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2.2 Forces

Question Paper

Course DPIB Physics
Section 2.Mechanics
Topic 2.2 Forces
Difficulty Hard

Time allowed: 70

Score: /57

Percentage: /100
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Questionla

Asun batheris supportedin water by a floating sun bed.

Sun bather

Water

Sun bed

(a)
Draw andlabelvectors representing the forces acting on the sun bed.
(4]

[4 marks]
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Question1b

The sunbatherhas incredible core strength and balance.

They standuprightatone end of the sun bed and begin to walk forwards at a constant velocity to theright.

Sun bather’s direction of motion

Water

Sun bed

(b)

(i)
Describe the magnitudes and directions of the forces acting between the sunbatherandthe sun bed

(4]
(ii)
Hence, explain the consequent motion of the sun bed.

(2]

[6 marks]
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Questionlc

The sunbedand sunbathermay be treated as a single, isolated system.

(c)

(i)
Explainhow the sun bed and sunbathermay be considered as a 'single’ system
(1]
(i)
Explain how the single system may be considered as 'isolated'.
(1

[2 marks]

Question1d

Treating the sunbed and sunbatheras a single, isolated system enables quantitative predictions aboutits centre of mass.

(d)

(i)
State andexplain the changein position of theisolated system's centre of mass as the sun batherwalks alongit
(2]
(ii)
Describe how the motion of the sun bed would changeif it had a much larger mass.

(1]
[3marks]
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Question 2a
(a)

Describe the microscopic origin of static friction between two objects.

(2]

[2 marks]
Question 2b
(b)
Compare and contrast the static force of friction and the dynamic force of friction.
[3]
[3marks]

Question 2¢
Ablock of mass 2.5 kgis atrest on aroughinclined plane. The block just begins to slip down the plane when the angle of
inclinationis 35°.

()
Calculate the coefficient of static friction between the block and the inclined plane.
You may use the following result:

o § = sin 0
an o= os 0
[3]
[3marks]
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Question 2d

The angle of inclinationis increasedto 40°.

(d)
Calculate the force that must be applied to the block to move it up the plane with an acceleration of 1.5 m s =2,

Use the following data:
e ug=0.30

(3]

[3marks]
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Question 3a
Aballtravelsin acircular path on theinside surface of a bowl.

The normalreaction force N makes an angle ¢ to the plane of the ball's path. Ignore the effects of friction.

(a)
On the free-body diagram below, construct an arrow to represent the weight of the ball.

(3]

[3marks]

Question 3b

(b)
Determine an equation for theresultant force acting on the ballin terms of its mass m and the angle toits plane of orbit ¢.

You may use theresult:

sin ¢
t =
an cos¢
(2]
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[2 marks]
Question 3¢
Theradius of the ball's orbit decreases.
()
Explain how the effects of friction are related to the decreasing orbital radius.
[3]
[3marks]

Question 3d

(d)
QOutlineif the ball could travel along a horizontal circular path with an orbital radius equal to the maximumradius of the bowl.
Ignore the effects of friction in youranswer.

[3]

[3marks]
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Question 4a

Awoman stands in an elevatorand measures the weight of a fish attachedto a spring scale. The scalereads 40 N when the
elevatoris stationary.

(a)

Sketch thereading on the spring scale as thelift gently accelerates upward.

(2]

[2 marks]
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Question 4b
As the elevator continues moving upwards, it gently decelerates to a standstill.
(b)
Draw andlabel a free-body force diagram for the fish as the elevator gently decelerates.
(2]
[2 marks]
Question4c
Therope that attaches the spring scale to the ceiling of the elevator suddenly snaps. The spring scale and the fish are
momentarily in free-fall - but the observer manages to take a reading from the scaleit falls.
(c)
State and explain thereading on the spring scale as it falls.
(2]
[2 marks]
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Question 4d

(d)
Sketch the variation of the contact force on the observer's feet as the elevator decelerates to rest on the axes provided.

The magnitude of the observers weight, mg, is included as a dashedline, forreference.

Force magnitude

mg ——————————————————————————

\ / Time
Start of Elevator

deceleration at rest

(3]

[3marks]
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Question 5a
Two blocks of mass 4.5 kgand 6.0 kg are joined by a string andrest on a smooth horizontal table. Aforce Fof 100 Nis applied

toone of the blocks.
/String

6.0kg —=>F

4.5 kg

)/fTabIe

(a)

Calculate
(i)
The acceleration of the blocks
(1
(i)
Thetensioninthe string.

[l
[2 marks]

Question 5b
The 4.5 kgblockis now placed on top of the 6.0 kg block. The coeffecient of static friction between themis 0.40.

(b)
Calculate the maximum horizontal force F that can be applied to the bottom block that would result in both blocks moving

togetherwithout slipping.
(3]

[3marks]
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The two blocks are now attached by a lightinextensible string that passes overa smooth pulley. They are held stationary and

suddenly released.

(c)

Determine the acceleration of each block and the tensionin the string.

Question 5d

The string attaching the blocks over the pulley in part (c) suddenly snaps.

(d)

4.5 kg

8.0 kg

(4]

[4 marks]

Describe and explain the subsequent motion of the block of mass 4.5 kg. (Assumeitwas moving upward at theinstant the

string snapped).
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