FORCES, DENSITY AND PRESSURE
AS LEVEL WORKSHEET

The drag force F, acting on an object falling through air is given by MJ2024/21/Q1
1
Fp = 5 CPAV2

where A is the cross-sectional area of the object,
v is the velocity of the object in the air,
p is the density of the air and
C is a constant called the drag coefficient.

(a) Use SI base units to show that the drag coefficient has no units.

3]

(b) Fig. 1.1 shows a sphere falling at terminal velocity in air.

sphere

terminal
velocity

Fig. 1.1

Assume that the upthrust on the sphere is negligible.

On Fig. 1.1, draw and label arrows to show the directions of the two forces acting on the
sphere. (2]

(c) The mass of the sphere is 49g.

Calculate the drag force F acting on the sphere.
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(d) The sphere is falling in air at a terminal velocity of 25 in SI base units.
The density of the air is 1.2 in SI base units.
The diameter of the sphere is 0.060 in SI base units.

Use your answer in (c) to calculate the drag coefficient C for the sphere.

[Total: 10]

; : S MJ2024/23/Q1
The drag force F acting on a sphere falling through a liquid is given by

Fg = 6xnrv
where ris the radius of the sphere,
v is the speed of the sphere in the liquid and

77 is a property of the liquid called the viscosity.

(a) Show that the SI base units of viscosity are kgm=1s~1.

(2]

(b) The sphere has a radius of 3.0cm and is falling vertically downwards at a terminal velocity of
2.0ms™" through the liquid. The drag force acting on the sphere is 0.096N.

Calculate the viscosity of the liquid.

VISCOSItY = oot kgm~'s™1 [2]
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(c) The sphere is shown in Fig. 1.1.

/ sphere

liquid

Fig. 1.1

On Fig. 1.1, draw and label arrows to represent the directions of the three forces acting on
the sphere as it falls at terminal velocity through the liquid. [2]

(d) (i) The density of the liquid is 820kgm™.

Show that the upthrust acting on the sphere is 1.0N.

(2]

(ii) Calculate the mass of the sphere.

MASS = ciiiiieiieieeiiee e e e e e aee e s seernnnn e nan kg [2]

[Total: 10]
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(a) State the conditions for a system to be in equilibrium. ON2023/23/Q3

2]

(b) Fig. 3.1 shows an airship in flight. The airship is propelled by identical fans that can be angled
to control the motion of the airship.

airship

Fig. 3.1

The upthrust on the airship is 93000 N.
The density of the surrounding air is 1.2kgm=3.

(i) Calculate the volume of air displaced by the airship.

VOIUME = ot m3 [1]
(ii) When fully loaded, the weight of the airship is greater than the upthrust.
To maintain horizontal flight, the fans provide a total vertical force of 3.0 x 103N upwards
on the airship.

Calculate the mass of the airship.

MASS = oo e e e e kg [2]
[ ]
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(c) At a certain time, the airship in (b) is stationary. The thrust force exerted by a fan on the
airship is 2800 N.

To produce this force, a mass of 64 kg of air is propelled through the blades of the fan in a
time of 0.50s. Assume that this air is initially stationary at the entrance to the fan.

Calculate:

(i) the change in momentum Ap of the air propelled through the fan blades in this time

(ii) the speed of the air as it leaves the fan

(iif) the total kinetic energy of this air due to its movement through the fan.

kinetic energy = ... J [2]
[Total: 11]
[ ]
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(a) State what is meant by the centre of gravity of an object.

(b) Two blocks are on a horizontal beam that is pivoted at its centre of gravity, as shown in
Fig. 2.1.

0.45m 0.95m 0.35m

: ] A horizontal

beam |

strin
ground 9

Fig. 2.1 (not to scale)

A large block of weight 54 N is a distance of 0.45m from the pivot. A small block of weight
24N is a distance of 0.95m from the pivot and a distance of 0.35m from the right-hand end
of the beam.

The right-hand end of the beam is connected to the ground by a string that is at an angle of
30" to the horizontal. The beam is in equilibrium.

(i} By taking moments about the pivot, calculate the tension T in the string.

(ii) The string is cut so that the beam is no longer in equilibrium.

Calculate the magnitude of the resultant moment about the pivot acting on the beam
immediately after the string is cut.

resulant moment= ... e Nm [1]
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(c}) The beam in (b) rotates when the string is cut and the small block of weight 2.4 N is projected
through the air. Fig. 2.2 shows the last part of the path of the block before it hits the ground at
point Y.

horizontal ground

Fig. 2.2 (not to scale)

At point X on the path, the block has a speed of 3.4ms~! and is at a height of 1.8 m above the
horizontal ground. Air resistance is negligible.

(i) Calculate the decrease in the gravitational potential energy of the block for its movement
from X to Y.

decrease in gravitational potential energy = ... d 2]

(ii) Use your answer to (c)(i) and conservation of energy to determine the kinetic energy of
the block at Y.

Kinetic emengy =i sl ain i [ 3]

(iii) State the variation, if any, in the direction of the acceleration of the block as it moves
from Xto Y.

- [1]
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(iv) The block passes point X at time t,, and arrives at point Y at time t,.

L
On Fig. 2.3, sketch a graph to show the variation of the magnitude of the horizontal
component of the velocity of the block with time from ¢, to ¢t,.
Numerical values are not required.

0 i
horizontal i
component :
of velocity
0 |

t Ey

time

Fig. 2.3
11

[Total: 12]
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A beaker in air contains a liquid. The base of the beaker is in contact with the liquid and has
area A, as shown in Fig. 4.1.

beaker—___ |

:‘-"""-._ ¥

Fig. 4.1

The liquid has density p and fills the beaker to a depth h.
(a) By using the definitions of pressure and density, show that
p=pgh .

where p is the pressure due to the liquid that is exerted on the base of the beaker and g is the
acceleration of free fall.

[3]

(b) Suggest why the equation in (a) does not give the total pressure on the base of the beaker.

- 1]
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(c) Fig. 4.2 shows the variation of the total pressure inside the liquid with depth x below the
surface.

8.66

8.65
pressure/10*Pa F
9.64 L

8.63

B.62 .

8.61

8.60

Fig. 4.2

Determine the density of the liquid.

AENSIY = oo kgm™ [2]
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(d) A solid cylinder is held stationary by a wire so that the base of the cylinder is level with the
surface of the liquid, as shown in Fig. 4.3.

wire

0.53N

cross-sectional area
/ 3.7 x 10~*m?

40x102m

fﬁ,;cylinder
/surface of liquid

Fig. 4.3 (not to scale)

The cylinder has length 4.0 x 10-2m and cross-sectional area 3.7 x 10~*m?Z. The tension in
the wire is 0.53N.

The cylinder is now lowered and then held stationary by the wire so that the top of the cylinder

is level with the surface of the liquid.

Calculate the new tension in the wire.
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A uniform beam AB is attached by a hinge to a wall at end A, as shown in Fig. 3.1.

0.35m 0.15m

string

Jaodanaa. horizontal

hinge

Q&QQE\‘\\\K\
I
m

W 12N

Fig. 3.1 (not to scale)

The beam has length 0.50m and weight W. A block of weight 12 N rests on the beam at a distance
of 0.15m from end B.

The beam is held horizontal and in equilibrium by a string attached between end B and a fixed
point C. The string has a tension of 17N and is at an angle of 50° to the horizontal.

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

[2]
(b) Show that the vertical component of the tension in the string is 13 N.
1]
(c) By taking moments about end A, calculate the weight W of the beam.
W= N [2]
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L]

(d) Calculate the magnitude of the vertical component of the force exerted on the beam by the
hinge.

(e) The block is now moved closer to end A of the beam. Assume that the beam remains
horizontal.

State whether this change will increase, decrease or have no effect on the horizontal
component of the force exerted on the beam by the hinge.
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) State what is meant by the centre of gravity of an object.

(b) A non-uniform rod XY is pivoted at point P, as shown in Fig. 2.1.

. 4.00m . ;
1.70m : i
© 110m i i
X : Y
= & = 4 wire
P &
F 440N sphere
Y
3.0N

Fig. 2.1 (not to scale)

The rod has length 4.00m and weight 44.0N. The centre of gravity of the rod is 1.70m from
end X of the rod. Point P is 1.10m from end X.

A sphere hangs by a wire from end Y of the rod. The weight of the sphere is 3.0N. The weight
of the wire is negligible.

A force F is applied vertically downwards at end X so that the horizontal rod is in equilibrium.

(i) By taking moments about P, calculate F.

(ii) Calculate the force exerted on the rod by the pivot.
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(c) The sphere in (b) is now immersed in a liquid in a container, as shown in Fig. 2.2.

£X

P liquid,

density 1100 kgm3

F
e container

Fig. 2.2

The density of the liquid is 1100kgm™. The upthrust acting on the sphere due to the liquid is
2.5N. The magnitude of F is unchanged so that the horizontal rod is not in equilibrium.

(i) Use Archimedes’ principle to determine the radius r of the sphere.

[ii} Calculate the magnitude and direction of the resultant moment of the forces on the rod
about P.

magnitude of resultant moment = ..., N

direction of resultant MOMBIE ... s et rssses sssssnsinan

2]
[Total: 10]
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A sphere is attached by a metal wire to the horizontal surface at the bottom of a river, as shown in

Fig. 2.1.

sphere
direction of P
flow of water

wire

horizontal

68" " surface

P S S S S A S i A A AT

Fig. 2.1 (not to scale)

The sphere is fully submerged and in equilibrium, with the wire at an angle of 68° to the horizontal
surface. The weight of the sphere is 32 N. The upthrust acting on the sphere is 280 N. The density

of the water is 1.0 x 10%kgm—2.

Assume that the force on the sphere due to the water flow is in a horizontal direction.

(a) By considering the components of force in the vertical direction, determine the tension in the

wire.

tension = ...,
(b) For the sphere, calculate:
(i) the volume
WOl = e s ormn s
(ii) the density.
density = .o
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(a) State what is meant by the centre of gravity of an object.

- 1]

(b) A uniform beam AB is attached by a frictionless hinge to a vertical wall at end A. The beam is
held so that it is horizontal by a metal wire CD, as shown in Fig. 3.1.

C
wire
wall
45N
block
3?0 D -/
A | i B
l . # |
i |
hinge N | Lol
I [
|

0.56m '0.20m 0.20m

Fig. 3.1 (not to scale)
The beam is of length 0.96m and weight 23 M. A block of weight W rests on the beam at a
distance of 0.20m from end B. The wire is attached to the beam at point D which is a distance
of 0.40m from end B. The wire exerts a force on the beam of 45N at an angle of 37° to the
horizontal. The beam is in equilibrium.

(i) Calculate the vertical component of the force exerted by the wire on the beam.

vertical component ofthe force = ..o N[1]

(i) By taking moments about A, calculate the weight W of the block.
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(iii) The hinge exerts a force on the beam at end A.

Calculate the horizontal component of this force.

horizontal componentof force = ... iciccccieeeeee. N [1]
(iv)] The block is now placed closer to point D on the beam.

State whether this change will increase, decrease or have no effect on the tension in the
wire.

. 1]
(v) The stress in the wire is 5.3 x 107 Pa. The wire is now replacea by a second wire that has

a radius which is three times greater than that of the original wire. The tension in the wire
is unchanged.

Calculate the stress in the second wire.

SHEES= i s e Pa [2]
[Total: 9]
[ ]
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10

(c) One end of the spring is attached to a fixed point. A cylinder that is submerged in a liquid is
now suspended from the other end of the spring, as shown in Fig. 3.2.

fixed point
spring,
a extension 4.0cm
- - cylinder,

cross-sectional area
1.2% 103 m?

cylinder Y1 | msemm cylinder,

length 3 weight 6.20N

5.8cm

e liquid
.--"'/'—“fr
Fig. 3.2

The cylinder has length 5.8cm, cross-sectional area 1.2 x 102m? and weight 6.20N. The
cylinder is in equilibrium when the extension of the spring is 4.0cm.

(i} Show that the upthrust acting on the cylinder is 0.60N.

(1

(ii) Calculate the difference in pressure between the bottom face and the top face of the

cylinder.
difference inpressure = ......ooccciiiiiiiciiiiiiceiciieeeenenn. Pa [2]
[ )
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(iii) Calculate the density of the liquid.

HANBI S i

(d) The liquid in (€) is replaced by another liquid of greater density.

State the effect, if any, of this change on:

(i} the upthrust acting on the cylinder

(ii) the extension of the spring.

Cyrus Ish
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11

(a) Define the moment of a force about a point.

- [2]

(b) Fig. 3.1 shows a type of balance that is used for measuring mass.

fixed point P
— mm scale
— 200 spring
. 52.6cm
- L)
j 1 G pan
pointer ; 1.8cm | !
d ivot ; i
Jdo = . ; 6.2cm |

Fig. 3.1 (not to scale)
A rigid rod is pivoted about a point 6.2cm from the centre of a pan which is attached to one
end. The object being measured is placed on the centre of this pan.

A spring, attached to the rod 1.8 cm from the pivot, is attached at its other end to a fixed point
P. The spring obeys Hooke's law over the full range of operation of the balance.

A pointer, on the other side of the pivot, is set against a millimetre scale which is a distance
52.6 cm from the pivot.

When the system is in equilibrium with no mass on the pan, the rod is horizontal and the
pointer indicates a reading on the scale of 86 mm.

An object of mass 0472kg is now placed on the pan. As a result, the pointer moves to
indicate a reading of 123mm on the scale when the system is again in equilibrium.

(i) Show that the increase in the length of the spring is approximately 1.3mm.

[2]
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(ii) Calculate the magnitude of the moment about the pivot of the weight of the object.

MRk = ki G N [2]

(iii) Use your answer in (b)(ii) to determine the increase in the tension in the spring due to
the 0.472kg mass.

increase intension = . niinnaiiiiieaeas N [2]

(iv) Use the information in (b)(i) and your answer in (b){iii) to determine the spring constant
k of the spring. Give a unit with your answer.

K= oo seeneeeessessee. URE oo, [2]

[Total: 10]
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12

(a) Define velocity.

. M

(b) A remote-controlled toy aircraft is flying horizontally in a wind. Fig. 3.1 shows the velocity
vectors, to scale, of the wind and of the aircraft in still air.

north

wind velocity ~a_54
23ms™!

/(
e ceddiioon

aircraft velocity
in still air
42ms!

Fig. 3.1

L
The velocity of the aircraft in still air is 42m s~ to the north. The velocity of the wind is 23ms™"
in a direction of 54" east of south.

Determine the magnitude of the resultant velocity of the aircraft.

magnitude of vEIoGItlY = ... ME [2]

Ish
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(c) The engine of the aircraft in (b) stops. The aircraft then glides towards the ground with a
constant velocity at an angle #to the horizontal, as illustrated in Fig. 3.2.

aireraft,
weight 46N

280m

glide path
of aircraft

horizontal------=1-.-==

Fig. 3.2 (not to scale)

The aircraft has a weight of 46 N and travels a distance of 280m from point X to point Y. The
change in gravitational potential energy of the aircraft for its movement from X to Y is 6100J.

Assume that there is now no wind.

(i) Calculate angle 6.

B R S

(ii) Calculate the magnitude of the force acting on the aircraft due to air resistance.

e RO . |2 .|

Cyrus Ishaq

ISL, BLL, BCCG, LGS, Roots IVY PS5 o E

PHYSICS WITH
(>) +923008471504 VRS



13

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

[2]
(b) A sphere of weight 2.4N is suspended by a wire from a fixed point P. A horizontal string is

used to hold the sphere in equilibrium with the wife at an angle of 53° to the horizontal, as
shown in Fig. 3.1.

string

Fig. 3.1 (not to scale)

(i) Calculate:

1. the tension T in the wire

2. the force F exerted by the string on the sphere.

[2]
(ii) The wire has a circular cross-section of diameter 0.50 mm. Determine the stress oin the
wire.
TS e PA[3]
Crusishaa ) b1, BCCG, LGS, Roots IVY PS G
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(a) State the principle of moments.

.

(b) In a bicycle shop, two wheels hang from a horizontal uniform rod AC, as shown in Fig. 3.1.

ceiling

0.45m._ 1.40m

0.75m

l\\card

122N

wall

A B

wheel
Y
W 19N

wheel

Fig. 3.1 (not to scale)

C

The rod has weight 19N and is freely hinged to a wall at end A. The other end C of the rod is
attached by a vertical elastic cord to the ceiling. The centre of gravity of the rod is at point B.
The weight of each wheel is W and the tension in the cord is 22 N.

(i} By taking moments about end A, show that the weight W of each wheel is 14 M.

[2]

(ii) Determine the magnitude and the direction of the force acting on the rod at end A.

MAgNIIde = o ass mii i e g s
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(c) The unstretched length of the cord in (b) is 0.25 m. The variation with length L of the tension F
in the cord is shown in Fig. 3.2.

60

50

FIN

40

30

20

10

0 0.25 0.50 0.75 1.00
Lim

Fig. 3.2
() State and explain whether Fig. 3.2 suggests that the cord obeys Hooke's law.

(ii) Calculate the spring constant k of the cord.

B it o £

(iii) On Fig. 3.2, shade the area that represents the work done to extend the cord when the
tension is increased from F = 0 to F = 40N. [1]

[Total: 11]
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(a) (i) Define the moment of a force about a point.

. [1]
(ii) Determine the SI base units of the moment of a force.
L ]
haseate: s, i s s [fl))
(b) A uniform rigid rod of length 2.4 m is shown in Fig. 1.1.
[I |IlI
' 24m ' cross-sectional
area A
Fig. 1.1
The rod has a weight of 5.2N and is made of wood of density 790kgm—.
Calculate the cross-sectional area A, in mmg, of the rod.
AT crinrsseamsarsmssnsnsassas asssasassasiasssanes TN [3]
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(c) Afishing rod AB, made from the rod in (b), is shown in Fig. 1.2.

weight 5.2N

ground

Fig. 1.2 (not to scale)

End A of the rod rests on the ground and a string is attached to the other end B. A support
stick exerts a force perpendicular to the rod at point C. The weight of the rod acts at point D.

The tension T in the string is in a direction perpendicular to the rod. The rod is in equilibrium
and inclined at an angle of 56° to the vertical.

The forces and the distances along the rod of points A, B, C and D are shown in Fig. 1.2.

(i) Show that the component of the weight that is perpendicular to the rod is 4.3N.

[l
(ii) By taking moments about end A of the rod, calculate the tension T.
W s A R e N [3]
[Total: 9]
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(a) A cylinder is suspended from the end of a string. The cylinder is stationary in water with the

axis of the cylinder vertical, as shown in Fig. 2.1.

cylinder string
weight 0.84 N
water h
density 1.0 x103kgm™3 —
| I E
b=
0.031m

Fig. 2.1 (not to scale)
The cylinder has weight 0.84 N, height h and a circular cross-section of diameter 0.031m.
The density of the water is 1.0 x 10°kgm3. The difference between the pressures on the top
and bottom faces of the cylinder is 520Fa.

(i) Calculate the height h of the cylinder.

(ii) Show that the upthrust acting on the cylinder is 0.39N.

[2]

(iii) Calculate the tension T in the string.

ISL, BLL, BCCG, LGS, Roots IVY PS5 o E

PHYSICS WITH
(>) +923008471504 VRS

Cyrus Ishaq



(b} The sinng is now wsed o move tha cylinder in (a) verically upwards through the waler. The
vanation with time [ of the velocity vof tha cylinder is shown in Fig. 2.2.

12.5

: 10.0

vicms

5 b

5.0 - X

25

o= » !
0 05 10 15 20 25 30 35 40
s

Fig. 2.2

(i) Usa Fig. 2.2 o determine the acceleration of the cylinder at tima = 2.0s.

ACoBlErAtion = ..., TIEE [2]

{iij The top face of the cylinder is at a depth of 0.32 m below the surface of the water at time
t=0.

Usa Fig. 2.2 to datermina the depth of the top face below the surfaca of the water at time

f=4.08.
ERIIFS e el e L Ty el m [2]
[ ]
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{e) The odinder in (b} is released from the string at tima f = 4.05. The cylinder falls, from rast,
wartically downwards through the waler. Assume that the upthrust acting on tha cylinder
remains conslant as it falls.

(i} State the namea of the forca that acts on the cylindar whan it is moving and doas not act
an the cylinder whan it is stationary.

(ii) State and explain the vanation, if any, of tha accaleration of the cylinder as it falls
downwards through the wabar.
[Tetal: 12]
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1 units of Fo: kgms-2 M1
units of p: kg m3 M1
and
units of A: m?
and
units of v: m s~ or units of v& m2s2
kgms=2 = Ckg m s and comment ‘(so) C has no units’ / unit terms cancelled A1
gr= kgms=2/(kgm-2m?2m?s2) and comment ‘(so) C has no units’ / unit terms cancelled

1(b) one arrow vertically downward labelled weight to within 10° of the vertical B1
one arrow vertically upwards labelled drag/ drag force/ Fp / air resistance / viscous force to within 10° of the vertical B1
1(c) (at terminal velocity) Fp = mg Cc1
Fo =0.049 x9.81 A1
=048N

1(d) area = 7 x (0.060/2)? Cc1
0.48 =% x Cx 1.2 x 1t x (0.060/2)? x 252 c1
C=045 A1
2 (a) units of F: kg ms—2 Cc1
units of - m and units of v: ms~! A1l

units of 7z kgms=2/(mx ms') =kgm-'s’
1(b) viscosity =0.096/ (6 x © x 0.03 x 2.0) Cc1
=0.085kgm-'s™! A1
1(c) one arrow vertically downwards labelled weight/ W B1
arrow(s) vertically upwards labelled U/ upthrust and drag / Fo/viscous force B1
1d)(i) | V=(4/3)nr c1
upthrust = (4 / 3) x © x 0.03* x 920 x 9.81 = 1.0N A1l

1(d)(ii) | weight = 1.0 + 0.096 (= 1.096 N) c1
m =1.096/9.81 A1

=0.11kg
R) resultant force (in any direction) is zero B1
3 resultant moment/ torque (about any point) is zero B1

3(b)(i) | F =pVg A1

V =93000/(1.2 x 9.81)
=7900 m*

3(b)(ji) | weight = 93000 + 3(.0) x 10° c1
m = (93000 + 3.0 x 10%)/9.81 A1

=9800kg

3(c)(i) (Ap) = F(A)t or F=Ap/(A)t or F = rate of change of momentum or F=m (v—-u)/t C1
Ap =2800 x 0.50 A1

=1400kgms™’

3(c)i) | (Ap =) mv ci
v =1400/64 A1

=22ms™

Cyrus Ishaq

ISL, BLL, BCCG, LGS, Roots IVY PS5 .G

(>) +923008471504 pCHY




3(c)iii) | Ex =vemv? c1
=5 x 64 x 222 A1
=15000J

or
E«< =p*/2m (c1)
= 14002/ (2 x 64) (A1)
=15000J
‘ Question Answer Marks
I
B(a) the point where (all) the weight (of the object) is taken to act B1
4 b)(i) | (54 x 0.45) or (2.4 x 0.95) or (T sin 30° x 1.3) C1
(54 x 0.45) = (2.4 x 0.95) + (T sin 30° x 1.3) c1
T=34N A1

2(b)(ii) resultant moment = (54 x 0.45) — (2.4 x 0.95) or (34 sin 30° x 1.3) A1

=22Nm

2(c)i) | (A)E=mg(a)h or W(A)h c1

=24x18 A1
=43J
Question Answer Marks
2(c)(ii c1
i) | g 1,
c1
= % % (2.4/9.81) x 3.42
=1.4J (atX)
kineticenergyatY =43+14 A1l
=57J
or
C1
Yove = Yo & mg(A)h L
2 2
vV=342+2x981x18 (C1)
v2=46.9 so v=6.85 (ms™)
KE = % % (2.4/9.81) x 6.852
=57J (A1)
2(c)(iii) no variation or acceleration is (always) vertically downwards B1
2(c)(iv) horizontal straight line at a non-zero value of velocity B1
[ )
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Question Answer Marks
4(a) p=mlV or p=mlAh B1
p=FIA or p=WIA B1
appropriate algebra leading to p = pgh B1
e.qg.p=pAhglA or pVglA or pVgl(Vik) and (so)p = pgh
4(b) there is atmospheric / air pressure B1
4(c) Ap = pghah c1
e.q.(9.66 — 9.60) x 10*/8.0 x 102 = px 9.81
p=T60-T70kgm= A1
4(d) F =pgV ¢
=760 x9.81x37x10%x40x102(=0.11N)
tension =0.53 -0.11 A1
=042N
or
F=(A)px A (c1)
= (9.63 - 9.60) x 10¢ x 3.7 x 10 (= 0.11 N)
tension =0.53 —0.11 (A1)
=042N
Question Answer Marks
3(a) resultant force (in any direction) is zero B1
resultant moment/torque (about any point) is zero B1
3(b) (component =) 17sin50° = 13 (N) A1
flj;cos40° =13(N)
3(c) (Wx 0.25) or (12x0.35) or (13 x 0.50) c1
(W x 0.25) + (12 x 0.35) = (13 x 0.50) A1
W=92N
3(d) F=92+12-13 A1
=8N
3(e) decrease B1
.
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Question Answer Marks
2(a) point where (all) the weight (of the object) is taken to act B1
2(b)(i) moments about P are: (F x 1.10), (44.0 x 0.60) and (3.0 x 2.90) c2
1 mark for any one correct moment and 2 marks for two correct moments
(F % 1.10) = (44.0 x 0.60) + (3.0 x 2.90) A1
F=32N o
2(b)(ii) force=32+44+3 A1
=79N
20)) | (F=pgV) c1
V=25/(1100 x 9.81) (= 2.32 x 1074)
V=(4/3)ar c1
r=[(3 x2.32 x 10%)/4n]"? A1
r=0.038m
2(c)(ii) | resultantmoment =2.5x2.9 A1
=7.3Nm
or
resultant moment =Fx1.1-(44 x06+0.5x29)
=7.3Nm (allow 7.2 Nm or 7.4 Nm from rounded values of F)
direction: anticlockwise A1
Question Answer Marks
2(a) T sin 68° + 32 = 280 c1
T=270N A1
20b)i) | F=pgV A1
V=280/(1.0x10°x 9.81)
=0.029 m?
2(b)(ii) | p=1(32/9.81)/0.029 Cc1
=110kgm A1l
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9 Question Answer Marks
3(a) point where (all) the weight (of an object) is taken to act B1
3(b)(i) vertical component = 45 sin 37° A1
=27TN
3(b)(ii) the magnitudes of the three moments about A are (23 x 0.48), (é? x 0.56) and (W x 0.76) Cc1
correct magnitude of any one moment about A
correct magnitudes of any two moments about A C1
(23 x 0.48) + (W x 0.76) = 27 x 0.56 A1
W=54N
3(b)(iii) horizontal component = 45 cos 37° A1
=36N
3(b)(iv) decrease B1
3(b)(v) |eo=F/A c1
oc=Fl/nr?or4F/nd? A1
s0 o =53 x 107 x nr 2/ n(3r?
=53x107/9
=5.9x 108 Pa
10 3(c)(i) (upthrust =) 6.20 — 5.60 = 0.60 (N) A1
3(c)(i) | Ap=AF/A C1
=0.60/1.2x 103
=500 Pa A1
3(e)ii) | (A)p = pg(A)h c1
p=500/(9.81 x5.8x107?)
=880 kgm™2 A1
3(d)(i) (upthrust) increases B1
3(d)(ii) (extension) decreases B1
.
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1 1 Question | Answer Marks
3(a) force x distance M1
perpendicular distance of (line of action of) force from the point A1
3(b)(i) | distance moved by pointer = 123 — 86 (= 37 mm) C1
(extension =) 37 x (1.8/52.6) = 1.3 (mm) A1
or
sinortan 6= 37/526 (so 6= 4.0° so extension =) sinortan & x 18 = 1.3 (mm)
3(b)(ii) | moment =0.472x9.81x6.2x 1072 C1
=0.29Nm A1l
3(b)(iii) | (A)Fx1.8x102=0.29 C1
AF=16N A1
3(b)iv) |k =F/x c1
=16/(1.3x 1073) A1
=1.2x10*Nm
Question Answer Marks
1 2 3(a) change in displacement / time (taken) B1
3(b) by calculation: C1
v2 =422 + 232 — (2 x 42 x 23 x cos 54°)
:5 = (42 — 23 cos 54°R + (23 sin 54°)
SL (42 — 23 sin 36°) + (23 cos 36°)2
v=34ms A1
or
by scale diagram: triangle of vector velocities drawn (C1)
v=34ms" (allow + 1ms™' if scale diagram used) (A1)
3(e)i) | (A)E = mg(A)h or (A)E = W(A) c1
h=6100/46 (= 133m) Cc1
g =sin~' (133/280) Al
=28
3(c)(ii) | force=6100/280 or 46 sin28° c1
=22N A1
.
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13

14

Question Answer Marks
3(a) resultant force (in any direction) is zero B1
resultant torque/moment (about any point) is zero B1
3(b)i) 1. Tsin53°=24 A1
T=3.0N
2. F=Tcosb3® or F2=T2-24? A1
F=18N
3(b)(ii) |oe=T/A or o=FI/A . c1
A=nd?/4 or A=nr? C1
o =3.0x4/[nx(0.50x 10y A1
=1.5x 10" Pa
3(c)(i) h=75-75sin53"=15cm A1
3(c)(ii) | (A)E = mg(A)h or (A)E = W(A)h c1
(A)E =24 x15x 1072 A1
=0.36J
3(c)iii) | E=1amv? B1
0.36 = Y5 x (2.4/9.81) x V2 Cc1
v=17ms"’ A1
Question Answer Marks
3(a) for a body in (rotational) equilibrium B1
sum/total of clockwise moments about a point = sum/total of anticlockwise moments about the (same) point B1
3(b)(i) | (W=x0.45) or (19x1.3) or (Wx1.85) or (22 x 2.6) Cc1
(Wx045)+(19x1.3)+ (W=x1.85)=(22x2.6)so W=14N A1
3(b)(ii) | magnitude =19+ 14 +14 - 22 A1
=25N
direction: vertically upwards A1
3(c)(i) | the extension is zero when the force is zero B1
graph is a straight line and (so) Hooke’s law obeyed B1
3(c)ii) | k=F/x or k= gradient c1
e.g. k=60/(1.00-0.25) A1
k=80Nm
3(c)(iii) | area shaded below graph line between L =0.25mand L =0.75m B1
[ )
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1 5 Question Answer . Marks
1(a)(i) force x perpendicular distance (of line of action of force to the point) B1
1(a)(ii) | units: kgms=2m A1

=kgm?s2
1(b) W= pVg or W=pAlg c1
A =52/(790 x 2.4 x 9.81) C1
(=2.8x10* (m?))
=2.8 x 102 mm? A1
1(c)(i) (component =) 5.2sin56° = 4.3 (N) A1
g.r2 cos 34° = 4.3(N)

1(c)(ii) (Tx24) or (4.3x1.2) or (4.6x1.8) C1
(Tx24)+(43x12)=(46x1.8) c1
T=13N A1

1 6 Question Answer Marks
2(a)(i) | (AW = pg(a)h C1

520 = 1000 x9.81x h
h=0.053m A1
2(a)(ii) | (upthrust =) (A)p x A C1
= (A)p x w(d/2)? or (A)p x mr?
=520 x n(0.031/2)? = 0.39 (N) A1
2(a)ii) | T=0.84-0.39 A1
=045N
Question Answer Marks
2(b)(i) a=(v-u)/t or (Av/(A)t or gradient Cc1
=e.g-8.0x102/2.0 A1
=4.0x%x102ms2
2(b)(ii) |distance = (¥2x2.5x0.10) + (*2x 1.5 x0.10) or (*:x4.0x0.10) c1
(=0.20 (m))
depth = 0.32 - 0.20 A1l
=0.12m

2(c)(i) viscous (force) B1

2(c)(ii) viscous force increases (with speed/time/depth) B1

(so) acceleration decreases B1
°
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