4. Forces, density and pressure Moment of force
Moment of a force
Q1 (14/M/J/16/13):

A bicycle pedal is connected to a pivot by a metal bar, as shown.
force 60N

12cm

16cm
The force on the pedal is 60 N downwards. What is the moment of this force about the pivot?

A 72Nm B 9.6Nm C 12Nm D 1200Nm

Q2 (13/0/N/10/11):
A rigid L-shaped lever arm is pivoted at point P.

- iJ

}

‘ SN
2m |

2m

| — iR

3m im

15N

Three forces act on the lever arm, as shown in the diagram.
What is the magnitude of the resultant moment of these forces about point P?

A 15Nm B 20Nm C 35Nm D 75Nm

Q3 (14/M/J/6/1):

A force F is applied to a beam at a distance d from a pivot. The force acts at an angle 6 to a line
perpendicular to the beam.

Which combination will cause the largest turning effect about the pivot?

pi\ir ot ’—':/

[¢ |
d
F D 6
A large large large
B large large small
C small small large
D ismall large small
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4. Forces, density and pressure Moment of force
Q4 (13/0/N/MT7/11):

A rigid circular disc of radius r has its centre at X. A number of forces of equal magnitude F act at
the edge of the disc. All the forces are in the plane of the disc.

Which arrangement of forces provides a moment of magnitude 2Fr about X?

A B
F
F
c D
F
Q F@F
F F
Q5 (12/0/N/20/11)

Two people push a vertical gate to open it. The forces exerted by the people on the gate are
shown.

A
Y

d, , :

_—

A

"

hinge

One person is distance di from the gate’s hinge and pushes with horizontal force F; at angle 61 to
the gate. The other person is at distance d. from the hinge and pushes with horizontal force F. at an

angle 62 to the gate.

What is the total moment about the hinge due to forces F1 and F2?
A (di X F1c0s 64) + (d2 X F2cos &)

B (di x F1sinBq) + (d2 X Fz2sin62)
(o (d1 x Frcos 1) — (d2 x F2cos 62)
D (di x F1sin61) — (d2 x F2sin62)
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4. Forces, density, pressure
Couple

Q1 (14/0/N/15/13):
Which statement best describes a couple?

Couple

A a pair of forces of equal magnitude acting in opposite directions which produce
rotational motion but not translational motion

B a pair of forces of equal magnitude acting in opposite directions which produce
translational motion but not rotational motion

C a pair of forces of equal magnitude acting in the same direction which produce
rotational motion but not translational motion

D a pair of forces of equal magnitude acting in the same direction which produce
translational motion but not rotational motion

Q2 (14/M/J/16/12):

Two coplanar forces act on the rim of wheel. The forces are equal in magnitude.
Which arrangement of forces provides only a couple?

A B c D
Which of the following describes the resultant force and resultant torque on the object?

Q3 (15/0/N/15/12):
Which pair of forces acts only as a couple onsthe circular object?

A B c D

F = 2F
O QF : j |
2F
F F
Q4 (15/M/JM11/12):

The diagrams all show a pair of equal forces acting on a metre rule.
Which diagram shows forces that provide a couple and zero resultant force?

A B c D
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4. Forces, density, pressure Couple

Q5 (12/0/N/M17/13):
Two forces, each of magnitude F, act along the edges of a rectangular metal plate, as shown.
i a ‘
i~ « F
o
. b
F P
* el

The plate has length a and width b. What is the torque about point P?
A Fa B Fb C 2Fa D 2Fb

Q6 (14/0/N/11/11):
A ruler of length 0.30 mis pivoted at its center. Equal and opposite forces of magnitude 2.0 N are
applied to the ends of the ruler, creating a couple as shown.

20N

-+

20N
What is the magnitude of the torque of the couple on the ruler when it is in the position shown?

A 0.23Nm B 0.39Nm C 046Nm D 0.60Nm

Q7 (14/0/N/10/11):
Two parallel forces, each of magnitude F, act on a body as shown.

<

What is the magnitude of the torque on the body produced by these forces?

A Fd B Fs C 2FKd D 2Fs
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4. Forces, density, pressure
Q8 (13/M/JI7/1):

Two 8.0 N forces act at each end of a beam of length 0.60 m. The forces are parallel and act in

opposite directions. The angle between the forces and the beam is 60°.

8.0N
.,‘*’1\60" 0.60m /
/ 60° "
8.0N

What is the torque of the couple exerted on the beam?

A 24Nm B 42Nm C 48Nm D 9.6Nm

Q9 (11/MIJIMT7/12):

In a machine, many couples act on a rotating object as shown.

I — “\"‘-\
. T B
! A N\ N\ 25

N N

-5 -~ ‘,-" /
\, e
N\ y 4
N \ﬁ \ S P
~— - Pr g
\'\_\_L = 2 /

What is the resultant torque acting-on the rotating object?

A 47Nm B 86Nm C 9.3Nm D 171Nm
Q10 (13/MNJI14/12):
456N
30N
30N
The diagram shows four forces applied to a circular object. -
resultant force resultant torque
A non-zero non-zero
B non-zero zero
C zero non-zero
D zero zero

AS Physics P1 topical
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4. Forces, density, pressure Couple
Q11 (12/0/N/17/12):

The diagram shows a solid cube with weight W and sides of length L. It is supported at rest by a
frictionless spindle that passes through the centres of two opposite vertical faces. One of these

faces is shaded.

The spindle is now removed and replaced at a distance % to the right of its original position.

When viewing the shaded face, what is the torque of the couple that will now be needed to keep
the cube at rest?

A % anticlockwise B % clockwise
C % anticlockwise D ? clockwise
Q12 (12/F/IM/21/12):

Two parallel forces, each of magnitude #, acton a rod of length 54.

Which diagram shows the positions of the two forces that will produce the largest torque on the
rod?

A B
F
i od
:-'I—I-
i 1
]
; i
F F F
C D
F
T . 1
: | | ]
T —
F F F
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4. Forces, density, pressure Couple

Q13 (13/0/N/24/12):
Four forces act about a point P, as shown.

50N

The forces act in the same plane and produce no resultant moment about point P.
What is the length XY?

A 6.9m B 12m C 14m D 24m

AS Physics P1 topical 7 Yameen Jadoon



4. Forces, density, pressure Equilibrium

Equilibrium
Q1 (13/M/J/14/13):
What is the condition for an object to be in equilibrium?

A The object’s velocity and the resultant torque on it must both be zero.

B The object’s velocity must be zero.

C The resultant force and the resultant torque on the object must both be zero.
D The resultant force on the object must be zero.

Q2 (13/0/N/15/11):
In which example is it not possible for the underlined body to be in equilibrium?

an aeroplane climbs at a steady rate

an aeroplane tows a glider at a constant altitude

a speedboat changes direction at a constant speed
two tug boats tow a ship into harbor

ooOw>

Q3 (12/0/N/8/1):
A wooden block rests on a rough board. The end of the board is then raised until the block slides
down the plane of the board at constant velocity v.

block

\\V

_board

Which row describes the forces acting on the block when sliding with constant velocity?

frictional force on-block resultant force on block
A down the plane down the plane
B down the plane zero
C up the plane down the plane
D up the plane Zero
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4. Forces, density, pressure Equilibrium
Q4 (13/M/J/6/1):
The diagram shows three forces acting on a body. In which diagram is the body in equilibrium?

A B

Q5 (12M/J/16/13):
Three coplanar forces act on an object in the directions shown. In which diagram could the object be
in equilibrium?

A 8 c o
_ '
‘-.,/‘\., F b Vo — -
£ A A i
o | > | }_‘_ [ )~
A s }\_7_, S
. o r

Q6 (16/M/J/15/13):
The diagrams represent systems of coplanar forces acting-at a point. The lengths of the force
vectors represent the magnitudes of the forces. Which system of forces is in equilibrium?

Q7 (10/0/N/14/12):
A glider is descending at constant speed at an angle of 15° to the horizontal. The diagram shows
the directions of the lift L, air resistance R and weight W acting on the glider.

Which vector triangle could represent the forces acting on the glider?
A B c D

e |
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4. Forces, density, pressure Equilibrium
Q8 (14/0/N/13/13):

A cupboard is attached to a wall by a screw. Which force diagram shows the cupboard in
equilibrium, with the weight W of the cupboard, the force S that the screw exerts on the cupboard

and the force R that the wall exerts on the cupboard?

- n
c 4]
. 4
. -
5 / ‘-_] L
- S (]
i - -4
1 &
R ' i
s ; ' A%
wi [ w _ f
1- | W { W
e of wall -~ ine of wall - 3 o)
1 2 Ine of wat < ina of wal o

Q9 (17/0/N/12/13):
The diagrams show the forces acting on different bodies. Which body cannot be in equilibrium?

A B
- , ’ﬂ ]
I.ff‘ A\
4 5
S \
- P ——,
C D
’( ™
. ¥ i "N

Q10 (14/0/N/14/13):
A cylinder of weight W is placed on a'smooth slope. The contact force of the slope on the cylinder
is R. A thread is attached to the surface of the cylinder. The other end of the thread is fixed. Which

diagram shows the cylinder in equilibrium?

A B
2 — and Tresd
ned a - pont
point A 1 R
¥ " o
» .—3_,- P
{ SN N f Pah,
A A : | J |
\'\j.k" pre ] \< = wrnoolt
1.8 SSope | sOpe
v |
wh N\ wi N\
c D
fined trread
o ™~ R . Irerag R
. v e, -
e 2 ot v, B
) 4 &= i
N 7 \ i 7\
| ¥ ) & A
A\ / Ny J
‘\\ \<’
S smooh T smooth
N siape W
wi N \ we
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4. Forces, density, pressure Equilibrium
Q11 (13/0/N/11/11):
A ladder rests in equilibrium on rough ground against a rough wall.

rough
G - wall

.

rough ground

Its weight W acts through the centre of gravity G. Forces also act on the ladder at P and at Q.
These forces are P and Q respectively. Which vector triangle represents the forces on the ladder?

A o C D

s P e
~—_ pe

Q12 (13/0/N/20/11):
A ball is rolling down a slope at a constant speed. The three forees acting on the ball are its
weight, the contact force normal to the slope and friction.

Which diagram could represent these three forces?

-
-
-

AS Physics P1 topical 11 Yameen Jadoon



4. Forces, density, pressure Equilibrium

Q13 (15/0/N/24/13):
The diagrams show three rigid objects P, Q and R being subjected to different combinations of

forces.

p Q R
300  30°
80N oM 50N\  i/g50N
10N 20N
20N - 10N A 1
6ON 60N
100N

Which objects are in equilibrium?

A. PandQ B. Pand R C. Qand R D. none of them

Q14 (14/M/J/12/12):

A ladder is positioned on icy (frictionless) ground and is leant against a rough wall. At the instant
of release it begins to slide. Which diagram correctly shows the directions of the forces P, W and
R acting on the ladder as it begins to slide?

wall wall
c D
P
P
_|ladder ladder
wall wall
R
"4
ground ground
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4. Forces, density, pressure

Equilibrium

Q15 (13/MIJ/8/1):

Two rigid rods, XZ and YZ, are fixed to a vertical wall at points X and Y.
A load of weight W is hung from point Z. The load is not moving.

77
X
e

¥
Vet

Which diagram shows the forces acting at Z7?
A

force in XZ

force in YZ

C

farce in XZ

farce in YZ

Q16 (12/M/J/16/12):

N

B

__load

B

farce in XZ

force in YZ

D

force in XZ

force in YZ

A light rigid rod XY has an object of weight W fixed at one end. The rod is in equilibrium, resting on
a roller at Z and a vertical wall at-X. The roller exerts a force R on the rod as shown. The diagram

shows the directions, but not the magnitudes, of the forces R and W.

wall ‘x?

RUURRER AR

What is the direction of the force on the rod at X?

A B

v
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4. Forces, density, pressure Equilibrium

Q17 (2/0/N/M13/12):
A pendulum bob is held stationary by a horizontal force H. The three forces acting on the bob are
shown in the diagram.

The tension in the string of the pendulum is T. The weight of the pendulum bob is W.
Which statement is correct?

A H =T cos 30° B T = H sin 30°
G W =T cos 30° D T =W sin 30°
Q18 (11/0/N/10/12):

The diagram shows a rope bridge that a student makes on an adventure training course. The
student has a weight W.

Which formula gives the tension T in‘the rope?

W . w . w W
A T_Zcosﬂ B " 2sin6 c T_cosﬂ D " sin@
Q19 (15/0/N/12/11):

The diagram shows an experiment to measure the force exerted on a ball by a horizontal air flow.

<—air flow

The ball is suspended by a light string and weighs 0.15 N.
The deflection of the string from vertical is 30°. What is the force on the ball from the air flow?

A 0.075N B 0.087N C 0.26N D 0.30N

AS Physics P1 topical 14 Yameen Jadoon



4. Forces, density, pressure Equilibrium

Q20 (18/0/N/12/12):
A picture on a wall is supported by a wire looped over a nail.

The mass of the picture is 4.2kg. What is the tension in the supporting wire?
A 50N B 23N C 49N D 97N

Q21 (11/M/J/14/11):
The diagrams show two ways of hanging the same picture

nail. TRZ
\\

P

diagram 1 diagram 2

In both cases, a string is attached to the.same points on the picture and looped symmetrically
over a nail in a wall. The forces shown are those that act on the nail.

In diagram 1, the string loop is shorter than in diagram 2.

Which information about the magnitude of the forces is correct?

A R1:R2 T]_:Tz B R1:R2 T1>T2
C R1>R2 Tl <T2 D R1<R2 Tl:TZ
Q22 (12/MIJI17/12):

A uniform beam is pivoted at P as shown. Weights of 10N and 20N are attached to its ends.
The length of the beam is marked at 0.1 m intervals. The weight of the beam is 100 N. At which point
should a further weight of 20 N be attached to achieve equilibrium?

» 0.6m i_ 0.4dm _i
| | B |
0m| | |
! A B : D
| i | i
i | | I i I | |
yy
y P 1
10N 20N
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4. Forces, density, pressure Equilibrium

Q23 (11/MIJI17/13):
A uniform beam of mass 1.4 kg is pivoted at P as shown. The beam has a length of 0.60m and P is
0.20m from one end. Loads of 3.0kg and 6.0kg are suspended 0.35m and 0.15m from the pivot

as shown.

0.40m 0.20m

= ==

i

015m | |
1 I

|

-

i 0.35m

/ A
3.0kg |J__| / P |j 6.0kg

centre of beam
of mass 1.4 kg

What is the torque that must be applied to the beam in order to maintain it in equilibrium?

A 0.010Nm B 0.10Nm C 0.29Nm D 28Nm

Q24 (12/MIJ/14/11):
A man holds a 100N load stationary in his hand. The combined weight of the forearm and hand is

20N. The forearm is held horizontal, as shown.

\\‘ \ .
\ [ )
1’ i
|I ﬁ"f‘ .:I-- biceps
} ‘ '! JI_.'_;.
: || u¥ forearm
A\ ‘T‘—i; e—— | L%
Pl T
10om 20N
32 cm ' .
What is the vertical force F needed in the biceps?
A 750N B 800N C 850N D 900N
Q25 (12/0/N/10/12):
A spanner is used to tighten a nut as shown.
|
\
)
'
0.25m '

F = 200N

A force F is applied at right-angles to the spanner at a distance of 0.25 m from the centre of the
nut. When the nut is fully tightened, the applied force is 200 N.

What is the resistive torque, in an anticlockwise direction, preventing further tightening?
A 8Nm B 42Nm C 50Nm D 1250Nm
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4. Forces, density, pressure Equilibrium

Q26 (15/0/N/15/13):
A cross-shaped structure, freely pivoted at O, has arms of lengths 5.0m, 4.0m, 3.0m and 2.0m. It
is acted on by forces of 2.0N, 3.0N, 4.0N and an unknown force F. The structure is in rotational

equilibrium.

=

20m D 40m ’3(,

4.0N

What is the magnitude of force F?

A 040N B 20N C 26N D 44N

Q27 (13/MIJI17/11):
A uniform horizontal footbridge is 12 m long and weighs 4000.N. It rests on two supports X and Y as

shown.
12m

A
L ]

l

4m

support support
X Y

A man of weight 600 N is a distance of 4 m from support X.
What is the upward force on the footbridge from support X?

A 2200N B 2300N C 2400N D 2600N

Q28 (16/0/N/12/11):
A student balances a 30cm ruler on a fulcrum set at the 15cm mark. She then places a 50g
mass on the 23cm mark and a 20g mass on the 11 cm mark, as shown.

20g 50g
£ @ ®
| I 1 1 |

0 7 11 A 23 30

Which mass should she place on the 7 cm mark to restore the balance?

A 30g B 40g C 479 D 133g
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4. Forces, density, pressure Equilibrium
Q29 (14/0/N/7/1):

The diagram shows a plan view of a door which requires a moment of 12Nm to open it.

door

/
wall J-l [ I /vau

- -

0.80m

/
hinge
What is the minimum force that must be applied at the door's midpoint to ensure it opens?

A 4.8N B 9.6N C 15N D 30N

Q30 (17/0/N/12/12):
A rigid uniform beam is pivoted horizontally at its midpoint. Different vertical forces are applied to
different positions on the beam. In which diagram is the beam in equilibrium?

A 10N 8
Scm Scm 4 cm Scm
L
10N 10N
15N
Cc D
2cm 2om 5ecm 25cm 25om 5cm
L
5N 5N 1
10N
15N 14N 15N

Q31 (16/0/N/12/13):

Four beams of the same length each have three forces acting on them.
Which beam has both zero resultant force and zero resultant torque acting?

A B
30N 50N 36N TON
, .T T | I T T !
50cm 30cm 50cm 30cm
Y 9
SON 106N
C D
28N 35N 42N TON
T T A 4
1 . 1 | ]
50cm 30cm 50em 30cm
Y A
63N 112N
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4. Forces, density, pressure Equilibrium
Q32 (15/0/N/11/11):

The diagram shows a child's balancing game.

one ring

pivot

N '
two rings

The wooden rod is uniform and all the rings are of equal mass. Two rings are hung on peg 13 and
one on peg 1. On which hook must a fourth ring be hung in order to balance the rod?

A 2 B 3 c 5 D 6

Q33 (13/MIJ/11/11):

A uniform metre rule of mass 100 g is supported by a pivot at the 40 cm mark and a string at the
100 cm mark. The string passes round a frictionless pulley and carries a mass of 20g as shown in
the diagram.

At which mark on the rule must a 50 g mass be suspended so that the rule balances?
A 4cm B 36cm C 44cm D 64cm
Q34 (16/MNJ/11/12):

A uniform rod XY of weight 10.0 N is freely hinged to a wall at X. It is held horizontal by a force F
acting from Y at an angle of 30° to the horizontal, as shown.

7 |
wall i
X ¥
Y
7 10.0N
What is the value of F?
A 50N B 8.7N C 10.0N D 20.0N
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4. Forces, density, pressure Equilibrium

Q35 (14/M/J/8/1): . . ) . o
A uniform ladder rests against a vertical wall where there is negligible friction. The bottom of the

ladder rests on rough ground where there is friction. The top of the ladder is at a height h above the
ground and the foot of the ladder is at a distance 2a from the wall.
The diagram shows the forces which act on the ladder.

Which equation is formed by taking moments?

A Wa+Fh=2Wa B Fa+Wa=Fh
C Wa+2Wa=Fh D Wa-2Wa =2Fh
Q36 (15/M/J/6/1):

A rigid uniform bar of length 2.4 m is pivoted horizontally at its mid-point.

0.8m 0.8m

Weights are hung from two points of the bar as shown in the diagram. To maintain horizontal
equilibrium, a couple is applied to the /bar.
What is the torque and direction of this-couple?

A 40N m clockwise B 40N m anticlockwise
C 80Nm clockwise D 80N m anticlockwise
Q37 (14/M/J/16/11):
A trailer of weight 30kN is attached to a cab at X, as shown in the diagram.
— cab
trailer
~
ffl"\
© , |
i 30kN i
I 10m i 10m I

What is the upward force exerted at X by the cab on the trailer?

A 3kN B 15kN C 30kN D 60kN
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Equilibrium

4. Forces, density, pressure

Q38 (12/M/J/24/12):
The diagram shows a uniform rod, XY, that is freely hinged toa vertical wall at end Y. The rod is at

an angle of 60° to the wall.
wall—__
rod Y
hinge
E 60°
30°
» 3.0N
not to scale

A force F acts at an angle of 30°to the rod at end X. The rod has a weight of 3.0N and is in

equilibrium.
What is the magnitude of force F?
A. 0.87N B. 1.5N C. 2.6N D.5.2N

Q39 (14/MJ/13/11):
A horizontal bar is supported on a pivot at its centre of gravity. A fixed load is attached to one end
of the bar. To keep the bar in equilibrium, a force F is applied at a distance x from the pivot.

: A l
fixed
load f—f__l—_—l F

How does F vary with x?
A B Cc D
F | F | F | F |
0 0 0 0
0 X 0 X 0 X 0 X

Q40 (15/0/N/13/12):
A uniform metre rule of weight 2.0N is pivoted at the 60cm mark. A 4.0N weight is suspended

from one end, causing the rule to rotate about the pivot.

&RZ7 A7

(f
é weight

40N

uniform metre rule ___
S T A AP g7 P o7 W

pivot —— -£/

At the instant when the rule is horizontal, what is the resultant turning moment about the pivot?
A zero B 14Nm C 1.6Nm D 1.8Nm

Yameen Jadoon
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4. Forces, density, pressure Equilibrium

Q41 (14/MIJI13/12):

A uniform beam of mass 1.4 kg is pivoted at P as shown. The beam has a length of 0.60 m and P is
0.20 m from one end. Loads of 3.0 kg and 6.0 kg are suspended 0.35 m and 0.15 m from the pivot
as shown.

0.40m ~0.20m

.
-

0.35m ~ 0.45m

f & |
3.0kg / P 6.0kg

f
centre of beam
of mass 1.4 kg

Y
[

What torque must be applied to the beam in order to maintain it in equilibrium?
A 0.010Nm B 0.10Nm C 029Nm D 28Nm

Q42 (13/M/J/14/11):
A spindle is attached at one end to the centre of a lever of length 1.20m and at its other end to

the centre of a disc of radius 0.20 m. A string is wrapped round the disc, passes over a pulley and is
attached to a 900 N weight.

What is the minimum force F, applied to each end of the lever, that could lift the weight?

A 75N B 150N C 300N D 950N
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4. Forces, density, pressure Equilibrium

Q43 (14/0/NM7/11):
The diagram shows a motorized vehicle for carrying one person.

direction
of motion

600N 600N

The vehicle has two wheels on one axle. The passenger stands on a platiorm between the
wheels. The weight of the machine is 600 N. Its centre of mass is 200 mm in front of the axle. The
wheel radius is 400 mm. When stationary, a passenger of weight 600 N stands with his centre of
mass 200 mm behind the axle to balance the machine. The motor is nhow switched on to provide a
horizontal force of 90N at the ground to move the vehicle forwards. How far and in which
direction must the passenger move his centre of mass to maintain balance?

A 60mm backwards B 60 mm forwards
C 140 mm backwards D 140 mm forwards
Q44 (15/M/J/M12/11):
The diagram shows a crane supporting a load L:
R
A
i o 4
| AN A AW WA

]

e ——
r—-

:
|
w

A mass provides a balancing load W. The position of the load is such that the system is perfectly
balanced with Wx = Ly. The ground provides a reaction force R. The distance x does not change. If
the load is moved further out so that the distance y increases and the crane does not topple,
which statement is correct?

A B
R R
L] .
"W Y w | '
Y- . —
A horizontal force H acts on the base of the A horizontal force H acts on the base of the
support column towards the left support column towards the nght
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4. Forces, density, pressure Equilibrium

Cc D
R R
L ¥
r PV | » I
[N ‘ | I
W ;L w : I'L

The reaction force R moves 1o the left The reaction force R moves lo the right

Q45 (16/M/J/13/11):

A hinged trapdoor is held closed in the horizontal position by a cable.

Three forces act on the trapdoor: the weight W of the door, the tension T in the cable and the
force H at the hinge.

wall " T

rapdoor

hnge . = - 1

Which list gives the three forces in increasing order of magnitude?
A HTW D W,TH

Q46(13/0/N/20/13)

A shelf PQ is attached to a vertical wall at P and supports a book. The shelf is held horizontal by a

rigid bar XY, as shown.

B THW C WHT

book
wall\ shelf /
/ 7
21 | Q
Y
3.6 W,

The weight of the shelf is Ws and the weight of the book is Ws. The bar is at an angle 6 to the shelf
and exerts a force F on the shelf. The shelf is in equilibrium. What are the magnitudes of the
horizontal and the vertical components of the force of the wall on the shelf at P?

horizontal component vertical component
A Fcosé# (Ws + W, — Fcos @)
B Fcos ¢ (W + W, - Fsing)
Cc Fsin# (W, + W, - Fcos?®)
D Fsind (W, + W, - Fsind)
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Density And Pressure
Q1 (19/0/N/6/1):
Which statement defines the density of the substance?

A the force per unit area acting on the substance

B the increase in length per unit length of the substance
C the mass per unit volume of the substance

D the work done per unit time by the substance

Q2 (1/0/N/16/12):
3

Concrete has a density of 2400kgm™~.
Which mass of concrete fills a rectangular space of dimensions 8.0cm x 90cm x 110cm?

A 79kg B 190kg C 790kg D 1900

Q3 (20/M/J/15/13):
When ice melts, it contracts. Which row is correct for ice turning into water?

distance between
molecules Density
A decreases decreases
B decreases increases
C increases decreases
D increases increases

Q4 (13/M/J/16/11):
A solid metal cylinder stands on a horizontal surface, as shown

area A
Fd

cylinder—___ | ~

surface —___

The cylinder has length x and cross-sectional area A. The cylinder exerts a pressure p on the
surface. The acceleration of free fall is g.
Which expression gives the density of the metal of the cylinder?

A gx B 2, C g D pA
12 agx pA ax
Q5 (18/0/N/9/12):

A rectangular metal bar exerts a pressure of 15 200 Pa on the horizontal surface on which it rests. If
the height of the metal bar is 80 cm, what is the density of the metal?

A 190 kg m3 B 1900 kg m

C 19 000 kg m- D 190 000 kg m™3
AS Physics P1 topical 25 Yameen Jadoon



4. Forces, density and pressure Density and Pressure

Q6 (14/MIJMT7/11):
A metal block has a mass of 750 g. 60% of the mass is magnesium and the remainder is copper.

The density of magnesiumis 1.7 g cm 3.

The density of copperis 9.0g cm™S.

What is the density of the block?
A 25gocm™ B 46gcm™> C 54gcmS D 10.7gcm o

Q7 (13/M/J/16/12):
In a large container in an oil refinery, three oils of different densities are mixed. No chemical
activity occurs.

The mixture consists of

1200 kg of oil of density 1100 kgm™,

1500 kg of oil of density 860 kgm™,

4000 kg of oil of density 910 kgm3,
What is the density of the mixture?

A 927Tkgm™ B 957kgm™> C 1010kgm > D 1080kgm ™

Q8 (19/M/J/M11/11):

1.5 m3 of water is mixed with 0.50 m

density of alcohol is 800kg mS,

3 of alcohol. The density of water is 1000 kg m™ and the

What is the density of the mixture with volume 2.0 mS?

A 850kgm™ B 900kgm™ /. >C 940kgm™> D 950kgm™3
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Q9 (20/0/N/13/13):
3

Gold has a density of 19.3gcm ™.
The volume occupied by a single atom of gold may be considered to be a cube with sides of

length 2.6 x 105 cm.
What is the mass of a gold atom?

A 34%x10%yg B 34x10%g
c 1.3x10"g D 1.3x10"g
Q10 (11/0/N/13/12):

A beam of a-particles collides with a lead sheet. Each a-particle in the beam has a mass of
6.6 x 10%" kg and speed of 1.5 x 10" ms™'.

5.0 x 10'dr a-particles per second collide with an area of 1.0 cm2 of lead. Almost all of the a-
particles are absorbed by lead so that they have zero speed after collision.
What is the estimate of the average pressure exerted on the lead by the a-particles?

A 5.0x 10"° Pa B 5.0x 10" Pa

C 5.0x 10" Pa D 5.0 x 10° Pa
Q11 (21/M/J/15/11):
The diagram shows the arrangement of atoms in a particular crystal.

Each atom is at the corner of a cube.
The mass of each atom is 3.5 x 102° kg. The density of the crystal is 9.2 x 10~ kg.
What is the shortest distance between the centers of two adjacent atoms?

A 3.8x10%m B 6.2x 10" m
(@ 3.4x10"m D 3.0x10%m
Q12 (21/MIJM11/12):

Two solid substances P and Q have atoms of mass Mp and MQ respectively. They have np and nq
atoms per unit volume. The density of P is greater than the density of Q.
What must be correct?

A Mp > Mq B NP > Ng
M

C Mp ne > Mg Ng D Me X0
nP ”’Q
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4. Forces, density and pressure Density and Pressure

Q13 (11/MIJI16/13):

The IKAROS satellite has mass 320 kg and moves through space using a solar sail of area 20m?.
The average solar wind pressure is 1.0 x 10° Nm.

What is the acceleration of the satellite caused by the solar wind?

A 31x108ms™2 B 63x10 ms™?
C 32x103ms2 D 64x102ms2
Q14 (15/MIJ/16/12):
The density of air on the Earth decreases almost linearly with height from 1.22kg m_3 at sea level

to 0.74 kg m_3 at an altitude of 5000 m.

Atmospheric pressure at the Earth’s surface on a particular day is 100000Pa. The value of g
between the Earth’'s surface and an altitude of 5000 m can be considered to have a constant
value of

9.7m 5'2. What will be the atmospheric pressure at an altitude of 5000m?

A 36000 Pa B 48000 Pa C 52000 Pa D 59000 Pa
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Pressure due to Liquid

Q1 (18/M/J/13/13):
The formula for hydrostatic pressure is p = pgh.
Which equation, or principle of physics, is used in the derivation of this formula?

mass
B

A density = potential energy = mgh

volume
C atmospheric pressure decreases with height D density increases with depth

Q2 (15/0/N/17/11):
The derivation of the pressure equation Ap = pgAh uses a number of relationships between
quantities. Which relationship is not used in the derivation of this equation?

mass

A density = B potential energy = mass x acceleration of free fall x height

volume

force

C pressure = D weight = mass x acceleration of free fall

area
Q3 (15/M/J/16/13):
For a change in depth Ahin a liquid of density p, the change in pressure Apis given by Ap =

Ahpg where g is the acceleration of free fall.
What is the equation, or principle of physics, used in the derivation of this formula?

A atmospheric pressure decreases with height
B change in gravitational potential energy = mass'x gAh

mass
C =
P volume

D the density of a fluid increases with depth

Q4 (17/M/J/10/11):
Atmospheric pressure at sea level has avalue of 100 kPa. The density of sea water is
1020 kg m=. At what depth in the sea would the total pressure be 110 kPa?

A 1.0m B 98m C 10m D 11m

Q5 (13/M/JMT7/13):

The diagram represents a sphere under water. P, Q, R and S are forces acting on the sphere due
to the pressure of the water.

waler surface

Each force acts perpendicularly to the sphere’'s surface. P and R act in opposite directions
vertically. Q and S act in opposite directions horizontally. Which information about the magnitudes
of the forces is correct?

A P<RandS=Q B P>RandS=Q
C P=RandS=QandP<S D P=RandS=QandP=S
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4. Forces, density and pressure Pressure due to liquid
Q6 (22/M/J/14/13):

The Mariana Trench in the Pacific Ocean has a depth of about 10 km. Assuming that sea water is

incompressible and has a density of about 1020 kg m_3, what would be the approximate pressure
at that depth?
A 10° Pa B 10°Pa c 10’ Pa D 10®Pa

Q7 (15/MIJIT/):
3

The density of mercury is 13.6 x 103 kgm ~.
The pressure difference between the bottom and the top of a
column of mercury is 100kPa. What is the height of the column?

A 0.75m B 13m C 74m D 72m

Q8 (18/0/N/7/1):

A submarine carries a pressure meter so that the crew can work out how far they are below the
surface of the sea. At the surface, the meter indicates a pressure of 100 kPa. The density of
seawater is 1030 kgm.

What is the depth below the surface when the meter reads 450 kPa?

A 34.6m B 44.5m C 340m D 437m

Q9 (20/0/N/11/12):

A horizontal plate of area 0.036 m2 is beneath the surface of a liquid of density 930 kg m_3. The
force on the plate due to the pressure of the liquid is 290N.
What is the depth of the plate beneath the surface of the liquid?

A 0.88m B 1.13m C/ 87m D 9.1m
Q10 (20/M/J/M11/12):
The diagram shows two vessels, P-and'Q, both with sides inclined at 45°.
vessel P vessel Q

Vessel P tapers outwards and vessel Q tapers inwards, as shown.
Both vessels contain a liquid. The depth of the liquid in the vessels is the same. The liquid in

vessel P is twice as dense as the liquid in vessel Q.

. . ressure due to the liquid on the base of P
What is the ratio 2 L iy
pressure due to the liquid on the base of Q

A = B X cC
1 1
Q11 (19/0/N/10/11):
The Mariana Trench in the Pacific Ocean has a depth of about 10 km.
Assuming that sea water is incompressible and has a density of about 1020 kgm-, what

would be approximate pressure at the depth?

D

=
[ H =

A 10° Pa B 10°Pa C 10’ Pa D 10° Pa
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4. Forces, density and pressure Pressure due to liquid
Q12 (20/0/N/10/12):
3

The pressure at sea level is approximately 100 000 Pa. The density of sea water is 1030kgm™ ™.

What is the approximate pressure 80 m below the surface of the sea?
A 100 000Pa B 180 000Pa C 800000Pa D 900 000Pa

Q13 (18/MIJ/14/12):

Liquid Q has twice the density of liquid R. At depth x in liquid R, the pressure due to the liquid is 4
kPa.

At what depth in liquid Q is the pressure due to the liquid 7 kPa?

7x

A = B —= C = D =
7 8 7 2

Q14 (20/0/N/15/12):
The diagram shows the cross-section of an Olympic-size swimming pool filled with water. It is not
drawn to scale. The density of the water is 1000 kg m_s.

) 50m water -

| 7
235m - [ 2.00m

| ' "~ hottom

6.00m af piod
What is the difference in pressure between X and Y?

A 0.35kPa B 3.4kPa C’' 21.3kPa D 58.9kPa

Q15 (22/0/N/13/12):
Water in a bath varies in depth from. 20.0cm at the shallow end to 30.0cm at the end with the

plug.

_—bath
plug
The density of the water is 1000kg m_s.
What is the pressure of the water acting on the plug?
A 1960Pa B 2450Pa C 2940Pa D 4900Pa
Q16 (20/M/J/15/12):
The maximum pressure that granite rock can withstand is 2.0 x 108 Nm_2. Above this pressure,

the rock begins to flow like a liquid. The density of granite is 2.7 x 103 kg m3.

What would be the height of a pure granite mountain whose base is just beginning to flow?

A 38x10°m B 76x10°m € 37x10%m D 74x10%m
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Q17 (23/0/N/12/13):
The diagram shows a rectangular block of mass 8.2kg immersed in sea water of density

1.10 x 10° kgm™>.

2.20m

s

What is the difference in pressure between the top and bottom surfaces of the block?

A 2.2x10?Pa B 2.2x10° Pa
C 1.8 x 10* Pa D 2.3x10*Pa
Q18 (21/MIJ/13/11):

A bore-hole of depth 2000 m contains both oil and water as shown. The pressure due to the
liquids at the bottom of the bore-hole is 17.5 MPa. The density of the oil is 830 kg m™ and the

density of the water is 1000 kg m_?’.

A

oil X
2000m
water

3

What is the depth x of the 0il?
A 907m B 1000m C 1090m D 1270m
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4. Forces, density and pressure Pressure due to liquid
Q19 (22/0/N/14/13):

The diagram shows two liquids, labelled P and Q, which do not mix. The liquids are in equilibrium
in an open U-tube.

. . dénsityerP
What is the ratio 2510/ Py
density of Q

A

| =
o

= G
3

% D 2
2

Q20 (19/0/N/15/11):

A U-tube closed at one end contains mercury. Air at.a pressure of 5.0 x 10* Pa is trapped at the
closed end. The other end is open to the atmosphere and is fitted with a piston of mass 5.0kg
and cross-sectional area 5.0 x 10 m?,

The density of mercury is 13600kgm~ and-atmospheric pressure is 1.01 x 10° Pa.

My trapped air al
'/pressure 5.0 x 10*Pa

.

area
5.0 10*m?_

piston of mass
50kg—

mercury

What is the height h of the mercury column?

A 37cm B 44cm C 74cm D 110cm
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4. Forces, density and pressure Pressure due to liquid
Q21 (23/M/J/12/12):

A pipe is closed at one end and contains gas, trapped by a column of water.

gas-._|
5.0m

“water

The atmospheric pressure is 1.0 x 10° Pa. The density of water is 1000 kg m.
What is the pressure of the gas? (Useg=10m 5_2.)

A 0.3x 10°Pa B 0.5x10° Pa
C 1.5 x 10° Pa D 1.7 x 10° Pa
Q22 (15/0/N/17/12):

Air is trapped inside a glass bulb which is immersed in water and attached to a U-tube containing
mercury. The densities of water and mercury are pw and pm respectively. The surface of the
water is open to the atmosphere where atmospheric pressure is P.

atmospheric pressure P

; water surface
glass bulb
water
density p,, h
0 | R [ t
* U-tube
mercury
density p_
The acceleration of free fall is g.
What is the pressure of the air in the glass bulb?
A P + gpwhw + gpmhm B P + gpwhw - gpmhm
C gpwhw + gpmbhm D gpwhw - gpmhm
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Q23 (19/0/N/15/13):

A U-tube has one arm of area of cross-section A and the other of cross-section 4A. The tube
3

contains water of density 1000kgm™" and oil of density 850kg m_3, as shown?

e M ittt R

ol -

3 "

30.0cm

_ - waler

The column of oil on top of the water in the left-hand arm is of length 30.0 m.
What is the difference in height x between the levels in the two arms of the tube?

A 45cmB 6.2cmC 23.8 cm D 25.5cm

Q24 (18/0/N/9/1):

The diagram shows a flask connected to a U-tube containing liquid. The flask
contains air at atmospheric pressure.

-liquid
- o

The flask is now gently heated and the liquid level in the right-hand side of the U-tube rises
through a distance h. The density of the liquid is p.

What is the increase in pressure of the heated air in the flask?

A hp B Zhpg c hpg D 2hpg
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Q25 (21/MIJ/15/13):

A W-shaped tube contain two amounts of mercury, each open to the atmosphere. Air at pressure P
is trapped in between them. The diagram shows two vertical distances x and y.

atmospheric atmospheric
pressure pressure
l air at l NOTTO
pressure P SCALE
\'\
L
_____ bl oy o R oD W, e BB T i e
e ; ﬁ
. (O S . T NO—— 83
50mm
_|_——mercury

Atmospheric pressure is equal to the pressure that would be exerted by a column of mercury of
height 760 mm. The pressure P is expressed in this way.
Which values of x, y and P are possible?

x/mm y/mm Fr)r{g:;‘;;f
A 20 20 780
B 20 30 780
C 30 20 810
D 30 30 790
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Q26 (20/M/J/13/12):

Two bulbs X and Y containing air at different pressures are connected by a tube P which contains
two mercury threads.

air pressure air pressure
16000 Pa 8000Pa
X jP Y
o
h h.and h, are
1 h, not to scale

mercury threads

The density of mercury is 13 600 kg m.
Which pair of values of h1 and h2 is possible?

hs/cm 1 hz/cm
A 4.0 2.0
B 6.0 6.0
C 12.0 18.0
D 18.0 12.0
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Types of Forces

Q 1(14/M/J/10/11):

An object, immersed in a liquid in a tank, experiences an upthrust.
What is the physical reason for this upthrust?

A The density of the body differs from that of the liquid.
B The density of the liquid increases with depth.

C The pressure in the liquid increases with depth.

D The value of g in the liquid increases with depth.

Q 2 (13/MNIM12/11):

A cylindrical block of wood has cross-sectional area A and weight W. It is totally immersed in
water with its axis vertical. The block experiences pressures pt and pp at its top and bottom surfaces

respectively.
Which expression is equal to the upthrust on the block?

A (pb—pHA+W = (Pb — pt)

C (pb—PpHA D (Pb —pHA-W
Q 3(11/0/N/17/12):
The diagram shows a block of copper suspended in water:.

The block experiences an upthrust from the water.
Which statement is the basis of an explanation for this upthrust?

\\_“_;7- T '7{_'/
1
- _~-face R
. B g
g

Copper is more dense than water.

The area of face R is greater than the area of face S.
The density of water increases with depth.

The pressure of water increases with depth.

oo0Ow>»
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Q4 (11/M/IJM13/12):
A submarine is in equilibrium in a fully submerged position.

What causes the upthrust on the submarine?

A The air in the submarine is less dense than sea water.

B The sea water exerts a greater upward force on the submarine than the weight.

C The submarine displaces its own volume of sea water.

D There is a difference in water pressure acting on the top and on the bottom of the
submarine.

Q5 (13/0/N/10/12):

The diagrams show a metal cube suspended from a spring balance before and during immersion in
water.

befe duning
MMersion Immerson

A reduction in the balance reading occurs as a consequence of the immersion.
Which statement is correct?

A The balance reading will be further reduced if the cube is lowered further into the water.
B The balance reading during immersion corresponds to the upthrust of the water on the cube.

C The forces acting on the vertical sides of the cube contribute to the change in the
balance reading.

D The gravitational pull on the cube is unchanged by the immersion.
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Q6 (10/M/JIMT7/12):

A metal cylinder is suspended vertically in equilibrium by a cord. The diagram shows the cylinder
in four different positions P, Q, R and S.

Which statement explains the variation of the tension T in the cord?

A At P and at Q, the tension T in the cord is the same because the difference in
pressure between the top and bottom of the cylinder is the same.

B At Q, the tension T in the cord is less than at P because, at smaller depth, liquid
pressure is smaller.

C At R, the tension T in the cord is less than at P because atmospheric pressure is less
than water pressure.

D AtS, the tension T in the cord is greater than at P because atmospheric pressure at S
exerts no force on the top or bottom of the ¢ylinder.

Q7 (14/M/J/15/13):
Four cuboids with identical length, breadth-and height are immersed in water. The cuboids are
held at the same depth and in identical erientations by vertical rods, as shown.

Water has density p.
Cuboid W is made of material of density 4p. Cuboid X is made of material of density 2p.

Cuboid Y is made of material of density p. Cuboid Z is made of material of density 0.5p
Which statement is correct?

The upthrust of the water on each of the cuboids is the same.

The upthrust of the water on W is twice the upthrust of the water on X.
The upthrust of the water on X is twice the upthrust of the water on W.
The upthrust of the water on Y is zero.

o0 m>
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Q8 (12/M/IJMT7/13)
An air bubble is rising through a liquid at a constant speed. The forces on it are the upthrust U,

the viscous drag D and its weight W. Which diagram shows the directions and relative sizes of the
forces?

A B c D
u u u
r~
D
-~ ‘\¥ L "‘:‘) [1/ ) (,«-'ﬂ\"

Q9 (13/0/N/17/13)
A solid sphere falls at constant (terminal) velocity in a liquid. The three forces acting on the
sphere are shown in the diagram.

upthrust U
drag D
not to scale
| weight W
How are the three forces related?
A W+D=U B W>U+D
C W-U=D D W<D+U

Q10 (16/0/N/12/12):
A stationary body floats in water.

Which statement about the forces acting on the body is correct?

A The gravitational force is equal to the viscous force.
B The gravitational force is greater than the upthrust.
C The upthrust is zero.

D The viscous force is zero.
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Q11 (11/0/N/14/12):

A ball is falling at terminal speed in still air. The forces acting on the ball are upthrust, viscous
drag and weight. What is the order of increasing magnitude of these three forces?

A upthrust — viscous drag — weight

B viscous drag — upthrust — weight

C viscous drag — weight — upthrust

D weight — upthrust — viscous drag
Q12 (15/MIJ/15/13):

An air bubble in a tank of water is rising with constant velocity. The forces acting on the bubble
are X, Y and Z as shown.

X

velocity
air bubble -

¥

What describes the three forces?

A Zis the viscous drag on the bubble, Y is the weight of the bubble, X is the upthrust on the
bubbleand X =Y + Z.

B  Zis the viscous drag on the bubble, Y is the weight of the bubble, X is the upthrust on the
bubble and X>Y + Z.

C Zis the weight of the bubble, Y is the viscous drag on the bubble, X is the upthrust on the
bubble and X =Y + Z.

D Zis the weight of the bubble, Yiis‘the viscous drag on the bubble, X is the upthrust on
the bubble and X > Y + Z.
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Q13 (15/0/N/M12/13):
A hailstone, initially stationary at the base of a cloud, falls vertically towards the Earth. The

diagram shows the magnitudes and directions of the forces acting on the hailstone as it starts to
drop.

gravitational  upthrust U viscous
force W force V

, T .

Which diagram shows the magnitudes and directions of these forces when the hailstone attains a
terminal (constant) speed in the air (of uniform density)?

Q14 (16/M/J/12/12):
A sphere is released from rest in a viscous fluid.
Which graph represents the variation with time t of the acceleration a of the sphere?

A B
) a //
/ 7
e /
b rd
> f
0 0 — : (BD .
Cc D
a I a
~ 2 \
~ )
7 X
v ~
/ i
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Types of forces

Q15 (10/M/J/16/12):

A sphere falls from rest through the air. The graph shows the variation with time of the sphere’s

velocity.

|
velocity

time

Which diagram shows the forces acting on the sphere when it is at the velocity corresponding to

point P on the graph?

A B
air resistance
weight weight

Q16 (11/0/N/18/13)

C D

air resistance

air resistance

weight weight

A rigid, hollow sphere is immersed deep in water and released from rest. It experiences an
upthrust which propels it towards the surface of the water. Which graph best shows the variation with

time t of its upward velocity v?

A
! 3
v
0 =
0 t
C
A
v
0 o
0 t
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Q17 (8/M/IJI8/1):

A football is dropped from the top of a tall building.
Which acceleration-time graph best represents the motion of the football through the air?

A B
acceleration acceleralion
] » pb——— -
0 time 0 time
C D
)
acceleration acceleration

| \ _ 0 _

0 time 0 time

Q18 (7/0/N/11/11):

A tennis ball is released from rest at the top of a tall building.
Which graph best represents the variation with time t of the acceleration a of the ball as it falls,
assuming that the effect of air resistance is not-negligible?

A B

0 () S—

Q19 (9/0/N/11/11):

A body falling in a uniform gravitational field encounters air resistance. The air resistance increases
until terminal velocity is reached. Which factor does not affect its terminal velocity?

A the density of the air B the height from which the body falls
C the mass of the body D the shape of the body
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tl.Forces| density, pressure

A stone of mass m is dropped from a tall building. There is significant air resistance. The
acceleration of free fall is g. When the stone reaches its terminal velocity, which information is

correct?

magnitude of the
acceleration of

magnitude of the
force of gravity on

magnitude of the force
of air resistance on the

the stone the stone stone
A g mg mg
B zero mg mg
C zero zero mg
D Zero Zero ZEro

Q21 (16/0/N/13/13):

The graph shows how the total resistive force acting on a train varies with its speed.
Part of this force is due to wheel friction, which is constant. The rest is due to wind resistance.

40
resistive force |l
/KN f
30 ’f
H
/
’j
20
i
P
/"
10 v
=]
0
0 100 150 200

What is the ratio wind resistance

wheel friction

A < B 5 C
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4.Forces, density, pressure Types of forces

Q22 (6/M/J/13/12):

A sky diver falls vertically from a stationary balloon. She leaves the balloon at timet = 0. Attime t =
T, she reaches terminal velocity. Beyond the time shown in the graphs, she opens her parachute.
Which graph shows the variation with time t and the force F due to air resistance?

A B c D
A - Al o
| | | a
| | | |
0 1 B 0 L o 0 1 [ 0 B
0 T 0 T 0 T 0 T
Q23(11/0/N/19/11)

An object of weight W is suspended from a newton meter. When the object is completely immersed
in water, the newton meter reads P. When the object is completely immersed in oil, the newton
meter reads Q.

__oil

. . density of oil
What is the ratio of

density of water
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4. Forces densi

and pressure

Moment of a force

1 B
2 A
3 B
4 A
5 B
Couple
1 A 7 B 13 C
2 D 8 B
3 A 9 A
4 B 10 A
5 B 11 B
6 D 12 D
Equilibrium
1 C 17 C 33 C
2 C 18 B 34 C
3 D 19 B 35 A
4 D 20 C 36 A
5 C 21 B 37 B
6 A 22 B 38 C
7 D 23 D 39 B
8 B 24 C 40 A
9 A 25 C 41 D
10 C 26 B 42 B
11 A 27 C 43 B
12 D 28 B 44 D
13 D 29 D 45 C
14 B 30 C 46 B
15 A 31 D
16 D 32 C
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