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2.3 Work, Energy & Power

Question Paper

Course DPIB Physics
Section 2.Mechanics
Topic 2.3Work, Energy & Power
Difficulty Hard
Time allowed: 70
Score: /52
Percentage: /100
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Questionla
Apackingcompany have a contraptioninvolving aninclined plane and a spring. It is used to pack and seal their boxes.

Abox of mass 4800 gwith an initial speed 21.96 km h~'begins to move up a smooth incline.

21.96 km h™! 230 mm

[ ]—

The box is momentarily brought to rest after colliding with a spring of spring constant 195 N m-'. It stops a vertical distance of
230 mm aboveits initial position.

(a)
Calculate the compression of the springin mm.
(3]

[3marks]

Question1b

On a differentsetup, theinclined planeis rough and has a coefficient of friction of 0.3. Anew box comes torest part way up
the slope after2.12 seconds.

(b)
Determine the height the boxreaches at the pointit comes torest,

You may use theresult:

. sin 0
an 6 =
cos 0
[4]
[4 marks]
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Question 2a

Some cargo ships use kites togetherwith the ships engine to move heavy pieces of cargo.

Kite

Direction
of travel
S

The tensionin the cable that connects the kite to the shipis 475 kN. The kiteis pulling on the ship at an angle of 6to the
horizontal plane of the ship's deck. The ship travels at a steady speed of 14.76 km hr-'when its engines operate with a power
output of 5.9 MW. The work done by the engines is 0.365 GJwhen turned on for 0.09 hours.

(a)
Calculate the efficiency of the kite.
(4]

[4 marks]
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Question 2b

The ship continues its journey using both the engine and the kite to maintain the same constant speed. After 0.09 hours with
the engine on, the ship drives into a spring net erected between two rocky outcrops. Uponimpact, the net force from the ship
acts parallel to the direction of extension of twelve identical springs in the net and the ship comes to a complete stop with
the springs in the net extended. The ship has a mass of 2200 metric tonnes.

(b)
Calculate the extension of one of the springs in the net to the nearest millimetre. Assume no energy is lost upon impact.
[3]
[3marks]
Question 3a
Agolfingteam are conducting investigations into the optimum angles at which golfers should hold their clubs to swing for
the ball.
I
I
|
Centre of mass !
of club head !
|
Club head !
i
h i
I
1
-
——————————————————— L--- Ball
Golf clubAis heldat an angle of 30° to the vertical at the pivot and golf club B at an angle of 45°. Both golf clubs are1.05m
longandhave the same mass.
(a)
Compare the maximum speeds of the club heads just before they hit the ball.
(5]
[5 marks]
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Question 3b

(b)
Obtain an expression to calculate the time of swing for golf club A if the time of swing for golf club Bis 0.23 seconds.

Assume no additional forceis applied to the golf clubs apart from theirweight during the swing.
(4]

[4 marks]
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Question 4a

An objectis atrest atthe top of a straight slope that makes a fixed angle with the horizontal at a distance h above the ground.

The objectis released and slides down the slope from A to B with negligible friction. Assume that the potential energy is zero
atB.

(a)
Sketch and explain a graph showing:

(i)
Thevariation of gravitational potential energy of the object along the slope, label P.
[2]
(if)
Thevariation of kinetic energy of the object along the slope, label K.

(3]
(iii)
Thevariation of kinetic energy of the object along the slope when thereis a frictional force between the object and the
surface, label F.

[3]
[8 marks]
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Question 4b
Inatheme parkride, a cage containing passengers falls freely a distance of xm from Ato B and travels in a circular arc of
radius 25 m. from B to C. The force required for circular motion on a passenger of mass 63.25 kgis 0.064 x 102kN.

The equation for calculating centripetal force on an object movinginan arcis:

mv?
T or
Brakes are applied at C afterwhich the cage with its passengers travels 70 m along an upward slopingramp and comes to
restatD. Thetrack, togetherwithrelevant distances, is shown in the diagram. CD and makes an angle dwith the horizontal.

A T Passenger cage
\A
X
A 25 m
B radius™!
i 70m D
Ci __V_go _

The totalmass of the cage and passengers is 3.556 x 102kg. The average resistive force exerted by the brakes between C
andDis 4.4 x10°N.

(b)
Calculate the angle of theramp to the horizontal, 6.
(5]

[5 marks]
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Question 5a

The diagram below shows a projectile launcherwith a springin both a compressed and uncompressed position. When the
springis compressed, in preparation forlaunching the projectile, the plateis heldin place by a pin at three different
positions, P, @ and R. When the pinis released the sphereis launched.

Uncompressed spring Compressed spring
Plate Sphere
I 1 I 117
F"n/!> Q R P QR

Astudent hypothesises that the spring constant of the springinside the launcherhas the same value for different
compression distances.

(a)

The student plans to test the hypothesis by launching the sphere using the launcher.

(i)

State a physics principle orlaw that can be usedin designing and conducting an experiment to test this hypothesis.

(1]
(i)

mgh
Hence, or otherwise, show thatk = 2
X
Measurements can be made with equipment usually foundin a schoollaboratory using the principle orlaw statedin part (i).
(3]
[4 marks]
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(b)
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Design an experimental procedure to test the hypothesis.

(i)

In the table below suggest the quantities, their symbols and the equipment used to measure each.

Quantity tobe measured

Symbol

Measuring equipment

(i)

Describe the best procedure that can be used to test the hypothesis.
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(3]

[5]
[8 marks]
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Question 5¢
(c)

Assess how the experimental data can be analysed to confirm or dispel the hypothesis.
(4]

[4 marks]
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