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PHYSICS

For there to be work (W), a force (F) applied to
an object must cause a net displacement (Ax)

The displacement (Ax) must be in the same
direction as the applied force (F)
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Person pushing the chair performs work
Force, F —

Person sitting in the chair performs NO work

lForce, o
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Calculating the work done

To calculate the work (W) done, you need to know the:

Force (F)

Displacement (Ax)

Angle (0) between the F and Ax

Mathematically, work (W) can be expressed as:

W = FAxcos @

The unit of work is Joule (J)

Work is a scalar quantity
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Work-Energy Theorem

The net work done on an object is equal to the
change in the object's kinetic energy
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(Net Force and direction of motion in SAME direction)

Positive Work done
Object speeds up

(Net Force and direction of motion in OPPOSITE direction)
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Thought experiment

FORCE
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mechanical energy (Ey + E,) mechanical energy (E, + E,)

= conserved O changes
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Calculating the Net Work

§W W+Wf+WN+WT

net =

W,—Work Due to gravity =~ W; - Work due to friction

W, — Work due to tension Wy — Work due to a applied force
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The Problem Solving Strategy

@ which forces (conservative and nonconservative)
are present

@ a free-body diagram indicating all the forces acting on
the object and to indicate "F ;"

@ which forces do work over the displacement.

@ W, for the problem.

(5) the known vaiues and calculate the unknown

variable (solution)

Remember
To calculate the work done for a single force, use

W = FAxcos @
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Using Free Body-Diagrams

Represent the object using either a dot or square.

The vectors (arrows) are drawn to represent the forces
acting directly on the object and show the direction of

the force.
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= frictional force

= tension (applied force, F, )
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A conservative force is a force for which the work done in moving
an object between two points is independent of the path taken.

Gravity

NO as there is friction between the object and the track

Ep = mgh = (1,8kg) x (9,8 m/s?) x (1,5m) = 26,46 J
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Continued...

(1) Conservative forces present are GRAVITY and non-conservative
forces are FRICTION and the NORMAL FORCE

(2) Free-body diagram of the object between
point A and B

(3) Fy and Fyg does no work since it is perpendicular
to the motion, F;and Fxg will do work

(4) Wnet = AE,

1

— %m(vfz-viz) - mghcos(0)

® W;=-m(v?v?) - mgh ==(1,8)(4* - 0,95%) - 26,46 = - 12,87 ]

No net force is acting on the object, therefore Work is 0J
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Past Exam Question Paper 1, May/June 2019, Q.5

A 70 kg box is initially at rest at the bottom of a ROUGH plane inclined at an angle of
30° to the horizontal. The box is pulled up the plane by means of a light inextensible
rope, held parallel to the plane, as shown in the diagram below. The force applied to

the rope is 700 N. /700 N
30°
5.1 What is the name given to the force in the rope? (1)

5.2 Give a reason why the mechanical energy of the system will NOT be conserved as
the box is pulled up the plane. (1)

The box is pulled up over a distance of 4 m along the plane. The kinetic frictional force
between the box and the plane is 178,22 N.

5.3 Draw a labelled free-body diagram for the box as it moves up the plane. (4)
5.4 Calculate the work done on the box by the frictional force over the 4 m. (3)

5.5 Use energy principles to calculate the speed of the box after it has moved 4 m.  (5)

5.6 When the box is 4 m up the incline, the rope accidentally breaks, causing the box to
slide back down to the bottom of the inclined plane.

What will be the total work done by friction when the box moves up and then down to the
bottom of the inclined plane? (1)
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Past Exam Question Paper 1, Oct/Nov 2018, Q.5

The diagram below, not drawn to scale, shows a vehicle with a mass of 1 500 kg
starting from rest at point A at the bottom of a rough incline. Point B is 200 m
vertically above the horizontal.

B

1500 kg | 200 m

The total work done by force F that moves the vehicle from point A to point B in 90s is 4,80
x 106 J.

5.1 Define the term non-conservative force. (2)
5.2 Is force F a conservative force? Choose from: YES or NO. (1)
The speed of the vehicle when it reaches point B is 25 m-s™

5.3 State the work-energy theorem in words. (2)

5.4 Use energy principles to calculate the total work done on the vehicle by the
frictional forces. (5)
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Past Exam Question Paper 1, Oct/Nov 2017, Q.5

In the diagram below, a 4 kg l 4 kg ] @
block Ilying on a rough = : .
horizontal surface IS
connected to a 6 kg block by a Gkg [
light iInextensible string T
passing over a light frictionless

pulley.
_____ L.

Initially the blocks are HELD AT | 6 kg |
REST

5.1 State the work-energy theorem in words. (2)
When the blocks are released, the 6 kg block falls through a vertical distance of 1,6 m.

5.2 Draw a labelled free-body diagram for the 6 kg block. (2)
5.3 Calculate the work done by the gravitational force on the 6 kg block. (3)

The coefficient of kinetic friction between the 4 kg block and the horizontal surface is 0,4.
Ilgnore the effects of air resistance.

5.4 Use energy principles to calculate the speed of the 6 kg block when it falls through
1,6 m while still attached to the 4 kg block. (5)
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Past Exam Question Paper 1, May/June. 2017, Q.5

The diagram below shows a boy skateboarding on a ramp which is inclined at 20° to
the horizontal. A constant frictional force of 50 N acts on the skateboard as it moves
from P to Q. Consider the boy and the skateboard as a single unit of mass 60 kg.

Ilgnore the effects of alir friction.

5.1 Draw a labelled free-body diagram, showing ALL the forces acting on the boy-
skateboard unit while moving down the ramp from P to Q. (3)

Points P and Q on the ramp are 25 m apart. The skateboarder passes point P at a speed
v, and passes point Q at a speed of 15 m-s-!

Ignore rotational effects due to the wheels of the skateboard.

5.2 State the work-energy theorem in words. (2)
5.3 Use energy principles to calculate the speed vi of the skateboarder at point P. (5)
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