

=1.35-0.39=096J (Ans).

Let & be the height of point R. 0.45 m

) I

motion |
P.E. at R =0.96 1h
= (0.3)(10)(h) =0.96
31=096 = h©h=032m (Ans). PE. =0 level

Question 3

A cyclist, working at a constant rate of 400 W, travels along a straight road which is

inclined at 2° to the horizontal. The total mass of the cyclist and his cycle is 80 kg.

Ignoring any resistance to motion, find, correct to 1 decimal place, the acceleration of

the cyclist when he is travelling

(i) uphill at 4 ms™!,

(ii) downhill at 4 ms™. (5]

[N10/P4/Q2]

Suggested Solution:
(i) Driving force, DF =PV =400 50 DF

velocity 4
applying newton's 2nd law
Net force = ma

= DF —mgsin2° =ma

R ”‘(\mg cos 2°
_ 100 -800sin2° :\
Lo -4 ng sin 2°
=0.901 ms™ (Ans). 80g
(ii) Driving force, DF = m
velocity

applying newton's 2nd law

Net force = ma \
y mg cos 2°
\

)

= DF +mgsin2° =ma
100 +800sin2° =80a
100 +800sin 2°
4" 80
=1.599=1.60 ms” (Ans).

J H o
V’é mg sin 2
80g
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Question 4

A block of mass 20 kg is pulled from the bottom to the top of a slope. The slope
has length 10 m and is inclined at 4.5° to the horizontal. The speed of the block is
2.5 ms™ at the bottom of the slope and 1.5 ms™' at the top of the slope.

(i) Find the loss of kinetic energy and the gain in potential energy of the block.
(3]

(ii) Given that the work done against the resistance to motion is 50 J, find the work

done by the pulling force acting on the block. [2]
(iii) Given also that the pulling force is constant and acts at an angle of 15° upwards
from the slope, find its magnitude. [2]
[N10/P4/Q4]

Suggested Solution: >

(i) K. at bottom = %(20)(2.5)2 =6257

K.E. at the top = %(20)(1.5)2 =225]

O lossinKE.=62.5-225=40J (Ans). e ——————— FE =0 l_ev::ld

P.E. at bottom = (20)(10)(0) =01
P.E. at the top = (20)(10)(10sin4.5°) =156.92 ]
0 gaininP.E.=156.9-0=156.92=157J (Ans).

(ii) Total mechanical energy at the bottom = K.E.+P.E.
=62.5+0=62.5]
Total mechanical energy at the top = K.E.+P.E.
=22.5+156.92=179.427
using work-energy relation,

Work done by net force = Change in mechanical energy

U

W.D by pulling force — W.D against resistance = change in M.E.
W.D by pulling force —50=179.42-62.5
W.D by pulling force =116.92+50=166.92=167 ] (Ans). F

U

U

(iii) Using, work done = F xd

W.D. by pulling force = (F cos15°)(10)
166.92 =10 F cos15°
166.92

=——— =17.28=173
10 cos15°

O magnitude of pulling force =17.3 N (Ans).

Question 5

A load is pulled along horizontal ground for a distance of 76 m, using a rope. The rope
is inclined at 5° above the horizontal and the tension in the rope is 65 N.

(i) Find the work done by the tension. [2]
At an instant during the motion the velocity of the load is 1.5ms™".
(ii) Find the rate of working of the tension at this instant. [2]

[J11/P4/Q1]

W CORNER

Lh=10sin 4.5°
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Suggested Solution: W CORNER

(i) Work Done = (Tcos 9) x distance
=65¢085°%x76
=4921.2J = 4.92KkJ] (Ans).

(ii) Rate of doing work = Power

= force x velocity
=(65c0s5°)(1.5) = 97.1 W.

Question 6

An object of mass 8kg slides down a line of greatest slope of an inclined plane. Its initial
speed at the top of the plane is 3ms~' and its speed at the bottom of the plane is
8ms~!. The work done against the resistance to motion of the object is 120J. Find the height
of the top of the plane above the level of the bottom. [4]

[J11/P4/Q2]

Suggested Solution:

K.E. at the top = %(8)(3)2 =36J, K.E. atbottom = %(8)(8)2 =25617

0 gaininK.E.=256-36=2201]

P.E. at the top = (8)(10)2 =(80h) J,  P.E. at bottom =07J
O lossinP.E.=80hJ Smis_ _ -

using work-energy relation,
Loss in P.E = gain in K.E + work done against resistance
80h =220+120
h=425m (Ans).

PE. =0 level

Question 7

A racing cyclist, whose mass with his cycle is 75 kg, works at a rate of 720 W while
moving on a straight horizontal road. The resistance to the cyclist’s motion is constant
and equal to R N.

(i) Given that the cyclist is accelerating at 0.16 ms= at an instant when his speed

is 12 ms™!, find the value of R. [3]

(ii) Given that the cyclist’s acceleration is positive, show that his speed is less than
15 ms™h. 2]
[N11/P4/Q1]

Suggested Solution:
(i) Wehave, m=75kg, a=0.16ms?, v=12ms™, P=720W

Driving force, DF = s = 720 =60 N
v 12 12 ms™!
applying Newtons 2nd law, DF &) R
Net Force = ma ‘ z
= DF —R=ma \l/
60— R =(75)(0.16) 75 kg

R=60-12=48 N (Ans).
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(if) Let maximum velocity of the cyclist be v,

X

at maximum velocity, a =0,
= DF=R

Oy = vy =15 ms
48

vmax

as the cyclist is accelerating, it did not reach its maximum velocity.

= speed of the cyclist is less than 15 ms™'  (Shown).

Question 8
A lorry of mass 16 000 kg climbs a straight hill ABCD which makes an angle 6 with the

horizontal, where siné :%0 . For the motion from A to B, the work done by the driving

force of the lorry is 1200 kJ and the resistance to motion is constant and equal to
1240 N. The speed of the lorry is 15 ms™' at A and 12 ms™! at B.

(i) Find the distance AB. [5]
For the motion from B to D the gain in potential energy of the lorry is 2400 kJ.
(ii) Find the distance BD. [1]

For the motion from B to D the driving force of the lorry is constant and equal to
7200 N. From B to C the resistance to motion is constant and equal to 1240 N and from
C to D the resistance to motion is constant and equal to 1860 N.

(iii) Given that the speed of the lorry at D is 7 ms™!, find the distance BC. [4]
[N11/P4/Q6]

Suggested Solution:
(i) Let the distance AB be d,.

KEat A= %(l 6000)(15)> =1800000J, P.Eat A=0

0 Total mechanical energy at A =1800000 J

1 -
KEat B= 5(16000)(12)2 =1152000J 15msl_--

P.Eat B = (16000)(10)(d, sin 6) AQ)

1
= (160000)(d))( ) =800,

0 Total mechanical energy at B =1152000 + 80004,

Using work-energy relation,
work done by net force = change in mechanical energy
W.D by driving force — W.D against resistance = M.E at B—M.E at A
1200000 —1240 % d, = (1152000 + 80004, ) — 1800000
80004, +1240d, =1200000 —1152000 + 1800000
9240d, =1848000 = d, =200

distance AB =200 m (Ans).

R U [

(ii) Let the distance from B to D be d,.
gain in P.E. from B to D =mg(d,sin )
= 2400000 = (16000)(10)(d, X %)

= 2400000 =8000d, = d,=300m
0  distance BD =300 m (Ans).
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(iii) Let the distance BC be d,.

consider the line BF as P.E. =0 level

Total M.E at D =K.E.+P.E.

= %(16000)(7)2 + 2400000 =2792000 J

Total M.E at B=K.E.+P.E.

= %(16000)(1 2)>+0=1152000J

Using work-energy relation,

W.D by driving force — W.D against resistance = M.E at D —M.E at B
(7200)(300) — [(1240)( dy) +(1860)(300 - d, )] =2792000-1152000
2160000 — (1240d; + 558000 —1860d;) =1640000

2160000 — 558000 + 6204, =1640000

620d, =38000

d,=613m

e (S A (A

distance BC =61.3 m (Ans).

Question 9

A block is pulled in a straight line along horizontal ground by a force of constant magnitude
acting at an angle of 60° above the horizontal. The work done by the force in moving
the block a distance of 5 m is 75J. Find the magnitude of the force. [3]

[J12/P4/Q1]

Suggested Solution:
(i) Given that,
Work done =75 J, distance =5 m
work done = force x distance
= 75 = Fcos60°%x5
= 75 =F(0.5)x5
= 75=25F
= F=30N (Ans).

Fcos 60°

Question 10

A car of mass 1250 kg travels from the bottom to the top of a straight hill which has
length 400 m and is inclined to the horizontal at an angle of o, where sina =0.125. The
resistance to the car’s motion is 800 N. Find the work done by the car’s engine in each
of the following cases.

(i) The car’s speed is constant. [4]

(ii) The car’s initial speed is 6 ms™, the car’s driving force is 3 times greater at the top
of the hill than it is at the bottom, and the car’s power output is 5 times greater
at the top of the hill than it is at the bottom. [5]

[J12/P4/Q6]
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Suggested Solution: W CORNER

(i) Given that, m=1250kg, sina =0.125, resistance, R =800 N,

(ii)

Using work-energy relation,

Uy Ul

work done by net force = change in P.E. 7
W.D by driving force — W.D against resistance = P.E. at top — P.E. at bottom g
W.D by car's engine — (800)(400) = m g(400sina) — 0
W.D by car's engine —320000 = (1250)(10)(400 % 0.125)
W.D by car's engine = 625000 + 320000

=945000J

=945kJ (Ans).

400sin O

PE.=0 level

Let the driving force be F}, and power output be P.

At the bottom of the hill, using P =F xv

P

driving force, Fj, = r3

At the top of the hill,  driving force =3F,,, power =5P

O

=

O

P
3k, =2F
Y
3(5)22 = lzé = v=10
6 Y 2 v

velocity of the car at the top of hill =10 ms™

Also,

Total mechanical energy at the bottom = K.E.+P.E
1
= 250)(6)* +0
= 225007

Total mechanical energy at the top = K.E.+P.E

= %(l 250)(10)* + (1250)(10)(400 % 0.125)
=687500 J

Using work-energy relation,

ud Ul

work done by net force = change in mechanical energy
W.D by driving force — W.D against resistance = M.E. at top — M.E. at bottom
W.D by car's engine — (800)(400) = 687500 — 22500
W.D by car's engine — 320000 = 665000
W.D by car's engine = 985000 J
=985kJ (Anms).

Question 11

A block is pushed along a horizontal floor by a force of magnitude 45 N acting at an
angle of 14° to the horizontal (see diagram). Find the work done by the force in moving
the block a distance of 25 m. [3]

45N
14°

[N12/P4/Q1]
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Suggested Solution:
Given that, Force =45 N, distance =25 m

workdone = force X distance
=45c0s14° %25

W CORNER

45 cos 14°
=1091.58=1090J (Ans).

Question 12

(i) the car’s gain in kinetic energy,

(ii) the work done by the car’s engine.

A car of mass 1250 kg moves from the bottom to the top of a straight hill of length 500m.
The top of the hill is 30 m above the level of the bottom. The power of the car’s engine
is constant and equal to 30 000 W. The car’s acceleration is 4 ms~2 at the bottom of the
hill and is 0.2 ms~2 at the top. The resistance to the car’s motion is 1000 N. Find

(5]
(3]
[N12/P4/Q6]

Suggested Solution:

(i) Giventhat, m=1250kg, a,=4ms?, a,=02ms?>, P=30000W,

resistance, R =1000 N, sina = 2 =0.06
500

Driving force at A, D.F, = id = 30000
VA Va

Applying Newton's 2nd law
D.F —mgsinad - R=ma,
30000

= (1250)(10)(0.06) —1000 =1250(4)
Va
30000

=6750 = v, =444 ms™
Va

B
7
- 0.2 ms—2

Driving force at B, D.Fy = i = 30000
Vg Vg

Applying Newton's 2nd law

D.F —mgsina — R =may

2000 _ (1250)10)(0.06) - 1000 = 1250(0.2)
Vp

09— 2000 = v, =15ms”
VB

Gain in kinetic energy =K.E; - K.E,

I S R S
—EmVB - Eva

PE. =0 level

= %(1250)(152 —4.44%) = 128304 J =128 kJ (Ans).

(ii) Using work-energy relation,
work done by net force = change in mechanical energy

W.D by car's engine — 500000 = 503304
W.D by car's engine =1003304 = 1000 kJ (3 sf) (Ans).

uu

W.D by driving force — W.D against resistance = gain in K.E. + gian in P.E.
W.D by car's engine — (1000)(500) =128304 + (1250)(10)(30)
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Question 13

A and B are two points 50 metres apart on a straight path inclined at an angle 6 to the
horizontal, where sin 8 = 0.05, with A above the level of B. A block of mass 16 kg is
pulled down the path from A to B. The block starts from rest at A and reaches B with
a speed of 10 ms™'. The work done by the pulling force acting on the block is 1150 J.

(i) Find the work done against the resistance to motion. [3]

The block is now pulled up the path from B to A. The work done by the pulling force

and the work done against the resistance to motion are the same as in the case of the

downward motion.

(ii) Show that the speed of the block when it reaches A is the same as its speed when
it started at B. [2]

[J13/P4/Q2]

Suggested Solution:

(i) GaininK.E.atB= %mvz -

1
=—(16)(10)> =800 J - |
2 B&~ |7 = 50 sin 6°
Loss in P.E. at B =mgh 10 m/s r:
=(16)(10)(50sin 6) PE. =0 level

= (16)(10)(50%0.05) =400 J

using work-energy relation,

Work done by net force = Change in mechanical energy

= W.D by pulling force — W.D against resistance = gain in K.E —loss in P.E.
= 1150 — W.D against resistance = 800 — 400
= W.D against resistance =1150 —400 =750 J  (Ans).

(ii) KE.atB= (%mvé) J, PE.atB=01J
total mechanical energy at B=K.E.+P.E

| Lo

=—mvy +0=(—mvy)J

2 P )
K.E.atA:(%mvﬁ)J, P.E.at A=400]J

total mechanical energy at A = (%mvﬁ +400)J

using work-energy relation,

W.D by pulling force — W.D against resistance = Change in mechanical energy
1150-750 = (%mvi +400) - (%mvé )
L L
400 =—mv; +400 ——mvy
2 2

LI B
fva—EmvB

2

v, =vg (Shown).
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Question 14

A car of mass 1000 kg is travelling on a straight horizontal road. The power of its engine
is constant and equal to P kW. The resistance to motion of the car is 600 N. At an instant
when the car’s speed is 25 ms™!, its acceleration is 0.2 ms. Find

(i) the value of P, [4]
(ii) the steady speed at which the car can travel. [3]
[J13/P4/Q5]

Suggested Solution:
(i) Given that,
m=1000kg, v=25m/s, R=600N, a=0.2 m/sz, power = P kW =1000P W

W CORNER

R=600 N

Driving force, DF = - =40P
velocity 25
) 25 ms™!
applying Newton's 2nd law, DF
Net force = ma = oo -

DF — R =ma ‘L
40P - 600 =1000(0.2)
40P =800 = P=20W (Ans).

(ii) At steady speed (or maximum speed), acceleration, a =0
= DF =R

1000(20) _ 600 = v= 20000 _
600

v

O steady speed =333 ms”' (Ans).

Question 15

A box of mass 25 kg is pulled in a straight line along a horizontal floor. The box starts
from rest at a point A and has a speed of 3 ms~! when it reaches a point B. The distance
AB is 15 m. The pulling force has magnitude 220 N and acts at an angle of o ° above
the horizontal. The work done against the resistance to motion acting on the box, as the
box moves from A to B, is 3000 J. Find the value of a. [5]

[N13/P4/02]

Suggested Solution:

1
KE.at A= 5(25)(0)2 =0,
!
2
Driving force, DF =220cosa,

KE.at B=

(2532 =112.51]

220cosa’
——————— >

220cos a°
———————— >

Using work-energy relation, F-----—-=- I5Sm -----

work done by net force = change in K.E.

W.D by driving force — W.D against resistance = K.E. at B—K.E. at A
(220cosa)(15)-3000 =112.5-0

3300cosa =3112.5

cosa=09432 = a=194° (Ans).

Uy Ul
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Question 46

A particle of mass 1.6 kg is dropped from a height of 9 m above horizontal
ground. The speed of the particle at the instant before hitting the ground is 12

—1

ms .

Find the work done against air resistance. [3]

[J23/P4/Q1]

Suggested Solution:

Speedat A=0, Speedat B=12ms™'
Using work-energy relation,
Work done by net force = Change in mechanical energy
= W.D by driving force - W.D against resistance = M .E; - M .E,
= W.D against resistance = W.D by driving force —(M.E; —M .E,)

= W.D against resistance =0 — [(P.EB +KEp)-(PE4+ K.EA)}

= W.D against resistance = —(o +%(1 6)(1 2)2) + ((1 6)(10)(9) +0) 12 ms™

W CORNER

9m

1

== >

=-1152+144=28.8] (Ans).

(a)

b)

Question 47

An athlete of mass 84 kg is running along a straight road.

Initially the road is horizontal and he runs at a constant speed of 3 ms™'.
The athlete produces a constant power of 60 W.

Find the resistive force which acts on the athlete. [1]

The athlete then runs up a 150 m section of the road which is inclined at
0.8° to the horizontal. The speed of the athlete at the start of this section
of road is 3 ms~! and he now produces a constant driving force of 24 N.
The total resistive force which acts on the athlete along this section of road
has constant magnitude 13 N.

Use an energy method to find the speed of the athlete at the end of the
150 m section of road. [6]

[J23/P4/Q4]

Suggested Solution:

(a)

Driving force, DF =———=—=20N
velocity 3

at constant speed, DF = resistance force

[0 Resistance force =20 N (Ans).

PE =01level
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(b) Let the speed of athlete at the end of road section be vj.
KEat A= %(84)(3)2 =37817,

PEat A=0
[0 Total mechanical energy at A =378 J e=""

KEat B= %(84)@3)2 =42(vg)*

Wg CORNER

| h=1505in0.8°

O

P.E at B =(84)(10)(150sin0.8) =1759J
U Total mechanical energy at B = 42(vg )2 +1759

Work done by driving force =24 %150 =3600 J
Work done against resistance =13x%150 =1950 J

Using work-energy relation,
work done by net force = change in mechanical energy
W.D by driving force — W.D against resistance = M.E at B-M.E at A

36001950 = 42(vy)? +1759 —378
1650 = 42(v)* +1381

=
=
=
= 42(vg)* =269 = vy = ,/% =253 ms”  (Ans).

Question 48

A block of mass 15 kg slides down a line of greatest slope of an inclined plane.
The top of the plane is at a vertical height of 1.6 m above the level of the bottom
of the plane. The speed of the block at the top of the plane is 2 ms™ and the
speed of the block at the bottom of the plane is 4 ms™.

Find the work done against the resistance to motion of the block. [4]

[N23/P4/Q1]

Suggested Solution:

Speedat A=2ms™', Speedat B=4 ms'

Using work-energy relation,

4 m/s

PE.=0 level

i
l
1.6 m
|

O

Work done by net force = Change in mechanical energy
= W.D by driving force — W.D against resistance = M .Ez; —M .E,
= W.D against resistance = W.D by driving force —(M.E; —M .E,)
= W.D against resistance = 0 —[(P.EB +KEp) - (PE, + K.EA)]

= W.D against resistance = —(0 +%(1 5)(4)2) + ((1 5)(10)(1.6) +%(1 5)(2)2 ]

=-120+240+30=150J (Ans).

PE. =0 level
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Question 49

120N

A block of mass 10 kg is at rest on a rough plane inclined at an angle of 30°
to the horizontal. A force of 120 N is applied to the block at an angle of 20°
above a line of greatest slope (see diagram). There is a force resisting the
motion of the block and 200 J of work is done against this force when the block
has moved a distance of 5 m up the plane from rest.

Find the speed of the block when it has moved a distance of 5 m up the plane
from rest. [5]

[N23/P4/Q3]

Suggested Solution:

KEat A=0, PEat A=0
O Total mechanical energy at A=017J

KEat B= %(10»2 =52

h=5sin30°

P.Eat B =(10)(10)(5sin30°) =250 J

00 Total mechanical energy at B = sv2+250  4\30° [
P.E=0 level

Work done by driving force = 5%120cos 20°
=563.816J

Work done against resistance =200J €777t o00-

Using work-energy relation,

W.D by driving force — W.D against resistance = Mechanical energy at B
—Mechanical energy at A

= 563.816-200 =5v* +250-0

= 113.816 =52
;2 = 113.816

=
5
= v:,/“3'5816:4.77 ms”' (Ans).
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Alternative Solution W CORNER

WD against resistance
Distance

Resistance force, R =

200
== 40N
5

Driving Force, DF =120c0s20°=112.76 N
Applying Newton's 2nd law,
DF —10gsin30°— R =ma
= 112.76 - (10)(10)(0.5) =40 =10a
= 2276=10a = a=2276ms’
Using v:—u® =2as
V2 —0=2(2.276)(5)
= 1¥=2276 = v=477ms" (Ans).

Question 50

A railway engine of mass 120000 kg is towing a coach of mass 60 000 kg up

a straight track inclined at an angle of o to the horizontal where sina =0.02.
There is a light rigid coupling, parallel to the track, connecting the engine and
coach. The driving force produced by the engine is 125000 N and there are
constant resistances to motion of 22000 N on the engine and 13 000 N on the
coach.

(@) Find the acceleration of the engine and find the tension in the coupling.

5]
At an instant when the engine is travelling at 30 ms~!, it comes to a section
of track inclined upwards at an angle [ to the horizontal. The power produced
by the engine is now 4500000 W and, as a result, the engine maintains a constant

speed.
(b) Assuming that the resistance forces remain unchanged, find the value
of B. (4]
[N23/P4/Q6]

Suggested Solution:

(a) Consider the forces acting on the Engine.
Applying Newton's 2nd law,
DF -R-mgsina—-T =ma
125000 —22000-120000(10)(0.02) =T =120000a
125000 -22000 —-24000-T7 =120000a
79000 -T =120000a
T =79000-120000a .......... Q)

U vl
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Consider the forces acting on the Coach.

Applying Newton's 2nd law,

T-R-mgsina =ma Zw /D7F
= T -13000-60000(10)(0.02) = 60000 a T #
= T—13000—_12000:60000a 130{00} T \
= T-25000 = 600004 0\ 120000g cos a°
= T =60000a+ 25000 .......... 2) ﬂﬁ \ Y

______ - L \

Solving Equations (1) & (2) simultaneously, a\‘ 60000g cos 0° 4—\‘

79000 —120000a = 60000a + 25000 Y v 120000gsina
= 79000 - 25000 = 60000 a +120000a PR 120000g
= 54000 =1800004  80000gsina

a= 158%%%% = a=03ms> (Ans). 60000g

Substitute value of a into eq. (2),
T =60000(0.3) +25000 = T =43000N (Ans).

Alternative Solution

By treating Engine and Coach as one system,
Driving force, DF =125000 N

Total mass =120000 + 60000 =180000 kg

Total resistance to motion

= 22000 +13000 +120000g sin a + 60000g sin
=35000+ (120000)(10)(0.02) + (60000)(10)(0.02)
=35000 + 24000 +12000 = 71000 N

Applying Newton's 2nd law,
DF —R=ma
12500071000 =180000a
54000 =180000a
a=03ms> (Ans).
Now, consider the forces acting on the Coach.
Applying Newton's 2nd law,
T-R-mgsina =ma
T —13000 —60000(10)(0.02) = 60000 (0.3)
T —13000—-12000 =18000
T —25000 =18000

=
=
=
= T =43000 N (Ans).
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(b) Considering Engine and the Coach as one body,

Driving force, DF =2 =2299990 _ 155000 N

Total resistance to motion = 22000 +13000 +120000¢ sin 3 +60000g sin 3
=35000 +120000(10) sin B+ 60000(10) sin B
=35000 +1200000sin 3 +600000sin 3
=35000 +1800000sin 3

At constant speed,

DF =Total Resistance to motion
= 150000 =35000+1800000sin 3
= 1800000sin 3 =115000

115000 = B=3.66°=37° (Ans).

= sinB = 1250000

Question 51

A cyclist and bicycle have a total mass of 72 kg. The cyclist rides along a
horizontal road against a total resistance force of 28 N.

Find the total work done by the cyclist to increase his speed from 8 ms™!

to 16 ms~! while travelling a distance of 100 metres. [3]

[J24/P4/Q1]

Suggested Solution:
1

8 ms~ -1
Given that, m =72kg, resistance, R=28N, s=100m, ms 16 ms
Va :8ms_1, vg =16 ms ™! A % ——> DF (ﬁ) 5
Using work-energy relation ‘l' A
g gy ) 72 kg 28 N

Work done by net force = change in K.E.
= W.D by driving force — W.D against resistance = K.E. at B—K.E. at A

= W.D by cyclist —(28)(100) = %(72)(16)2 —%(72)(8)2

= W.D by cyclist - 2800 = %(72) (162 —82)

= W.D by cyclist =36(192) + 2800
=9712] (Ans).

Question 52

A car has mass 1400 kg. When the speed of the car is vms™' the magnitude
of the resistance to motion is kv* N where k is a constant.

(@) The car moves at a constant speed of 24 ms™! up a hill inclined at an angle
of «a to the horizontal where sina =0.12. At this speed the magnitude of
the resistance to motion is 480 N.
(i) Find the value of k. (1]
(i) Find the power of the car’s engine. [3]
(b) The car now moves at a constant speed on a straight level road.

Given that its engine is working at 54 kW, find this speed. [3]
[J24/P4/04]
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Suggested Solution:

(@ (i) Given that, resistance, R =480 N

W CORNER

= kv? =480
= k(24)* =480
480 480 5
k=—— k=— k== (Ans).
= e = 576 3 (Ans)
(ii) At constant speed, Driving force = Resistance to motion DF

Resolving the forces along the plane,
/. DF =R+mgsina
DF =480+ (1400)(10)(0.12)

DF =2160N
Now, Power = DF xvy
=(2160)(24)

=51840 W. (Ans).

(b) Resistance to motion, R =kv?,

Driving force, DF = L
v

At constant speed, DF = R

= £:kv2
y
54000 _5 »
= ==y
v 6
6

= 54000"§ =)’

= 1’ =64800 = v=402ms"' (Ans).

mgsinot/
R=480N/

o 1400g

R=k/’ DF
(®)rm(®)
1400 g

Question 53

this resistance force is 50 J.

A block of mass 20 kg is held at rest at the top of a plane inclined at 30° to
the horizontal. The block is projected with speed 5 ms™! down a line of greatest
slope of the plane. There is a resistance force acting on the block. As the block
moves 2 m down the plane from its point of projection, the work done against

Find the speed of the block when it has moved 2 m down the plane. [4]

[N24/P4/Q2]




AL Mathematics (P4)

Topic 6 Energy, Work and Power < Page 42

Suggested Solution:
K.E. at the top = %(20)(5)2 =250 17,

K.E. at bottom = %(20)@)2 =10v?
O Gainin K.E.=(10v* —250) J

P.E. at the top = mgh
=(20)(10)(2sin 30°) =200 J

P.E. at bottom =0 J
0 LossinP.E.=200-0=2001J

Using work-energy relation,
Loss in P.E = gain in K.E + work done against resistance

200 =10v* =250 +50
200 =10v* - 200
10v? =400
V=40 = v=632ms™' (Ans).

W CORNER

h=2sin30°

PE. =0 level



