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1 (a) Explain what is meant by the centre of gravity of an object.

2]
(b) A non-uniform plank of wood XY is 2.50 m long and weighs 950 N. Force-meters (spring 6
balances) A and B are attached to the plank at a distance of 0.40m from each end, as
illustrated in Fig. 3.1.

IS IIV

force-meter A

2

2.50m
Fig-3.1

When the plank is horizontal, forcestneter A records 570 N.

(i) Calculate the reading ondgrce-meter B.

e ding = cusaanusanniesissssssanmiN
(ii) OnFig. 3.1, mark a likely position for the centre of gravity of the plank.

(iii) Determine the distance of the centre of gravity from the end X of the plank.

u [T £=T "o = B OGN PPN . 1 |

[6]
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2 Two forces, each of magnitude F, form a couple acting on the edge of a disc of radius r, as
shown in Fig.5.1.
F
F
Fig.5.1 \<:\
(a) The disc is made to complete n revolutions about an axis through its centre, ormal to
the plane of the disc. Write down an expression for
*
(i) the distance moved by a point on the circumference of the :ié GQ
distance = (b'
(i) the work done by one of the two forces. Q
work done . 0
(2]
(b) Using your answer to (a), show that the work W done by a couple producing a torque T
when it turns through n revolutions is given by
W'="2nnT. [2]
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(c) A car engine produces a torque of 470 N m at 2400 revolutions per minute. Calculate
the output power of the engine.

O

DOWEIE saen sy e
\2\‘
0
o
YO
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3 A rod AB is hinged to a wall at A. The rod is held horizontally by means of a cord BD,
attached to the rod at end B and to the wall at D, as shown in Fig. 2.1.

wall

\;

O

Fig.2.1 (b.
The rod has weight W and the centre of gravity of t%e@?at C. The rod is held in

equilibrium by a force T in the cord and a force F pro e hinge.
(a) Explain what is meant by

(i) the centre of gravity of a body,

.............................................................................................................................. [2]
(ii) the equilibrium of a body.
.............................................................................................................................. [2]
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(b) The line of action of the weight W of the rod passes through the cord at point P. o

Explain why, for the rod to be in equilibrium, the force F produced at the hinge must also
pass through point P.

.......................................................................................................................................... 6

(c) The forces F and T make angles « and [ respectively with the rod and AC
shown in Fig. 2.1.
Write down equations, interms of F, W, T, e« and f3, to represent %’
(i) the resolution of forces horizontally, 6
V\@' ............................. [1]
(ii) the resolution of forces vertically, O(D,\
e e e e e s e e s TR e R e e e e e e [1]
(iii) the taking of moments about A.
- [1]
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4 (a) Define the torque of a couple.
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2]
(b) A torque wrench is a type of spanner for tightening a nut and bolt to a particular torque, 6
as illustrated in Fig. 3.1.

force F
nut torque scale
[ T~ E
|IIII|IIII|IIII|IIII| I
S :
: |
I
| -
45cm

<<‘2>

The wrench is put on the nut and a force is applied to the handle. A scale indicates the
torque applied.

The wheel nuts on a particular car must be tightened to a torque of 130N m. This is
achieved by applying a force F to the wrench at a distance of 45cm from its centre
of rotation C. This force F may be applied at any angle ¢ to the axis of the handle, as
shown in Fig. 3.1.

For the minimum value of F to achieve this torque,

(i) state the magnitude of the angle ¢ that should be used,

(ii) calculate the magnitude of F.
© UCLES 2009 a7nN2/21 ML 1Na
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5 (a) Define the torque of a couple.
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[2]
(b) A torque wrench is a type of spanner for tightening a nut and bolt to a particular torque, 6
as illustrated in Fig. 3.1.

nut tnrcyescale Q
T E
3 <
mmmrmnm
_-""".'.F.-._
|
-
45cm
Fig. 3.1 (/

2
2
The wrench is put on the nut and a force is appiied to the handle. A scale indicates the
torque applied.

The wheel nuts on a particular car must be tightened to a torque of 130N m. This is
achieved by applying a force F to e wrench at a distance of 45cm from its centre

of rotation C. This force F may k& applied at any angle ¢ to the axis of the handle, as
shown in Fig. 3.1.

For the minimum value of \* to achieve this torque,

(i) state the magnitude of the angle ¢ that should be used,

(ii) calculate the magnitude of F.
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6 (a) State the two conditions necessary for the equilibrium of a body which is acted upon by
a number of forces.

(b) Three identical springs S;, S, and S, are attached to a point A such that the angle
between any two of the springs is 120°, as shown in Fig. 3.1.

Fig. 3.1

The springs have extended elastically and the extensions of S, and S, are x.
Determine, in terms of x, the extension of S; such that the system of springs is in
equilibrium. Explain your working.

BXIENSION Of Sy =i [3]
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(c) The lid of a box is hinged along one edge E, as shown in Fig. 3.2. =

cord

Y z

Fig.3.2 E:}

The lid is held open by means of a horizontal cord aﬁache\m&ige F of the lid. The
centre of gravity of the lid is at point C.

N
On Fig. 3.2 draw O®

>4,
2
(i) an arrow, labelled W, to represent the weight of the lid,

(ii) an arrow, labelled T, to represent the ténsion in the cord acting on the lid,

(iii) an arrow, labelled R, to represent ihie force of the hinge on the lid.

3]

8702/2 O/NO1 [Turn over
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7 (a) Explain what is meant by the centre of gravity of a body.

2]

(b) Anirregularly-shaped piece of cardboard is hung freely from one point near its edge, as

?‘3\
oS
O
>,

cardboard

pivot

Fig. 2.1

Explain why the cardboard will come to rest with its centre of gravity vertically below the
pivot. You may draw on Fig. 2.1 if you wish.

© UCLES 2005 97 02/02/0/NO5
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8 (a) Distinguish between the moment of a force and the torque of a couple.

For
Examiners
A0 100l =] 0 Lo ) A= T (0 (o = D Use

O

e a0 o) s ela e o P o

(b) One type of weighing machine, known as a steelyard, is illustrated |®1’

O

4.8cm| pivot 12 N sliding weight @::d

i—.—'—i
1

NN
R

| T T T TP T P g I PP "I "1 "D

e ™

hook 2.5 N sliaing weight

Fig. 3.1

The two sliding weights catybe moved independently along the rod.

With no load on the hook and the sliding weights at the zero mark on the metal rod, the
metal rod is horizontal. The hook is 4.8 cm from the pivot.

A sack of flour is suspended from the hook. In order to return the metal rod to the

horizontal position, the 12N sliding weight is moved 84cm along the rod and the 2.5N
weight 1Is moved 72 cm.

© UCLES 2008 a7 N OIS
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(i) Calculate the weight of the sack of flour.

For
Examiners
Use

O

weight = ...
(ii) Suggest why this steelyard would be imprecise when weighing objects with
about 25N.
\2\‘
."mm€:> ......................... (1]
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3 (a) (i) Define force.

1]

(ii) State Newton’s third law of motion.

(b) Two spheres approach one another along a line joining their cent
Fig. 3.1.

sphere

Fig. 3.4

When they collide, the average ferce acting on sphere A is F, and the average force
acting on sphere B is Fg.

The forces act for time f, cn\sphere A and time I3 on sphere B.
(i) State the relationship between

1. F, andifs

- and e

1]

(i) Use your answers in (i) to show that the change in momentum of sphere A is equal
in magnitude and opposite in direction to the change in momentum of sphere B.

1]

© UCLES 2010 a7 MAL 114N
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(c) For the spheres in (b), the variation with time of the momentum of sphere A before,

For

during and after the collision with sphere B is shown in Fig. 3.2. Examiner's
Use
15
momentum
toright /Ns
i O
sphere A
5 Y
""..\
0 : ‘—‘[ B
N time
\I\.
sphere B
-5
—10 :
-15
Fig. 3.2
The momentum of sphere B before the collision is also shown on Fig. 3.2.
Complete Fig. 3.2 to show the variation with time of the momentum of sphere B during
and after the collision with sphere A. [3]
© UCLES 2010 Q7NOI2O/MAL 140 [Turn over
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2 (a) State the two conditions that must be satisfied for a body to be in equilibrium. For
Examiner's

(b) Three co-planar forces act on a body that is in equilibrium.

(i) Describe how to draw a vector triangle to represent these forces. ?\:

© UCLES 2010 a7 AL 14N
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(c) A weight of 7.0N hangs vertically by two strings AB and AC, as shown in Fig. 2.1. For

Examiner's
Use

O

Y 70N

Fig. 2.1

For the weight to be in equilibrium, the tension in string AB is T, and in string AC it
is T,.

On Fig. 2.1, draw a vector triangle to determine the magnitudes of T, and T,.

3]

(d) By reference to Fig. 2.1, suggest why the weight could not be supported with the strings
AB and AC both horizontal.

[2]
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3 (a) State the relation between force and momentum.

. [1]
(b) A rigid bar of mass 450¢g is held horizontally by two supports A and B, as shown in

Fig. 3.1.
ball O
i i 45cm 2 : C
— C Ak i ?\

| : JAN=

3 50cm o 25cm %

" i " i’

Fig. 3.1

The support A is 45cm from the centre of gravity C of the support B is 25cm
from C.

W\
A ball of mass 140 falls vertically onto the bar w@}hits the bar at a distance of
50cm from C, as shown in Fig. 3.1.

The variation with time t of the velocity v of the bfabefore, during and after hitting the
bar is shown in Fig. 3.2.

6 TR
.-;__|_
‘t‘-|‘_'1-
.|_ v Fa
o i adtReE
velocity T
downwards N
/m s-1 v.d
Fa
> 7 H
o
-
-'"f
0
0 0.2 0.4 El) 6 0.8 /I’ 0 1.2
A time /s 4
JJF
_2 A
I
|
1
1
|
—4
_B
Fig. 3.2
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For the time that the ball is in contact with the bar, use Fig. 3.2

(i) to determine the change in momentum of the ball,

CHEMGS =i st arnrness k?\‘: [2]

(ii) to show that the force exerted by the ball on the baris 33N. %‘

2
>

[1]

(c) For the time that the ball is in contact with the bar, use data from Fig. 3.1 and (b)(ii) to
calculate the force exerted on the bar by

(i) the support A,

For
Examiner's
Use

O

e e el . |
(ii) the support B.
force = . eeeeee. N [2]
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3 (a) State what is meant by the centre of gravity of a body.

For
Examiner's
Use

2]
(b) A uniform rectangular sheet of card of weight Wis suspended from a wooden rod. The 6
card is held to one side, as shown in Fig. 3.1.

rod

Fig. 3.1

On Fig. 3.1,

(i) mark, and label with th&'ietter C, the position of the centre of gravity of the card,

[1]

(ii) mark with an arrow labelled W the weight of the card. [1]
© UCLES 2010 Q7N IDDNA N
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(c) The card in (b) is released. The card swings on the rod and eventually comes to rest.

For
Examiner's

(i) List the two forces, other than its weight and air resistance, that act on the card | Us
during the time that it is swinging. State where the forces act.

(ii) By reference to the completed diagram of Fig. 3.1, state the position in ihich the

card comes to rest. .
Explain why the card comes to rest in this position.

© UCLES 2010 QTN INONAN [TLII'I"I over
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3 (a) Explain what is meant by centre of gravity. s

Examiner's
Use

- [2]

(b) Define moment of a force. E
(c) A student is being weighed. The student, of weight W, stands 0.30m from En%a

uniform plank AB, as shown in Fig. 3.1.

80N

P
1 0.30m_ f i O

2.0m

Fig. 3 {rot to scale)
The plank has weight 80N angd length 2.0m. A pivot P supports the plank and is 0.50m
from end A.
A weight of 70N is moved o balance the weight of the student. The plank is in equilibrium
when the weight is 0.20m from end B.

(i) State the two conditions necessary for the plank to be in equilibrium.

© UCLES 2011 a7 A 1714
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(ii) Determine the weight W of the student.

For
Examiner's
Use

O

(iii) If only the 70N weight is moved, there is a maximum weight of uﬁe,‘nt that can
be determined using the arrangement shown in Fig. 3.1. St explain one
change that can be made to increase this maximum weight.e
.4<Q:g¢t"mmm"m. L [2]
© UCLES 2011 Q7NOI21/M/1/11 [Turn over
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2 Aclimberis supported by a rope on a vertical wall, as shown in Fig. 2.1.

For
Examiners
Use

wall
Fig. 2.1
The weight W of the climber is 520 N. The rope, of negligible weight, is att cﬁthe climber
and to a fixed point P where it makes an angle of 18° to the vertic eaction force R
acts at right-angles to the wall.
The climber is in equilibrium.
(a) State the conditions necessary for the climber to be in m m.
N
"‘
..[2]
(b) Complete Fig. 2.2 by drawing a labelleavector triangle to represent the forces acting on
the climber.
y W
Fig. 2.2
[2]
© UCLES 2011 Q7NN 171 1
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(c) Resolve forces or use your vector triangle to calculate

For
Examiners

(i) the tension Tin the rope, Use

(ii) the reaction force R.

B = ancasnsnnisansg ity E ... N [1]
(d) The climber moves up the wall and the angle the rope makes with t Y increases.
Explain why the magnitude of the tension in the rope increases. E
.4<Q:g¢t"mmm"m. L[]
© UCLES 2011 Q7N2/23/MA /111 1 [Turn over
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2 (a) Define the torque of a couple.

- [2]

(b) A uniform rod of length 1.5m and weight 2.4 N is shown in Fig. 2.1.

| 1.5m !

Sy
: >T\<\ \ \2\?

weight 2.4 N .
g_ rope
<o

2
2
The rod is supported on a pin passing througin a hole in its centre. Ropes A and B
provide equal and opposite forces of 8.0N.

Fig. 2.1

(i) Calculate the torque on the rod praduced by ropes A and B.

IOIQUe = sens s N L 1]

(ii) Discuss, briefly, whether the rod is in equilibrium.

For
Examiner's
Use

O

- [2]
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(c) The rod in (b) is removed from the pin and supported by ropes A and B, as shown in For

FIQ o Examiner’s
Use

1.5m

rope A rope B
4 4 e }
0.30m

LTI RNTIININNNN
P lweightz.tll\l ??

Fig. 2.2 ¢
Rope A is now at point P 0.30m from one end of the rod and rn@s at the other end.

&
N

(i) Calculate the tension in rope B.

>

tensioninB = ... N[2]
(ii) Calculate the tension in rope A.
IBOSION IR anmsmanasase N 1]
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2 (a) Define

(i) force,

1]

(ii) work done.

(b) A force Facts ona mass m along a straight line for a distance s. The accelerafpn of the
mass is a and the speed changes from an initial speed u to a final 5@

(i) State the work W done by F.

O
\,~ﬂa> [1]

(ii) Use your answer in (i) and an equation of m 'D@}ﬁnw that kinetic energy of a
mass can be given by the expression

24,
2
kinetic energy = % x mass. x {speed)®.

3]

(c) A resultant force of 3800 N causes a car of mass of 1500kg to accelerate from an initial
speed of 15ms~! to a final speed of 30ms~1.

(i) Calculate the distance moved by the car during this acceleration.

distance = ... e eeeeeee. M [ 2]

(ii) The same force is used to change the speed of the car from 30ms~! to 45ms'.
Explain why the distance moved is not the same as that calculated in (i).

© UOLES 2011 G
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3 (a) Define the terms

(i) power,

[1]

(ii) the Young modulus.

(b) A crane is used to lift heavy objects, as shown in Fig. 3.1. E

cable —
object of
mass 1800kg — g S
ground

NN N N N AN N N N N NN NN

Lt

Fig. 3.1

The motor in the crane lifts a total mass of 1800kg from rest on the ground. The
cable supporting the mass is made of steel of Young modulus 2.4 x 10" Pa. The
cross-sectional area of the cable is 1.3 x 1074 m?. As the mass leaves the ground, the
strain in the cable is 0.0010. Assume the weight of the cable to be negligible.

(i) 1. Use the Young Modulus of the steel to show that the tension in the cable is
3.1 x 10*N.

(2]
2. Calculate the acceleration of the mass as it is lifted from the ground.
gecolaralion = e ms2 [3]
© UCLES 2011 Q7N IDWOINA A
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(ii)

(iii)
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The motor now lifts the mass through a height of 15m at a constant speed.

Calculate

1. the tension in the lifting cable,

For
Examiner's
Use

O

= 1T o § P O S L R T o
2. the gain in potential energy of the mass. vc '
\2\‘
gain in potential energy = ‘b'b J [2]
The motor of the crane is 30% efficient. CalculateNaeNnput power to the motor
required to lift the mass at a constant speedg_@t
"‘
INpUt POWEr = . .oeneeieceee e eeee e e W [3]
Q7N IDHONA A [TI..I rn over
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2 A ball is thrown vertically down towards the ground with an initial velocity of 4.23ms™'. The
ball falls for a time of 1.51 s before hitting the ground. Air resistance is negligible.

(a) (i) Show that the downwards velocity of the ball when it hits the ground is 19.0ms™".

2]

(ii) Calculate, to three significant figures, the distance the ball falls to the ground.

distance = ................:

(b) The ball makes contact with the ground for 12.5ms and r s with an upwards

velocity of 18.6ms~1. The mass of the ball is 46.5g.
(i) Calculate the average force acting on the b@@with the ground.

e of force= ... ieevieeeeeee.. N

AIreCtion Of fOrCE ..o e e e et e e eee e
[4]

(ii) Use conservation of energy to determine the maximum height the ball reaches
after it hits the ground.

NRIgN =sanssssrrnnsssmas sy [
(c) State and explain whether the collision the ball makes with the ground is elastic or
inelastic.
..[1]
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3 (a) State Newton’s first law.

[1]

(b) A log of mass 450kg is pulled up a slope by a wire attached to a motor, as shown in
Fig:ad:1.

motor

Fig. 3.1 \rg\.
The angle that the slope makes with the horizontal is 12°. The f@ force acting on

the log is 650 N. The log travels with constant velocity.

(i) With reference to the motion of the log, discuss whﬂ\@'ng is in equilibrium.

(/)"

(ii) Calculate the tension in theaive.

(=1 o[ e ROVSPRPNRER ORISR ' K | |

(iif) State and explain whether the gain in the potential energy per unit time of the log is
equal to the output power of the motor.

For
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O

..[2]
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2 A motor drags a log of mass 452 kg up a slope by means of a cable, as shown in Fig. 2.1.

40.0™ m::nmr

For
Examiner's
Use

O

start and finish
position
of log

Fig. 2.1 Q
The slope is inclined at 14.0° to the horizontal. E

(a) Show that the component of the weight of the log acting down the 5@1 070N.

&\Q’b
>

<;: [1]

(b) The log starts from rest. A constant frictional force of 525N acts on the log. The log
accelerates up the slope at 0.130ms™2.

(i) Calculate the tension in the cable.

tension = ... eeeee. N[3]
© UCLES 2012 Q7NN 14D
WWW.MEGALECTURE.COM Page 32 0136

WWW. Vout ube. conl negal ect ure



what sapp: +92 323 509 4443, enmail: negal ecture@muil . com

o0
MEGA LECTURE
33

(ii) The log is initially at rest at point S. It is pulled through a distance of 10.0m to
point P.

Calculate, for the log,

1. the time taken to move from S to P

2. the magnitude of the velocity at P.

GO

"‘

MBI = oo o sovmnenannn: ms~1 [1]

(c) The cable breaks when the log reaches point P. On Fig. 2.2, sketch the variation with
time t of the velocity v of the log. The graph should show v from the start at S until the

For
Examiner's
Use

O

log returns to S. [4]
A
v
0 -
Q t
Fig. 2.2
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..[1]
(b) A ball of mass 65g hits a wall with a velocity of 5.2ms~"1 perpendicular to the wall. The
ball rebounds perpendicularly from the wall with a speed of 3.7ms~'. The contact time 6
of the ball with the wall is 7.5ms.
Calculate, for the ball hitting the wall,
(i) the change in momentum, Q
\2\‘
change in momentum = ................. é .................. Ns[2]
(ii) the magnitude of the average force. Q@'
BICE = asssase IN 1]
(c) (i) Forthe collision in (b) between the ball and the wall, state how the following apply:
1. Newton's third law,
.............................................................................................................................. [2]
2. the law of conservation of momentum.
..[1]
(ii) State, with a reason, whether the collision is elastic or inelastic.
c2[1]
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1 (a) The drag force D on an object of cross-sectional area A, moving with a speed vthrough
a fluid of density p, is given by

D=1 CoAv?
2
where C is a constant.
Show that C has no unit.
\2\‘
(2]
(b) A raindrop falls vertically from rest. Assume that air resistan gligible.

(i) On Fig. 1.1, sketch a graph to show the variation \.&}e t of the velocity v of the
raindrop for the first 1.0s of the motion. O ('\

10.0 T
8.0 .
.
6.0 :ﬂ
: I
v/ims™ erLf
4.0 s
2.0 i
0
0 1.0 2.0 3.0 4.0 5.0
t/'s
Fig. 1.1
(1]
(ii) Calculate the velocity of the raindrop after falling 1000 m.
VEIOCIY = oo ms™1 [2]
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(c) In practice, air resistance on raindrops is not negligible because there is a drag force. For
This drag force is given by the expression in (a). Examiner's
Use

(i) State an equation relating the forces acting on the raindrop when it is falling at

terminal velocity.
QO

(ii) The raindrop has mass 1.4 x 10°kg and cross-sectional area 7.1 x 108m2. Th
density of the air is 1.2kgm™ and the initial velocity of the raindrop is zero. T,

value of Cis 0.60. Q
1. Show that the terminal velocity of the raindrop is about 7ms™1. ?\
\2\‘
[2]
2. The raindrop reaches terminal velocit % lling approximately 10m. On
Fig. 1.1, sketch the variation with time fof city v for the raindrop. The sketch
should include the first 5s of the motion.
(2]
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