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Answer all the questions in the spaces provided.

o1 (a) Derive the Sl base unit of force.

Sl base unitofforce = ............coevvviiiiiiiininnnnen. 1]

(b) A spherical ball of radius r experiences a resistive force F due to the air as it moves
through the air at speed v. The resistive force F is given by the expression

F = crv,

where c is a constant.

Derive the Sl base unit of the const

Mob: +074 55373670/ 33787500

E-mau:chymrcmuhammad@gmau.com

Slbaseunitofc = .......c.cccoiiiiiiiiiin, [1]
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- (c) The ball is dropped from rest through a height of 4.5m.

(i) Assuming air resistance to be negligible, calculate the final speed of the ball.

(ii) The ball has mass 15g and radius 1.2 cm.

The numerical value of the constant c in the equation in (b) is equal to 3.2 x 10~
when measured using the S| system of units.

Show quantitatively w

[3]
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Examiner’s
2 Arrod AB is hinged to a wall at A. The rod is held horizontally by means of a cord BD, e
attached to the rod at end B and to the wall at D, as shown in Fig. 2.1.
wall \ D cord

7

7

7

7

hinge
7 o S
Y B
rod
w
Fig. 2.1
The rod has weight W and the=centre~of“gravityof thie*rod is at C. The rod is held in
equilibrium by a force T in the cord and a )
(a) Explain what is meant by
(i) the centre of gravity o
" (ii) the equilibrium of a body.
.............................................................................................................................. [2]
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Use

(b) The line of action of the weight W of the rod passes through the cord at point P.

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

..........................................................................................................................................
..........................................................................................................................................

..........................................................................................................................................

(c) The forces F and T make angles o and B respectively with the rod and AC = 2AB, as
shown in Fig. 2.1.

Write down equations, in terms of F, W, T, e and S, to represent

(i) the resolution of forces horizontally,
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3 Astone on a string is made to travel along a horizontal circular path, as shown in Fig. 3.1. ;
or
Examiner's
Use

path of

stone stone

0
Mob: +974 55373671 !3%78750
E-mali:chymre.muham: ad@gmall.com

Fig. 3.1

The stone has a constant speed.

(a) Define acceleration.

.........................................
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(c) The stone has a weight of 5.0 N. When the string makes an angle of 35° to the vertical,
the tension in the string is 6.1 N, as illustrated in Fig. 3.2.

Determine the resultant force acti -tbi«wé in the position shown.

magnitude of force = ............cooiiiiii N

direction of force........ccccooviiiiiiiiiiia [4]
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For
Examiner's
Use



=

4

(a) Define moment of a force.

..............................................................................................................................................

wall
beam

1Y
E-meitchymrcanuhs tinad@gmaiicom

A uniform metal beam AB is pivot
joining end B to the wall at C. Th
makes an angle of 60° with the wall:

A. The beam is supported by a wire

The beam has length 2.8m and wei
tension in the wire is 7. The bea

ad of 4000N is supported from B. The

() By taking moments at oLi/t A ‘shamill

[2]

(i) Calculate the vertical component T, of the tension T.

(iii) State and explain why T, does not equal the sum of the load and the weight of the beam
although the beam is in equilibrium.

...........................................................................................................................................
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Answer all the questions in the‘spaces provided.
@ 8 (@) The Young modulus of the metal of a wire is 1.8 x 10'" Pa. The wire is extended and the strain

produced is 8.2 x 10~4.
Calculate the stress in GPa.

Stress = .. GPa [2]
(b) An electromagnetic wave has frequency 12 THz.

() Calculate the wavelength in um.

(i) State the name of the

™ 75N

Mob: 974 55373670 ¢ ¥ 337
E-matich

Fig. 1.1
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A force of 7.5N towards north and a force of 2.5N from 30° north of east act on B.
The mass of Bis 750g.

() On Fig. 1.1, draw an arrow to show the approximate direction of the resultant of these
two forces. [1]

(ii) 1. Show that the magnitude of the resultant force on B is 6.6 N.

[1]

2. Calculate the ma

(iii) Determine the angle between the direction of the acceleration and the direction of the
7.5N force.

© UCLES 2014 9702/22/0/N/14 [Turn over




@ 6 (@) State the two conditions that must be satisfied for a body to be in equilibrium,

For
Examiner's
R <oy s esms s e b s s o o s s p— e s e et Use
2 et 53343
[2]
(b) Three co-planar forces act on a body that is in equilibrium.
() Describe how to draw a vector triangle to represent these forces.
(i) State how the triangle
........................................... e e 1]
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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

Y70N

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,,.

T35 e omemni s men s s svevg e N
O, N
(3]

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

..........................................................................................................................................
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4 {(a) Distinguish between mass and weight. For
o Examiner's
MIBSS. vt et e eee e eee Use
WEIGNE: ..o
(2]
(b) An object O of mass 4.9kg is suspended by a rope A that is fixed at point P. The object
- is pulled to one side and held in equilibrium by a second rope B, as shown in Fig. 2.1.
P
rope A
Rope A is at an angle 6 to the horizontal and rope B is horizontal. The tension in rope A
is 69N and the tension in rope B is T.
() On Fig. 2.1, draw arrows to represent the directions of all the forces acting on
object O. (2]

© UCLES 2013 9702/21/M/J3




"
(i) Calculate
For
Examiner's
1. the angle ¢, Use

2. the tension T.
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Fig. 2.1
The weight W of the climber is 520 N. The rope, of negligible weight, is attached to the climber
and to a fixed point P where it makes an angle of 18° to the vertical. The reaction force R
acts at right-angles to the wall.
The climber is in equilibrium.
(@) State the conditions necessary for the climber to be in equilibrium.
.................................................................................................... [2]
‘ %
(b) Complete Fig. 2.2 by drawm%a represent the forces acting on
the climber.
Y w
Fig. 2.2
[2]
© UCLES 2011 9702/23/M/J/11




(c) Resolve forces or use your vector triangle to calculate For

N Examiner's
(i) the tension Tin the rope, Use

- (i) the reaction force R.

' e ssmmtne s mmsmn s s st s i oo N [1]

(d) The climber moves up the wall and the angle the rope makes with the vertical increases.
Explain why the magnitude of the tension in the rope increases.

...................................
hd

|
-
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09 ~~ (a) State Newton’s first law, .
Examiner's
e e Use
...................................................................................................................................... [1]
(b) A log of mass 450 kg is pulled up a slope by a wire attached to a motor, as shown in
Fig. 3.1.
. motor
log wire
Mob: +974 55373670/ 3378%500
Fig' 3_1 E-mail:chymrc.muhammad@grhall.com
The angle that the slope makes with the horizontal is 12°. The frictional force acting on
- the log is 650 N. The log travels with constant velocity.
(i) With reference to the motion of the log, discuss whether the log is in equilibrium.
............................................................................. [2]
(i) Calculate the tension in the wire
TeNSION = .o N [3]
(ii) 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.
.............................................................................................................................. [2]
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19 A motor drags a log of mass 452 kg up a slope by means of a cable, as shown in Fig. 2.1. For
Examiner’s
. Use

'\ 0 ‘O M/‘:\

\ motor

start and finish cable
position
of log

Fig. 2.1

The slope is inclined at 14.0° to the horizontal.

(@) Show that the component of the weight of the log acting down the slope is 1070N.

(]

(b) The log starts from rest. A constahﬁ ic force of 525N acts on the log. The log

= accelerates up the slope at 0.13@ m g
£ A
5 = (&« 1 ',
() Calculate the tension in %%ab%e
LeNSION = ..o N [3]

© UCLES 2012 9702/23/M/31 2




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

For
point P. Examiner's
: Use
Calculate, for the log,

1. the time taken to move from S to P

2. the magnitude of the velocity at P,

.....

(c) The cable breaks when the &)é §e§ hes"

time ¢ of the velocity v of the  Tog. The ‘gra ?
log returns to S. Intermational

ig, 2.2, sketch the variation with
%ﬁow v from the start at S until the

(4]

)

Fig. 2.2

© UCLES 2012
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Answer all the questions in the spaces provided.

11 (a) Two forces, with magnitudes 5.0N and 12N, act from the same point on an object.
Calculate the magnitude of the resultant force R for the forces acting

(i) in opposite directions,

(i) at right angles to each other.

(b) An object X rests on a smooth horizontal surface. Two horizontal forces act on X as shown in
Fig. 1.1.

18N

» -
X 55N

Fig. 1.1 (not to scale)

A force of 55N is applied to the right. A force of 18N is applied at an angle of 115° to the
direction of the 55N force.

© UCLES 2017 9702/23/MIJ1T7




(i) Use the resolution of forces or a scale diagram to show that the magnitude of the resultant
force acting on X is 65N.

2]

(ii) Determine the angle between th e é”?‘it force and the 55N force.

BIPUHE: 2= ;oo 3 sommmge s g« s s pesmutire s s 7 s °[2]
(c) Athird force of 80N is now applied to X in the opposite direction to the resultant force in (b).
The mass of X is 2.7kg.

Calculate the magnitude of the acceleration of X.

ACCEEration = .....cocecveeeririeee e eeseeer e ms—2[3]

[Total: 9]
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e

Answer all the questions in the spaces provided.

12 (a) The frequency of an X-ray wave is 4.6 x 1020Hz.

Calculate the wavelength in pm.

wavelength = ..o, pm [3]

(b) The distance from Earth to a star is 8.5 x 10'®m. Calculate the time for light to travel from the
star to Earth in Gs.

............................................. Gs [2]
(c) The following list contains
Underline all the scalar quéntities.
acceleration force weight [1]

(d) A boat is travelling in a flowing e velocity vectors for the boat and the

river water.

water velocity 8.0ms-1

east

boat velocity 14.0ms~!
> . —_—— — — —

Fig. 1.1

The velocity of the boat in still water is 14.0ms™" to the east. The velocity of the water is
8.0ms~" from 60° north of east.

© UCLES 2015 9702/22/0IN/15




() On Fig. 1.1, draw an arrow to show the direction of the resultant velocity of the boat. [1]

(i) Determine the magnitude of the resultant velocity of the boat.

magnitude of VEIOCItY = .......ccccorvvieiviiiiiiiieies e ms! [2]

© UCLES 2015 9702/22/0/N/15 [Turn over




1 3 (@) State Newton's first law of motion.

...................................................................................................................................................

(b) A box slides down a slope, as shown in Fig. 3.1.

4

box

T — — — — — — — — —

Fig. 3.1

The angle of the slope to the horizontal is 20°. The box has a mass of 65 kg. The total resistive
force R acting on the box is constant as it slides down the slope.

() State the names and directions of the:other two forces acting on the box.
L T
2. e
(i) The variation with time
in Fig. 3.2.
8.0
6.0
vims™ L]
4.0 4
2.0 Baaa
0 1.0 2.0
: 0 ' t/'s '
Fig. 3.2
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1. Use data from Fig. 3.2 to show that the acceleration of the box is 2.6 ms=2,

[2]

2. Calculate the resultant force on the box.

TESURANT fOTCE = ..ooviveeeeeeeee e, N [1]

3. Determine the resistive force R on the box.

© UCLES 2014 9702/22/M/J/14 [Turn over




Answer all the questions in the spaces provided. For

_ ' - ) Examiner’s
U (a) Explain the differences between the quantities distance and displacement. Use

..........................................................................................................................................

..........................................................................................................................................

..........................................................................................................................................

..........................................................................................................................................

( tanker

Tug 1 pulls the tanker with a force T, at 25.0°
of T, at 15.0°

direction XY.

to XY. Tug 2 pulls the tanker with a force
to XY. The resultant force R due to the two tugs is 25.0x 103 N in the

() By reference to the forces actin

g on the tanker, explain how the tanker may be
described as being in equilibrium

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................
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(i) 1. Complete Fig. 1.2 to draw a vector triangle for the forces R, T and T, [2] For
Examiner's
Use
R
25.0 x 103N
Fig. 1.2

2. Use your vector triangle in Fig. 1.2 to determine the magnitude of T, and of T,

T3 = ommconssmuanc o semnam s snmams es summonnssssesinme s s N

Ty= i, O ——— N

: [2]

© UCLES 2012 9702/23/IM/1J112 [Turn over




Answer all the questions in the spaces provided.

1 5 (a) State the difference between a scalar quantity and a vector quantity.

SCAIAIT oottt e e

..........................................................................................................................................

(b) Two forces of magnitude 6.0N and 8.0N act at a point P. Both forces act away from
point P and the angle between them is 40°.
Fig. 1.1 shows two lines at an angle of 40° to one another.

P, 400
[
Fig.1.1
On Fig. 1.1, draw a vector diagram to determine the magnitude of the resultant of the
two forces. ‘
magnitude of resultant = .............ccocociiiiiiii. N [4]

© UCLES 2004 9702/02/M/J/04
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Answer all the questions in the spaces provided.

1 6 (@) (i) Distinguish between vector quantities and scalar quantities.

.............................................................................................................................. [2]
(if) State whether each of the following is a vector quantity or a scalar quantity.

1. temperature

.............................................................................................................................. 1]

2. acceleration of free fall

.............................................................................................................................. 1]

3. electrical resistanee

© UCLES 2010 9702/22/0IN/10

For
Examiner’s
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5

(b) A block of wood of weight 25N is held stationary on a slope by means of a string, as For

shown in Fig. 1.1. Examiner's
Use

Hob: +074 55373670 / 33787500
E-mall:chymre.muhammad@gmail.com

Fig. 1.1

The tension in the string is T and the slope pushes on the block with a force R that is
normal to the slope.

- Either by scale drawing on Fig. 1.1 or by calculation, determine the tension T in the
string.

© UCLES 2010 9702/22/0/N/10 [Turn over




1 Z (a) State the two conditions for a system to be in equilibrium.

...............................................................................................................................................
...................................................................................................................................................
...............................................................................................................................................

.................................................................................................................................................

(b) A paraglider P of mass 95kg is pulled by a wire attached to a boat, as shown in Fig. 2.1.

parachute

boat
horizontal

- water

The wire makes an angle of 25° wi ontal water surface. P moves in a straight line

parallel to the surface of the water.
The variation with time tof};%h% velacity v of P is showanlg 2.2.
10.0 t
- /
y
8.0
v/ms™ /
6.0
’l
/
)
/i
4.0 "':'%1 ,
N
20 s prassnen s
0
0 2.0 4.0 6.0 8.0
t/s

Fig. 2.2
© UCLES 2017 §702/21/MII1T7




7

(i) Show that the acceleration of P is 1.4ms2 at time = 5.0s.

(i) Calculate the total distance moved by P from time t=0to t= 7.0s.

dIStANCe = ..o m [2]

(iif) Calculate the change in kinetic energy of P from time t=0to = 7.0s.

change in ki

(iv) The tension in the wire at tim
Calculate, for the horizontal motion.

1. the vertical lift force E sup;aart;ﬂgp, winy

F oz, N [3]
2. the force R due to air resistance acting on P in the horizontal direction.
Bm s N [3]

[Total: 14]

9702/21/MIJ1T [Turn over
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Jb (@ Define centre of gravity.

For
Examiner's
------------------------------------------------------------------------------------------------------------------------------------------ Use
...................................................................................................................................... [2]
. (b) A uniform rod AB is attached to a vertical wall at A. The rod is held horizontally by a

string attached at B and to point C, as shown in Fig. 3.1.

C

wall

Mob: +974 55373670 / 33767500
E-mail:chymrc.muhammad@gmall.com

A yB
—0
M
The angle between the rad and thg stringyat’B §5'60;. The rod has length 1.2m and
weight 8.5N. An object O 15s M.is.bung fr te rod at B. The tension T in the
string is 30N.
() Use the resolution of forces tculate't ‘tical component of T.
vertical component of T= ...c..ooooivoveeeeesee e N [1]
(i) State the principle of moments.

..................................................................................................................................

* © UCLES 2013 9702/22/M/313




(iii)  Use the principle of moments and take moments about A to show that the weight of
the object O is 19N.

For
Examiner’s
Use

3]

(iv) Hence determine the mass M of the object O.

© UCLES 2013 9702/22/M/J13 [Turn over




19 A rod:PQ is attached at P to a vertical wall, as shown in Fig. 3.1.

wall

; 0

1 X : . +074 55373570!3378750

- 0 96 m ) E-mk;o-n:h;r?\rc.muhsmmad@gman.com
t ’ g b
! 307 b=
1

e e

Fig. 3.1

The length of the rod is 1.60 m..The.weight.\W.of.the.rod.acts 0.64m from P. The rod is kept
horizontal and in equilibrium b§/ a wire attg :to Q and tg the wall at R. The wire provides a
force F on the rod of 44N at 30¢ to the hdr

(@) Determine

(i) the vertical component of F.
(]

Vertical COMPONENT = .......c.oviveeieeieeieee et eeeeesees e N [1]

(i) the horizontal component of F.

horizontal COMPONENt = .........ccocoveveereeeeeeeeceeeeeeee e eeeeran, N [1]

(b) By taking moments about P, determine the weight W of the rod.

© UCLES 2015 9702/22/IM/3/15




(c) Explain why the wall must exert a force on the rod at P.

..............................................................................................................................

..................................................................................................................................................

(d) OnFig. 3.1, draw an arrow to represent the force acting on the rod at P. Label your arrow with
the letter S. (1]

© UCLES 2015 9702/22/M/J115 [TUI'I‘I over




Z 0 (a) State the two conditions for an object to be in equilibrium.

f
T ettt v b s s Ye SR b bR et s et eee et e s ettt e e s e een
2. e et R et b s et n e et et ee s e ettt et een e e
(2]
(b) A uniform beam AC is attached to a vertical wall at end A. The beam is held horizontal by a
rigid bar BD, as shown in Fig. 3.1.
7
0.30m » 0.10m ,
C
wall / jre Mob: +074 553;73670 ! :&sw?o
E-mail:chymre. muhammad@gmall.com
| __—bucket
Y 12N
The beam is of length 0.4 et bucket of weight 12N is suspended
by a light metal wire from:end.. eris.a.force on the beam of 33N at 52° to the
horizontal. The beam is in equilibrium.
(i) Calculate the vertical component of the force exerted by the bar on the beam.
component of the force = ........ccccccevivvierie e, N [1]
(i) By taking moments about A, calculate the weight W of the beam.
VAT = o s o 155t 4 g s ssmpms . ey + s N [3]

© UCLES 2016 9702/22/0/N/16




(c) The metal of the wire in (b) has a Young modulus of 2.0 x 10" Pa.

Initially the bucket is empty. When the bucket is filled with paint of weight 78N, the strain of
the wire increases by 7.5 x 107, The wire obeys Hooke's law.

Calculate, for the wire,

() theincrease in stress due to the addition of the paint,

INCTEASE IN SITESS = ..vvviiiiiicireeeeecee e e ee e sreee s Pa [2]

(ii) its diameter.

[Total: 11]
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21 (a) Definethe torque of a couple.

..........................................................................................................................................

: 1.5m !
| i
i I
i i
i
rope A 80N ) :
J | pin :
f
I
“\
K N
rod”” —
weight 2.4 N l v
3.0N | Fope B

The rod is supported on a pin pa: in its centre. Ropes A and B

provide equal and opposite forces o

() Calculate the torque an & Fod proiicEd By F6iies A and B.
CEASSIHED
i’ :%2%- ;i,% LRAT

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................

For
Examiner’s
Use
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6

(¢) Therod in (b) is removed from the pin and supported by ropes A and B, as shown in

. F
Fig. 2.2. : Exam%er’s
Use
' 1.5m :
| B
I !
t
i rope A rope B
[ /
' 0.30m | 1
i
\\ \\ »\‘ \\ N
- A \‘\ N [ b NN
P l
weight 2.4 N
Fig. 2.2
Rope A is now at point P 0.30m from one end of the rod and rope B is at the other end.
(i) Calculate the tension in rope B.

(i) Calculate the tension in rope A.

teNSION N A = oo ee e esi s N [1]

© UCLES 2011 9702/21/0/N/11




2 7 (a) Explain what is meant by centre of gravity. For
Examiner's
------------------------------------------------------------------------------------------------------------------------------------------ Use
..................................................................................................................................... [2]
(b) Define moment of a force.,
..................................................................................................................................... [1]
() A student is being weighed. The student, of weight W, stands 0.30m from end A of a
uniform plank AB, as shown in Fig. 3.1.
- The plank has weight 80 N and Tengt U'P supports the plank and is 0.50m
from end A. ‘ .
A weight of 70N is moved to 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.
Lo oo
2 e ettt see oo e es s
[2]

© UCLES 2011 9702/21/M1IN1




9

(i) Determine the weight W of the student.

For
Examiner's
Use

(iii) If only the 70N weight is moved, there is a maximum weight of student that can
be determined using the arrangement shown in Fig. 3.1. State and explain one
change that can be made to increase this maximum weight.

© UCLES 2011

9702/21/M/J/11 [Turn over




2 3 A uniform plank AB of length 5.0m and weight 200N is placed across a stream, as shown in
Fig. 3.1.

Fa Fg

- A man of weight 880N stands a distanc A. The ground exerts a vertical force F,on
the plank at end A and a vertical force P& Btheplank at end B.
As the man moves along the plank, the plarikis:afways in eqt%librium.
T ACQITIED
(@ () Explain why the sum ¢ f@a@;&gﬁ %f%gi | F. IS, %‘w’%s@ant no matter where the man stands
on the plank. ke :
...................................................................................................................................... [2]
(i) The man stands a distance x = 0.50m from end A. Use the principle of moments to
calculate the magnitude of Fy.

© UCLES 2014 9702/21/M/J" 4
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(b) The variation with distance x of force F, is shown in Fig. 3.2.

1000 I
force/N "
N FA—
500
0
0 1.0 20 30 40 50
x/m
Fig. 3.2
On the axes of Fig. 3.2, sketch a graph to show the variation with x of force Fg. [3]

© UCLES 2014 9702/21/M/J/14 [Turn over




"2 & (a) Acylinderis made from a material of density 2.7 gcm=3. The cylinder has diameter 2.4cm and
"length 5.0cm.

Show that the cylinder has weight 0.60 N.

(3]
(b) The cylinder in (a) is hung from the end A of a non-uniform bar AB, as shown in Fig. 3.1.
. 50cm }
f L 20¢cm ﬂ:
1 bar —— P .—12cm
i ) i B
cylinder i X
. The bar has length 50cm and has weig 25N THe centre of gravity of the bar is 20cm
from B. The bar is pivoted at P. The pivot is 12¢cm from B.
An object X is hung from end B. The weight of X is adjusted until the bar is horizontal and in
equilibrium.
(i) Explain what is meant by centre of gravity.
....................................................................................................................................... [1]
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(i) Calculate the weight of X.

weight of X'= e, N [3]

(c) The cylinder is now immersed in water, as illustrated in Fig. 3.2.

water—\

0.25N

An upthrust acts on the cylinder an ot in equilibrium.

(i) Explain the origin of the upthrué‘i.

B R TR PP TP PR T RNt PRy R R N R R R RN TR R R U

R LR I E R T RIS e B R R P

...........................................................................................................................................

...........................................................................................................................................

...........................................................................................................................................

[Total: 10]
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ya 5 (a Distinguish between the moment of a force and the torque of a couple.

MOMENE Of @ OrCE v oo
OrqUE Of @ COLIPIE ..ottt sttt e st e e enaresenesesons
[4]
(b) One type of weighing machine, known as a steelyard, is illustrated in Fig. 3.1.
4.8 cmf  pivot 12 N sliding weight metal rod
| /
T T 7T 777D

hook

The two sliding weights carbé& moved* ong 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

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

© UCLES 2008 9702/02/0/N/08

For
Examiner's
Use




(i) Calculate the weight of the sack of flour.

(i) Suggest why this steelyard would be imprecise when weighing objects with a weight of
about 25N.

© UCLES 2008 9702/02/0/N/08 [Turn over
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26 (@) Define the torque of a couple.

..........................................................................................................................................

..........................................................................................................................................

(b) Atorque wrenchis a type of spanner for tightening a nut and bolt to a particular torque,
as illustrated in Fig. 3.1.

force F
nut torque scale
/S T~
= AN
Ly T >
45¢cm "

The wrench is put on the nut and a

applied to the handle. A scale indicates the
torque applied. 7

stbeltighteiied to a torque of 130Nm. This is
' chlat. Ldistance of 45cm from its centre
gaggsab-‘@deain@my :angle 0 to the axis of the handle, as

The wheel nuts on a partscui Fg :
achieved by applying a force.. @fﬁ}ﬁe
of rotation C. This force Fimay.be:
shown in Fig. 3.1.

For the minimum value of F to achieve this torque,

(i) state the magnitude of the angle 6 that should be used,

(ii) calculate the magnitude of F,
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2T (a) Define the moment of a force.

..........................................................................................................................................

..................................................................................................................................... 2]
(b) State the two conditions necessary for a body to be in equilibrium.
L
et wraren sy S e S SRR ¥R £ S RS £ SRS e 1 A St £ £ttt
..................................................................................................................................... [2]
(c) Two parallel strings S, and S, are attached to a disc of diameter 12 cm, as shown in
Fig. 3.1.

gise

alring &,

Fig. 3.1

The disc is free to rotate about an axis normal to its plane. The axis passes through the
centre C of the disc.

A lever of length 30 cm is attached to the disc. When a force F is applied at right angles
to the lever at its end, equal forces are produced in S, and S,. The disc remains in
equilibrium.

() On Fig. 3.1, show the direction of the force in each string that acts on the disc.
(1]
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9 For
Examiner's
(i) For a force F of magnitude 150 N, determine e

1. the moment of force F about the centre of the disc,

2. the torque of the couple produced by the forces in the strings,

3. theforcein S1.
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2 8 (a) Define the torque of a couple.

For
Examiner's
------------------------------------------------------------------------------------------------------------------------------------------ Use
...................................................................................................................................... [2]
N (b) A wheel is supported by a pin P at its centre of gravity, as shown in Fig. 4.1.
25¢cm
|
35N
@
35N
Fig. 4.1
The plane of the wheel is vertical.The.wheel.has.radius.25cm.
Two parallel forces each gf 35N act ige of the wheel in the vertical directions
shown in Fig. 4.1. Friction the wheel is negligible.
(i) List two other forces \ Wh State the direction of these forces and
where they act.
L SIURUROURUURUNRE SO0V cu & SO ST el s o i 91 o3 b S NPT
.U SR SR S O
(2]

(ii) Calculate the torque ofthe couple acting ot thie wheel.

(6170 |11 R Y, Sy ——UPO Nm [2]

(iii) The resultant force on the wheel is zero. Explain, by reference to the four forces
acting on the wheel, how it is possible that the resultant force is zero.
.............................................................................................................................. [1]

(iv) State and explain whether the wheel is in equilibrium.
.............................................................................................................................. [1]
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29

(a) State the relation between force and momentum.

(b) A rigid bar of mass 450g is held horizontally by two supports A and B, as shown in
Fig. 3.1.

ball O

l

45¢cm

I
i
i
i

50cm 25¢cm
Fig. 3.1
The support A is 45cm from the centre of gravity C of the bar and support B is 25¢cm
from C.
A ball of mass 1404 falls %f/erﬁcany 5:4h such that it hits the bar at a distance of
50cm from C, as shown in Fig. 3. 5 }
The variation with time t of the v of the ball before, during and after hitting the
bar is shown in Fig. 3.2.
6
velocity
downwards
/Ims!
2
v
4
4
,/
0 A
0 0.2 0.4 6 0.8 A0 1.2
A HHtime /s H
-2 /'
//
//
-4
-6

Fig. 3.2
© UCLES 2010 9702/21/0/N/10
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9

For the time that the ball is in contact with the bar, use Fig. 3.2 For

Examiner’s
(i) to determine the change in momentum of the ball, Use

change = ........ccccocvvveveereren, kgms™ [2]

(ii) to show that the force exerted by the ball on the bar is 33N.

[l
(c) For the time that the ball is in-conta v 2 data from Fig. 3.1 and (b)(ii) to
calculate the force exerted on the. b
(i) the support A,
force = .o N [3]
(ii) the support B.
force = .o, N [2]
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