Work, Energy and Power
AS-Level Worksheet

1 (a) Define power. MJ25/21/Q3

(b) An electric car is powered by a motor. The car is travelling at a constant speed of 35ms™
along a straight horizontal road, as shown in Fig. 3.1.

35ms™’

road

Fig. 3.1
There is a total resistive force of 1750N acting on the car.

(i) Calculate the power transmitted to the wheels of the car by the motor.

POWET = i W [2]

(ii) Calculate the useful work done by the motor when the car travels a distance of 17 km.

work done = ... d 2]
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(iii) The potential difference (p.d.) across the motor has a constant value of 600V and the
motor has an efficiency of 85%.

Calculate the current in the motor.

CUITEBNE = Lot A [3]

(c) The carin (b) now reaches a slope, as shown in Fig. 3.2.

car. 35ms!

Fig. 3.2
The car continues down the slope at the same speed as in (b).
State and explain the effect, if any, of the slope on:

(i) the air resistance acting on the car

(ii) the current in the motor.

[Total: 10]
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MJ25/22/Q1

2 (a) Table 1.1 lists some physical quantities. ldentify with ticks (v) which quantities are vectors
and which are scalars.
Table 1.1
quantity scalar vector
acceleration
displacement
gravitational potential energy
speed
temperature
(2]
(b) A constant resultant force F acts on a car of mass m. The car moves from rest with constant
acceleration a along horizontal ground. When the car has displacement s, the speed of the
caris v.
(i) Using the concept of work done on the car, show that the kinetic energy E, of the car is
given by the equation
_ 1
EK = imvz
(3]
(ii) The mass of the car is 920kg. At time t = 0, the car is at rest. At time t = 5.8 s, its velocity
is 17ms™".
Calculate the kinetic energy of the car at time { = 5.8s.
kineticenergy = ......cccceoieviicceeeive e [1]
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(iii) Between time f = 0 and time t = 5.8s, the work done against resistive forces is
4.7 x 104J.

Determine the average output power of the car during this time.

POWET = ooiiiieescieneneeneseenrnreessnnsassssnannnees W [3]
(iv) Attime t=5.8s, the speed of the car becomes constant.

State and explain whether the output power of the car is greater than, less than or the
same as the output power just before t = 5.8 s.

- [
[Total: 10]
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MJ25/23/Q3

3 Acarof mass 1500 kg is travelling along a straight horizontal road at constant velocity v. The car is
subject to a total resistive force F, as shown in Fig. 3.1.

car, mass 1500 kg

horizontal road

Fig. 3.1

(a) Show that the power P developed by the engine in overcoming the total resistive force is
given by the equation

P=Fv.

(2]

(b) The car now moves up a slope at a constant speed of 30ms™".

The slope is at an angle to the horizontal of 6.0°, as shown in Fig. 3.2.

car "

Fig. 3.2

The total resistive force acting on the caris 1600 N.
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(i) Show that the increase in gravitational potential energy of the car in a time of 1.0s is
460004J.

(2]

(ii) Use the information in (b)(i) to determine the power developed by the engine to move
the car up the slope.

POWET = .oiiiiiviiieeesereecnniesasseneesnnseesnsennnns W [2]
(c) The car picks up a passenger and then continues up the slope at the same speed as in (b).
State and explain the effect, if any, that the passenger has on:

(i) the air resistance acting on the car

(ii) the power developed by the engine.

[Total: 8]
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ON24/21/Q3
4 (a) State whatis meant by the work done by a force.

(b) A block of mass m is raised vertically at constant speed. The vertical height gained by the
block is Ah, as shown in Fig. 3.1.

block,
mass m

Ah

Fig. 3.1

Derive an expression, in terms of m and Ah, for the change in gravitational potential energy
AE;, of the block. State the meaning of any other symbols you use.

(2]

(¢) An electric motor has an input power of 900W. The motor takes 1.0 minute to lift a load
of weight 240N at constant speed through a vertical height of 150m. Resistive forces are
negligible.

(i) Show that the work done by the motor on the load in 1.0 minute is 36 kJ.

1
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(ii) Determine the useful output power of the motor.

(iii) Use your answer in (¢)(ii) to determine the efficiency of the motor.

efficiency = ... [2]
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MJ23/22/Q2
5 (a) State whatis meant by the centre of gravity of an object.

............................................................................................................................................. [1]
(b) Two blocks are on a horizontal beam that is pivoted at its centre of gravity, as shown in
Fig. 2.1.
. 045m 0.95m 0.35m
[ EL horizontal
bearn Y pivot
ground 54N support string

Fig. 2.1 (not to scale)
A large block of weight 54N 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.

L SR N [3]
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(i) 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.
resultant moment = ... Nm [1]

(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.
path of X /
block

1.8m

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 Xto Y.

decrease in gravitational potential energy = ... e J [2]

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

Kinetic energy = ..o J [3]
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(iif) State the variation, if any, in the direction of the acceleration of the block as it moves
from Xto Y.

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

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.

A
horizontal

component
of velocity

=

time

Fig. 2.3
(1]

[Total: 12]

MJ23/21/Q2
Q6 Arigid uniform beam of weight W is connected to a fixed support by a hinge, as shown in Fig. 2.1.

050m  0.10m, 0.20m , 0.40m

hinge

rE— — TR horizontal

fixed
support

string

ground

Fig. 2.1 (not to scale)

Acompressed spring exerts a total force of 8.2 N vertically upwards on the horizontal beam. A block
of weight 0.30N rests on the beam. The right-hand end of the beam is connected to the ground by
a string at an angle of 30° to the horizontal. The tension in the string is 4.8 N. The distances along
the beam are shown in Fig. 2.1.

The beam is in equilibrium. Assume that the hinge is frictionless.
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(a) (i) Show thatthe vertical component of the tension in the string is 2.4 N.

[1]

(ii) By taking moments about the hinge, determine the weight W of the beam.

(iii) Calculate the horizontal component of the force exerted on the beam by the hinge.

force = .. N [1]

(c) The string is cut so that the spring extends upwards. This causes the beam to rotate and
launch the block into the air. The block reaches its maximum height and then falls back to the
ground.

Fig. 2.2 shows part of the path of the block in the air shortly before it hits the horizontal
ground.

0.090m

7/
B, horizontal ground

Fig. 2.2 (not to scale)
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The block is at a height of 0.090m above the ground when it passes through point A. The
block has a kinetic energy of 0.044 J when it hits the ground at point B.

Air resistance is negligible.

(i) Calculate the decrease in the gravitational potential energy of the block for its movement

from A to B.

decrease in gravitational potential energy = .......ccooeiiiiiiiiiiii

e d 2]

(ii) Use your answer in (c)(i) and conservation of energy to determine the speed of the block

at point A.

speed = ...

. ms™T[3]

(iii) By reference to the force on the block, explain why the horizontal component of the

velocity of the block remains constant as it moves from A to B.

LM

(iv) The block passes through point A at time £, and arrives at point B at time ;.

On Fig. 2.3, sketch a graph to show the variation of the magnitude of the vertical
component v, of the velocity of the block with time ¢ from =1, to t = 15.
Numerical values of v, are not required.

A

Yy
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(1]
[Total: 14]
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Q7 (a) (i) Define power. ON22/21/Q3

(ii) Mechanical power P can be calculated using the formula P = Fv.

Use the concept of work and the definition of power to show how this formula is derived.

[2]

(b) The engine of a lorry provides 130kW of power to the lorry’s wheels when it is travelling at a
constant speed of 25ms~" along a straight horizontal road.

Show that the resistive force opposing the forward motion of the lorry is 5200 N.

(1]

(¢} The lorry in (b) travels up a straight section of road that is inclined at an angle 8 to the
horizontal, as shown in Fig. 3.1.

horizontal

Fig. 3.1 (not to scale)
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The lorry has mass m and the acceleration of free fall is g.

(i) Determine an expression, in terms of m, g and 6, for the component of the weight of the
lorry that acts parallel to the surface of the road.

(1]

(i) The total resistive force remains unchanged at 5200N and the engine now provides
greater power to maintain the speed of 25 ms~1. The total mass m of the lorry is 36 000 kg.
The angle @is 1.4°.

Determine the power, in kW, now provided by the engine.
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Q8 (a) (i) Define power. MJ22/21/Q3

.1

(ii) Aforce F takes time f to move an object through a displacement x at constant velocity v
in the direction of the force. The work done by the force is W.

Use the definition of power to show that the power P transferred by the force is given by

P=Fv.

2]

(b) Ablock is pulled up a slope by a wire attached to a motor, as shown in Fig. 3.1.

slope

------- 1-1-----------------------------horizontal

Fig. 3.1 (not to scale)

The useful power output of the motor is 56 W. The block has a weight of 430N and travels
with constant velocity along the slope at an angle of 11° to the horizontal.

Assume that there are no resistive forces opposing the motion of the block.

(i) Calculate the tension T in the wire.
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(if) Calculate the speed of the block.

(iii) The rate of increase of gravitational potential energy of the block is equal to the useful
power output of the motor. One of the reasons for this is that there is no work done
against resistive forces.

By considering the motion of the block, state another reason for this.

-]
(iv) The motor has an efficiency of 80%.
Calculate the time taken for an input energy of 1.2kJ to be supplied to the motor.
timetaken= ..o S [2]
[Total: 9]
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MJ22/23/Q4

Q9 (a) Amass m moves a vertical distance Ah in a uniform gravitational field and gains gravitational
potential energy AE,. The acceleration of free fall is g.

Use the concept of work done to show that

AEp = mgAh.

(2]

(b) A 0.60kg mass is attached to a string which is wrapped around the wheel of a generator, as
shown in Fig. 4.1.

generator
wheel
string
resistor
[ ————mass, 0.60kg
Fig. 4.1

The mass is held stationary above the floor. When released, the mass initially accelerates
and then falls at a steady speed and spins the wheel. The generator causes a current in a
resistor. Air resistance is negligible.

State the main energy change when the mass is falling at a steady speed.

reveeren e €NEIGY O energy. [1]
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(c) When falling at a steady speed, the mass in (b) falls through a vertical distance of 1.4min a
time of 4.0s. This causes a current of 90 mA in the resistor. The resistance of the resistor is
47 Q.
Calculate:

(i) the rate of work done by the falling mass

rate of work done = .........ccoooiiiiiiiiiiiiiiecccnsescees e W [2]

(i) the power dissipated in the resistor

POWET = ..oeiiiiieiiinnvieinresnsrenssenssnnsssnssnensesnsees W [2]
(iii) the efficiency of the generator.
efficiency = ..o [2]
[Total: 9]
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10 A child moves down a long slide, as shown in Fig. 4.1. March22/22/Q4

X
child

surface of slide

Fig. 4.1 (not to scale)

The child moves from rest at the top end X of the slide. An average resistive force of 76 N opposes
the motion of the child as they move to the lower end Y of the slide. The kinetic energy of the child

at Y is 300J. The decrease in gravitational potential energy of the child as it moves from X to Y is
3200J.

(a) Determine the ratio

kinetic energy of the child at Y when the resistive force is 76 N
kinetic energy of the child at Y if there is no resistive force

ratio = .. [1]

(b) Use the answer in (a) to calculate the ratio

speed of the child at Y when the resistive force is 76 N
speed of the child at Y if there is no resistive force

ratio = e [2]
(c) Calculate the length of the slide from X to .
length = e [2]
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11 (a) Define power. ON21/22/Q3

(b) A car of mass 1700kg moves in a straight line along a slope that is at an angle 8 to the
horizontal, as shown in Fig. 3.1.

25m

\car,

mass 1700kg

slope

horizontal

Fig. 3.1 (not to scale)
The car moves at constant velocity for a distance of 25m from point A to point B.
Air resistance and friction provide a total resistive force of 440N that opposes the motion of
the car.

For the movement of the car from A to B:

(i) state the change in the kinetic energy

change in kinetic energy = .......cccccv e J [1]

(ii) calculate the work done against the total resistive force.

workdone = ... [1]
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(c) The movement of the car in (b) from A to B causes its gravitational potential energy to increase
by 4.8 x 104J.

Calculate:

(i) theincrease in vertical height h of the car for its movement from A to B

(ii) angle é.

(d) The engine of the car in (b) produces an output power of 1.7 x 10*W to move the car along
the slope.

Calculate the time taken for the car to move from A to B.

fime = s s [2]
[Total: 8]
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MJ21/21/Q2
12 A person uses a trolley to move suitcases at an airport. The total mass of the trolley and suitcases
is 72kg.
(a) The person pushes the trolley and suitcases along a horizontal surface with a constant speed

of 1.4ms™" and then releases the trolley. The released trolley moves in a straight line and

comes to rest. Assume that a constant total resistive force of 18 N opposes the motion of the
trolley and suitcases.

(i) Calculate the power required to overcome the total resistive force on the trolley and
suitcases when they move with a constant speed of 1.4ms™".

POWET = Loiiiiiiiieiiieiieeniieeiieeieeeieeeieeeaeee e W [2]

(ii) Calculate the time taken for the trolley to come to rest after it is released.

time = e S [3])

(b) At another place in the airport, the trolley and suitcases are on a slope, as shown in Fig. 2.1.

trolley and suitcases

95m ly

Fig. 2.1 (not to scale)

The person releases the trolley from rest at point X. The trolley moves down the slope in a
straight line towards point Y. The distance along the slope between points X and Y is 9.5m.

The component F of the weight of the trolley and suitcases that acts along the slope is 54 N.
Assume that a constant total resistive force of 18 N opposes the motion of the trolley and

allitracas
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(i) Calculate the speed of the trolley at point Y.

(ii) Calculate the work done by F for the movement of the trolley from X to Y.

WOrK dONE = ..ottt J [1]
(iii) The trolley is released at point X at time t = 0.

On Fig. 2.2, sketch a graph to show the variation with time t of the work done by F for the
movement of the trolley from X to Y.
Numerical values of the work done and t are not required.

A

work
done

Fig. 2.2
(2]

(c) The angle of the slope in (b) is constant. The frictional forces acting on the wheels of the
moving trolley are also constant.

Explain why, in practice, it is incorrect to assume that the total resistive force opposing the
motion of the trolley and suitcases is constant as the trolley moves between X and Y.

[Total: 12]
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A child of weight 330N is at point X at the top of a slide. The slide is at the edge of a swimming
pool, as shown in Fig. 3.1.

child,
weight 330N

surface of slide

40m
surface of water

water in
swimming pool

Fig. 3.1 (not to scale)
The child moves from rest to the lowest point of the slide that is a vertical distance of 4.0m below X.
The child continues moving towards point Y which is at the end of the slide and a vertical distance
of 1.1 m above the lowest point. The kinetic energy of the child at Y is 540 J.

(a) Calculate the difference in the gravitational potential energy of the child at points X and .

difference in gravitational potential energy = ........ccoooeomeeeceece e J [2]
(b) An average frictional force of 52N acts on the child when moving from X to Y.

By considering changes of energy, determine the distance moved by the child from Xto Y.

distance moved = ... m [2]
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(c) The child leaves the slide at point Y with a velocity that is at an angle of 41° to the horizontal.
The path of the child through the air is shown in Fig. 3.2.

path of child
velocity P

—
- -~

. v /4;0 ~. surface of water
slide -t ———— ~

water in
swimming pool
Fig. 3.2 (not to scale)

Point Z is the highest point on the path of the child through the air.
Assume that air resistance is negligible.

Calculate the speed of the child at:

(i) pointY
SPEEA = .o ms~! [2]
(ii) point Z.
SPEEA = ..o ms~1 [2]
[Total: 8]
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14 (a) State what is meant by work done. March21/22/Q2

(b) A beach ball is released from a balcony at the top of a tall building. The ball falls vertically
from rest and reaches a constant (terminal) velocity. The gravitational potential energy of the
ball decreases by 60J as it falls from the balcony to the ground. The ball hits the ground with
speed 16 ms™" and kinetic energy 23 J.

(i) Show that the mass of the ball is 0.18 kg.

(2]
(i) Calculate the height of the balcony above the ground.
height = ..o m [2]
(iii) Determine the average resistive force acting on the ball as it falls from the balcony to the
ground.
average resistive force = .......ccccoviiiiii N [2]
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(c) State and explain the variation, if any, in the magnitude of the acceleration of the ball in
(b) during the time interval when the ball is moving downwards before it reaches constant
(terminal) velocity.

[Total: 10]

MJ20/22/Q3
Q15 (a) Explain what is meant by work done.
............................................................................................................................................. [1]
(b) A ball of mass 0.42kg is dropped from the top of a building. The ball falls from rest through
a vertical distance of 78 m to the ground. Air resistance is significant so that the ball reaches
constant (terminal) velocity before hitting the ground. The ball hits the ground with a speed
of 23ms™".
(i) Calculate, for the ball falling from the top of the building to the ground:
1. the decrease in gravitational potential energy
decrease in gravitational potential energy = ... J [2]
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2. the increase in kinetic energy.

increase in kinetic energy = ..o J [2]

(ii) Use your answers in (b)(i) to determine the average resistive force acting on the ball as
it falls from the top of the building to the ground.

average resistive force = ... N [2]

(c) The ball in (b) is dropped at time t = 0 and hits the ground at time t = T. The acceleration of
free fall is g.

On Fig. 3.1, sketch a line to show the variation of the acceleration a of the ball with time £ from
timet=0tot=T.

A
g -
a
0 —
0
t
Fig. 3.1
[2]
[Total: 9]
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Q16 Define:
(i) displacement

{b) A man wearing a wingsuit glides through the air with a constant velocity of 47ms~" at an
angle of 24° to the horizontal. The path of the man is shown in Fig. 2.1.

47ms1

man in wingsuit
total mass 85kg

glide path

horizontal --------4--ccmme T

Fig. 2.1 (not to scale)

The total mass of the man and the wingsuit is B5kg. The man takes a time of 2.8 minutes to
glide from point A to point B.

(i) With reference to the motion of the man, state and explain whether he is in equilibrium.

(iij)y Show that the difference in height h between points A and B is 3200m.

(1]
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(iii) For the movement of the man from A to B, determine:

1. the decrease in gravitational potential energy

decrease in gravitational potential energy = ... Jd [2]

2. the magnitude of the force on the man due to air resistance.

(iv) The pressure of the still air at A is 63kPa and at B is 92kPa. Assume the density of the
air is constant between A and B.

Determine the density of the air between A and B.

density = .. kgm™ [2]

[Total: 1]
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Q17 (a) (i) Define power.

.11

(ii) State what is meant by gravitational potential energy.

- [1]

(b) An aircraft of mass 1200kg climbs upwards with a constant velocity of 45ms™", as shown in
Fig. 3.1.

velocity thrust force -7

45ms™ 2.0 x 103N,,,--'\
/ _ - o path of aircraft

aircraft
mass 1200kg

Fig. 3.1 (not to scale)

The aircraft's engine produces a thrust force of 2.0 x 105N to move the aircraft through the
air. The rate of increase in height of the aircraft is 3.3ms™".

(i) Calculate the power produced by the thrust force.

BB — i gyl s e ngles O
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(ii) Determine, for a time interval of 3.0 minutes,

1. the work done by the thrust force to move the aircraft,

workdone = ...

2. the increase in gravitational potential energy of the aircraft,

increase in gravitational potential energy = ...,

3. the work done against air resistance.

WO OONE = oo aia s

(ili) Use your answer in (b)(ii) part 3 to calculate the force due to air resistance acting on the

aircraft.

(iv) With reference to the motion of the aircraft, state and explain whether the aircraft is in

eguilibrium.
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Q18 (a) State what is meant by kinetic energy.

(b) A cannon fires a shell vertically upwards. The shell leaves the cannon with a speed of 80 ms™!
and a kinetic energy of 480J. The shell then rises to a maximum height of 210m. The effect
of air resistance is significant.

(i) Show that the mass of the shell is 0.15kg.

(2]
(i) Forthe movement of the shell from the cannon to its maximum height, calculate
1. the gain in gravitational potential energy,
gain in gravitational potential eNergy = . ... J [2]
2. the work done against air resistance.
WOrk done = ..o J[1]

(iii) Determine the average force due to the air resistance acting on the shell as it moves
from the cannon to its maximum height.
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(iv) The shell leaves the cannon at time = 0 and reaches maximum height at time {= T.

On Fig. 2.1, sketch the variation with time { of the velocity v of the shell from time t=0to
time t= T. Numerical values of vand ¢t are not required.

Fig. 2.1
(2]

(v) The force due to the air resistance is a vector quantity.

Compare the force due to the air resistance acting on the shell as it rises with the force
due to the air resistance as it falls.

[Total: 12]
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Q19 A ball is thrown vertically upwards towards a ceiling and then rebounds, as illustrated in Fig. 3.1.

LA LL A calling

ball thrown speed 9.6 ms™!
upwards

The ball is thrown with speed 9.6ms™! and takes a time of 0.37 s to reach the ceiling. The ball is
then in contact with the ceiling for a further time of 0.085s until leaving it with a speed of 3.8ms™1.
The mass of the ball is 0.056 kg. Assume that air resistance is negligible.

ball leaving

speed 3.8ms™" 5
ceiling

Fig. 3.1

(a) Show that the ball reaches the ceiling with a speed of 6.0ms™".

[1]

(b) Calculate the height of the ceiling above the point from which the ball was thrown.

(c) Calculate

(i) the increase in gravitational potential energy of the ball for its movement from its initial
position to the ceiling,

increase in gravitational potential @nergy = ... J[2]
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(i) the decrease in kinetic energy of the ball while it is in contact with the ceiling.

decrease in KINBtc @NeNgY = ...........cccooieieeeeeeee e, J[2]

(d) State how Newton’s third law applies to the collision between the ball and the ceiling.

(e) Calculate the change in momentum of the ball during the collision.

change in MOMENIIM = ...........cccoiniieirccacaseesssssnnsnseans Ns [2]

(f) Determine the magnitude of the average force exerted by the ceiling on the ball during the

collision.
BATEHE BONCE = cxouinr s s smsminstsmss oo s nsmmis s nes sk N [2]
[Total: 13]
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Q20 {a) Explain what is meant by

(i} work done,

-[1]
(i) kinetic energy.

{b) A leisure-park ride consists of a carriage that moves along a railed track. Part of the track lies
in a vertical plane and follows an arc XY of a circle of radius 13m, as shown in Fig. 2.1.

carriage

mass 580 kg track

Fig. 2.1

The mass of the carriage is 580 kg. At point X, the carriage has velocity 22ms™" in a horizontal
direction. The velocity of the camiage then decreases to 12ms~" in a vertical direction at
point Y.

(i} Forthe carfiage moving from Xto Y

1. show that the decrease in kinetic energy is 9.9 x 10,

(2]

2. calculate the gain in gravitational potential energy.

gain in gravitational potential energy = ... [2]
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(ii) Show that the length of the track from X to ¥ is 20m.

(1]

(iii) Use your answers in (b)(i) and (b)(ii) to calculate the average resistive force acting on
the carriage as it moves from X to Y.

FOAISIVE-ION0S = e unnne s nET M [2]
(iv) Describe the change in the direction of the linear momentum of the carriage as it moves
from X toY.
....................................................................................................................................... [1]
(v) Determine the magnitude of the change in linear momentum when the carriage moves
from X to Y.
change in Momentum = ..., Ns [3]
[Total: 13]
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Q21 (a) State whatis meant by work done.

- M

(b) A beach ball is released from a balcony at the top of a tall building. The ball falls vertically
from rest and reaches a constant (terminal) velocity. The gravitational potential energy of the
ball decreases by 60 J as it falls from the balcony to the ground. The ball hits the ground with
speed 16ms™! and kinetic energy 23.J.

(i) Show that the mass of the ball is 0.18kg.

[2]
(ii) Calculate the height of the balcony above the ground.
hight Smnmasaasnaria s 1 2]
(iii) Determine the average resistive force acting on the ball as it falls from the balcony to the
ground.
average resistive force = ... N [2]
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c) State and explain the variation, if any, in the magnitude of the acceleration of the ball in
P ¥ g
{b) during the time interval when the ball is moving downwards before it reaches constant
(terminal) velocity.

- 3]
[Total: 10]
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Q22 (a) Define velocity.

-]

(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_24_:
23ms™

/<P/
> et =

aircraft velocity
in still air
42ms!

Fig. 3.1

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 velocity = .......ccmmoammsnss: M [2]
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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 8 to the horizontal, as illustrated in Fig. 3.2.

aircraft,
weight 46 N

280m

glide path horizontal- - - - - - &l 2>

of aircraft Y

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 6100 J.

Assume that there is now no wind.

(i) Calculate angle &.

B o s s )

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

force = .. N [2]
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{(d) The aircraft in (c¢) travels from X to Y in a time of 14s. Fig. 3.3 shows that, as the aircraft
travels from X to Y, it moves directly towards an observer who is standing on the ground.

"~-g observer
777—,—,—,77—,—,57—,—,777—,—,—, ground

The aircraft emits sound as it travels from X to Y. The observer hears sound of frequency
450Hz. The speed of the sound in the air is 340ms™'.

Fig. 3.3 (not to scale)

Calculate the frequency of the sound that is emitted by the aircraft.

FeqQUeNcY = joosinssinsiissisnnenannas iz 3]

[Total: 11]
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Q23 (a) State two conditions for an object to be in equilibrium.

(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 wire at an angle of 53° to the horizontal, as
shown in Fig. 3.1.

horizantal

sphere

24N

Fig. 3.1 (not to scale)
{iy Calculate:

1. the tension T in the wire

I i s s s R g M
2]
(ify The wire has a circular cross-section of diameter 0.50mm. Determine the stress oin the
wire.
EFE csavmemmms s am oo e sy e Pa [3]
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{e¢) The string is disconnected from the sphere in (b). The sphere then swings from its initial rest

position A, as illustrated in Fig. 3.2.

Fig. 3.2 (not to scale)

The sphere reaches maximum speed when it is at the bottom of the swing at position B. The
distance between P and the centre of the sphere is TS5em.
Air resistance is negligible and energy losses at P are negligible.

{i) Show that the vertical distance h between A and B is 15em.

(1]

(ii) Calculate the change in gravitational potential energy of the sphere as it moves from A

to B.

change in gravitational potential energy =

(iii) Use your answer in (e)(ii) to determine the speed of the sphere at B.

Show your working.
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3a

Q1

work done per unit time

B1 | Allow rate of doing work.
Allow energy transferred for work done.

Allow ‘work done per time’
Allow in symbols if fully defined.
Ignore any units
Ignore P =1V, P=Fy, P =I’'R, P=V?Rin
symbols or words.
3bi P=Fxv c1
=1750 x 35
=6.1x10°W A1(6.13x10*W
3bii W= Fx C1 | allow symbols to appear as uppercase or
=1750 x 17 000 lowercase.
=3.0x107J A1 allow ‘s’ or ‘d for ‘¥’
2.98 x107J
Or
W= Pt
=6.1x10* x (17 000/ 35) (C1)
=3.0x10"J (A1)
3biii Efficiency = useful power output / total power input C1 | Allow (useful) energy output/ (total)
energy input.
P=IxV C1
These two C marks are independent.
Power in=600 x I
S06.1x10*/ (600 x I) = 0.85
I =120 A A1 | Ecf power from (bi)
3ci The speed is the same so the air resistance will be the same B1
3cii The engine is producing less power (because of gravitational B1
force/conversion of GPE to KE) so the current will be smaller.
Q2 - 1(a) acceleration and displacement identified as vectors B1 | For both marks accept other markings instead of ticks e.g.
(and no others) crosses, provided no ticks seen.
speed, temperature and gravitational potential energy B1
identified as scalars (and no others)
1(b)() | (A)Ek=(W=)Fs or (A)E« = mas B1 | Allow W = Fd.
Allow expressed in words e.g., “work done on car is equal to (gain
a= (V' —u)/2s in) KE”
(A)Ek = m(V? — UP)s/2s B1 | Allow without s in both numerator and denominator (i.e., no s at
all)
(A)Ex = m(v? = u?)/2
(A)Ek = ¥ m(\V2 — 0?) = ¥ mV? B1
For final mark must be seen that u=0
1(b)(ii) | (A)Ex = % m(A)(v*)
=1% %920 x 172
=1.3x10°J Al
1(b)(iii))  P= W C1 | Any subject.
Allow (1.3 x 10%/5.8) or (4.7 x 10%5.8) to imply the first mark
=(4.7x10"+1.3x10°/5.8 C1 | ECF KE from part b ii
=3.1x10*W Al
1(b)(iv) = (att=5.8s)The kinetic energy of the car does not B1
change / work is done only against resistive forces / no
work is done to accelerate the car so (power output is)
less
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Q3 W= Fxor E=Fx B1 | allow symbols to appear as uppercase or
lowercase.
allow ‘s’ or ‘d for ‘x'
P=FxIt=Fv or P=Ey/t=Fv B1 | the full line of working is needed for the 2~
mark.
3bi 9.0.8~= gh c1
increase of g,p, of carin 1.0 s = 1500 x 9.81 x 30 x sin 6.0° = 46 000 J Al
3bii Power to overcome total resistive forces = 1600 x 30 c1
=48 000 W
therefore, useful power developed =48 000 + 46 000
=94 x10*W A1 (9.41)
3ci Speed hasn’t changed so (air resistance) doesn’t change B1
3cii Mass/weight has increased so (power will) increase B1 | Allow (rate of change of) GPE increased
for mass increased
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L
Q4 1) product of force and displacement in direction of force B1
3(b) weight/force = mg, and g identified as acceleration of free fall B1
AFEp identified as work (done by lifting force/weight), and so = mg x Ah B1
3(c)(i) | 240 x 150 = 36 kJ A1
3(c)ii) | P =wit c1
=36000/60 A1
=600W
3(c)iii) | efficiency = useful output power/ total input power Cc1
=600/900 A1
=0.67
Q5 2) the point where (all) the weight (of the object) is taken to act B1
2(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
2c)() | (A)E = mg(A)h or W(A)h c1
=24x18 A1
=43J
2(c)(ii) oL c1
= % x (2.4/9.81) x 3.42 ¢t
=14J (atX)
kineticenergyatY =4.3+14 A1
=57J
or
%mv2 = %mu2 + mg(A)h ©n
v=342+2x9.81x1.8 (C1)
v2=46.9so v=6.85(ms")
KE = % x (2.4/9.81) x 6.852
=5.7J (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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' Q6 i) | (component = ) 4.8 sin 30° = 2.4 (N) A1
2(a)(ii) | (8.2x 0.50) or (W x 0.60) or (0.30 x 0.80) or (2.4 x 1.2) c1
(8.2 x 0.50) = (W x 0.60) + (0.30 x 0.80) + (2.4 x 1.2) c1
W=16N A1
2(a)(iii) | force = 4.8 cos 30° A1
=42N
2)() | (A)E) =mg(A)h or W(A)h c1
=0.30 x 0.090 A1
=0.027J
2(c)ii) | E=Ymv? c1
E =0.044 - 0.027 (= 0.017) Cc1
v2=(2x 0.017)/(0.30/9.81) (where v = speed at A) A1
v=11ms"
or
E = Yemv? (c1)
0.044 = 2 x (0.30/9.81) x v (where v = speed at B) (C1)
(v2=2.88)
v2 = 2 + 2as (where u = speed at A)
2.88=u2+2x9.81x0.090
u=11ms" (A1)
2(c)(iii) (gravitational / resultant) force / weight is vertical B1
2(c)(iv) | straight line with positive gradient starting from non-zero value of vy at time fa to a time ts B1
7 3(a)(i) | work done per unit time B1
3(a)ii) | W=Fs B1
P=Fs/t and (so) P=Fv B1
3(b) (F=) 130 x 103/25 = 5200 (N) A1
3(c)(i) (component of weight =) mg siné A1
3(c)(ii) | F (along slope due to weight) = 36 000 x 9.81 x sin 1.4° C1
(=8600 N)
(total) F = 5200 + 36 000 x 9.81 x sin 1.4° c1
(= 13800 N)
P=13800 x 25 A1
=350 x 103 (W)
=350 kW
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i 8 1)(i) work (done)/time (taken) B1
3(a)(ii) W=Fx or E=Fx B1
(P=)Fx/t=Fv or P=Fvt/t=Fv B1
3(b)(i) T =430 sin 11° or 430 cos 79° c1
=82N A1
3(b)(ii) |speed=56/82 A1
=0.68ms™’
3(b)(iii) | no change in kinetic energy (of block) B1
3(b)(iv) | (input power) =56/0.80 C1
(=70W)
time taken = 1.2 x 10%/70 A1
=17s
or
(useful energy) = 1200 x 80/ 100 (C1)
(=960 J)
time taken =960/56 (A1)
=17s
9 Y(a) work (done) = force x displacement M1
(force = mg and distance = Ah) A1
(so) work (done) = mgAh and work = AEp) (S0 AEp) = mgAh)
4(b) gravitational potential (energy) to heat/thermal (energy) B1
4(c)(i) P =mg(A)h/(A)t or Fv C1
P =(0.60x9.81 x 1.4)/4.0 or 0.60 x 9.81 x (1.4/4.0) A1
=21W
4(c)(i) |P=PR or IV or V?/R c1
=0.092x 47 or 0.09 x 4.23 or 4.232/47 A1
=0.38W
4(c)(iii) | efficiency = Pout/ Pin (x 100) or Eou/ Ein (x 100) c1
=0.38/2.1 (x 100) or 0.38 x 4.0/2.1 x 4.0 (x 100) A1
=0.18 or 18%
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10 (a) | ratio = 300/3200 A1
=0.094
4(b) E=Yimv2orEe«yv?2 Cc1
ratio = (0.094)° A1
=0.31
4(c) work (done against frictional force) = 3200 — 300 (=2900) c1
length =2900/76 A1
=38m
11 5) | work (done)/time (taken) B1
3(b)(i) |zero/0J A1
3(b)(ii) | work done = 440 x 25 A1
=1.1x10%J
3(0)0) | (A)Ew) = mg(a)h o
h =4.8x10%/(1700 x 9.81) A1
=29m
3(c)(i) | & =sin"(2.9/25) Al
=6.7°
3(d) work done = 4.8 x 10* + 1.1 x 10* (=5.9 x 10* J) C1
time =5.9x104/1.7 x 10* A1
=35s
12 o)) |P=Fv c1
=18x1.4 A1
=25W
2(a)(ii) a=Fim c1
a=18/72=0.25 (ms?2) c1
t =1.4/0.25
=56s A1
2(0b)()) |a=(54-18)/72 or 36/72 (= 0.50 ms=2) c1
v2=2x0.50x9.5 Cc1
v=3.1ms™’ A1
2(b)(ii) W =54 x9.5 A1
=510J
2(b)(iii) curved line from the origin M1
gradient of line increases A1
2(c) (force due to) air resistance increases/changes/not constant or air resistance increases with speed B1
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i 3, (a) (A)E= mg(A)h or W(A)h c1
=330x(4.0-1.1) A1
=960J

3(b) (work =) 960 — 540 C1
(=420J)
distance moved = (960 — 540) / 52 A1
=8.1m
3(c)(i) E =Yamv? c1
540 = 5 x (330/9.81) x 2 A1
v=57ms""
3(c)(ii) speed = horizontal component of velocity Cc1
=5.7 x cos41°
=43ms™ A1
I
14. @) force x displacement in the direction of the force B1
2(b)(i) |E=%mv? C1
(m =) 23 x2/162=0.18 (kg) A1
2(b)(ii) | (A)E = mg(A)h c1
60=0.18%x9.81xh
h=34m A1
2(b)(iii) | (work done =) 60 — 23 c1
=37()
average resistive force = 37 /34 A1
=1.1N
2(c) air resistance (acting on ball) increases B1
resultant force (on ball) decreases B1
or weight constant and air resistance increases
acceleration decreases B1
5. Aa) (work done =) force x displacement in direction of the force B1
3(b)i) |1. (A)E =mg(A)h c1
=042%x9.81x78 A1
=320J
2. E=¥mv? c1
(A)E =% x0.42 x 232 A1
=110J
3(b)(ii) | work done =320 - 110 (= 210 N) c1
average resistive force =210/78 Al
=27N
3(c) downward sloping line from (0, g) to a non-zero value on the time axis M1
line is curved with a gradient that becomes less negative and the line meets t-axis at time t< T A1
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‘ Question

Answer Marks
Q16 2(a)(i) distance in a specified direction (from a point) B1
2(a)(ii) change in velocity / time (taken) B1
2(b)(i) constant velocity so no resultant force B1
no resultant force so in equilibrium B1
2(b)(ii) | (difference in height =) 47 x 2.8 x 60 x sin24° = 3200 m A1
Question Answer Marks
2(b)iiy |1 (A)E =mg(A)h c1
=85 % 9.81 = 3200
=2.7x108J A1
2 Interms of energy: C1
work done = 2.7 x 108J
force = 2.7 x 108/ (47 x 2.8 x 60)
=340N A1
In terms of forces: (C1)
component of weight along path = force due to air resistance
force = 85 x 9.81 x sin24°
= 340N (A1)
2(b)(iv) | (A)p = pg(A)h c1
(92 —63) x 10° = px 9.81 x 3200
p=092kgm A1
Question Answer Marks
Q17 a)(i) work (done)/time (taken) B1
3(a)(ii) energy of a mass due to its position in a gravitational field B1
3(b)(i) P =Fv C1
=20x10°x45 A1l
=90x10'W
3(b)i) |1. W=(2.0x10*)x(45x3.0x60) or W=9.0x10"x3.0=x60 c1
W=16x10"J A1
2. (A)Er =mg(n)h Cc1
=1200x9.81x3.3x 3.0x60 A1
=7.0%10%)
3. W =16x10"-7.0x10° A1
=0.0x10%J
3(b)(iii) |force =(9.0x 10°/(45x 3.0 xB0) A1
=1.1x10°N
3(b)(iv) | constant velocity so no resultant force B1
no resultant force so in equilibrium B1
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‘ Question Answer Marks
Q18 a) energy (of a mass/body/object) due to motion/speed/velocity B4
2(b)i) | E=%mA ci
480 = % x m x 80° so m = 0.15kg A1
2(b)ii)) |1. E =mgh or AE=mgAh C1
=0.15x9.81 x 210 A1
=310J
2. work done =480- 310 A1
=170J
2(b)(iii) work done = Fs C1
force =170/210 A1
=0.81N
2(b)(iv) curved line from positive value on v-axis to (T, 0) M1
magnitude of gradient decreases A1
2(b)(v) as shell rises force decreases and as shell falls force increases B1
as shell rises force is downward and as shell falls force is upward B1
or
as shell rises the force decreases and is downward (B1)
as shell falls the force increases and is upward (B1)
‘ Question Answer Mark
Q19 i) v=u+at A1
v=9.6-(9.81x0.37)=6.0ms™’
3(b) s= "% x(9.6+6.0)x 0.37 c1
g.rOz =0.6°-(2x9.81x5)
or
5=(9.6 x0.37)— (%% 9.81 x 0.37%)
:; (6.0x0.37) + (%= 9.81 % 0.37%)
§=2.9m A1
3(c)(i) (A)E=mg(A)h c1
AE =0.056x9.81x29 A1
=1.6J
3(c)i) | E=1emv? c1
AE = % x0.056 x (6.0°—3.8%) A1l
=0.60J
3(d) force on ball (by ceiling) equal to force on ceiling (by ball) M1
and opposite (in direction) A1
3(e) (p=)mv or 0.056 x6.0 or 0.056 x 3.8 c1
change in momentum =0.056 x (6.0 + 3.8) A1l
=0.55Ns
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Question Answer Mark
3(f) resultant force = 0.55/0.085 (= 6.47N) Cc1
force by ceiling =6.47 —(0.056 x 9.81) A1l
=59N
‘ Question Answer Mark
Q20 a)i) force x distance moved in the direction of the force B1
2(a)(ii) energy (of a mass/body) due to motion / speed / velocity B1
20)i) |1 E=‘%mv? c1
(A)E =" x 580 x (22— 12%) = 9.9 x 10*J Al
2 (A)E=mg(A)h ci
AE =580 x9.81 x 13
=74 x10%J A1
. Question Answer Marks
2(b)(ii) | length = (2rx13)/4 or (nx26)/4 or (nx13)/2 =20m A1
2(b)(iiiy | work done against resistive force = 9.9 x 10° - 7.4 x 10* c1
average resistive force = (9.9 x 10° = 7.4 x 10%)/ 20
=1300N A1l
2(b)(iv) | from horizontal/right to vertical / up or 90° A1
2(b)(v) | p=mvor (580 x 22) or (580 x 12) c1
Ap =[(580x12)* + (580x22)? |°* c1
=15x10*Ns A1
" Question Answer Mark
Q21 ) force x displacement in the direction of the force B1
2(b)(i) | E=Ymv? c1
(m=)23x2/162 = 0.18 (kg) A1
2(b)(ii) | (A)E = mg(A)h c1
60=10.18 x9.81 xh
h=34m A1
2(b)(iii) | (work done =) 60 — 23 c1
=37 (J)
average resistive force = 37 /34 A1
=11N
2(c) air resistance (acting on ball) increases B1
resultant force (on ball) decreases B1
or weight constant and air resistance increases
acceleration decreases B1
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4‘ Question Answer Marks
Q22 (a) change in displacement/time (taken) B1
3(b) by calculation: Cc1
v2=422+ 232 — (2 x 42 x 23 x cos 54°)
3; = (42 — 23 cos 54°) + (23 sin 54° )2
:! = (42 —23sin36°)2 + (23 cos 36°)
v=34ms" A1
or
by scale diagram: triangle of vector velocities drawn (C1)
v=34ms' (allow + 1ms-! if scale diagram used) (A1)
3(c)i) | (A)E=mg(A)h or (A)E = W(A)h c1
h=6100/46 (= 133 m) c1
@ =sin-'(133/280) A1
=28°
3(c)(ii) |force=6100/280 or 46sin28° c1
=22N A1
3(d) Vis)= 280/14 (= 20ms™) c1
fo =fvi(v—vs) Cc1
f. =450 x (340 — 20)/ 340
=420 Hz A1
| Question Answer Marks
Q23 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=30N
2, F=Tcos53° or F2=T2-242 A1
F=18N
3(b)ii) |o=T/A or o=F/A Cc1
A=nd?’/4 or A=nr c1
o =3.0x4/[nx(0.50x 102 A1
=1.5x10"Pa
3(c)(i) | h=75-75sin53"=15¢cm A1
3(c)(i) | (A)E =mg(A)h or (A)E = W(A)h c1
(A)E =2.4x15x 102 A1
=0.36J
3(c)iii) | E=Yamv? B1
0.36 =% (2.4/9.81) x 2 c1
v=17ms"’ A1
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