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Some candidates used suvat equations to obtain a “correct” answer to this question, but they scored no marks because they
had not followed the instruction to use the work-energy principle. The majority of candidates did gain credit for finding at

least some of the relevant terms. The most common errors were to assume that the initial kinetic energy was zero, or to

overlook the work done against the resistance. Having been told that the plane was rough, some candidates engaged in

unnecessary work to try to find the coefficient of friction between the particle and the plane.

In forming the work-energy equation, there were some sign errors, some candidates omitted either the work done against the

resistance or the change in gravitational potential energy, and some candidates included both the change in gravitational

potential energy and the work done by the weight.

The final answer follows the use of 9.8, so it should be given to 2 significant figures or to 3 significant figures.

The question:

The examiners’ report:
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Drop the ball
1. Ball dropped vertically under gravity from rest, no air resistance
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Drop the ball – how do they vary?
1. Ball dropped vertically under gravity from rest, no air resistance

In initial 

position

In final 

position
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GPE = mgh

This is direction variation with 

displacement (height)

KE = ½ mv2

but under constant 

acceleration: ݒଶ = ଶݑ + ʹ��
and since ݑ = Ͳ this is also 

direction variation with 

displacement (height)
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Drop the ball - intermediaries
1. Ball dropped vertically under gravity from rest, no air resistance

In initial 
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In final 
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Drop the ball - totals
1. Ball dropped vertically under gravity from rest, no air resistance

In initial 
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Drop the ball – the energy equation
1. Ball dropped vertically under gravity from rest, no air resistance
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The energy equation 

Total input energy = Total output energy

Initial GPE = Intermediary GPE and KE = Final KE
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Just stretch
2. Ball on elastic string dropped vertically from zero extension from 

rest, no air resistance, fall to lowest point.

In initial 

position

In final 

position
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EPE KEInitial position

Final position Initial
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Final

position

Something to 

do with KE in 

here…
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Just stretch - intermediaries
2. Ball on elastic string dropped vertically from zero extension from 

rest, no air resistance, fall to lowest point.

In initial 

position

In final 

position
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Somewhere in 

the middle

GPE KE EPE

Justify the 

shape of this 

curve? 
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Just stretch – how do they vary?
2. Ball on elastic string dropped vertically from zero extension from 

rest, no air resistance, fall to lowest point.

E
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y

displacement
Somewhere in 

the middle

GPE KE EPE
GPE = mgh: direction variation 

with displacement (height)

KE = ½ mv2

Tricky! Acceleration is not constant

EPE = 
��2ଶ

Proportional to the (positive) square 

of the extension, so a positive 

quadratic.



JS Jan 2021

GPE

KE

EPE

Fd

Go to student.desmos.com and enter code A8V B8S

Just stretch – mind the gap
2. Ball on elastic string dropped vertically from zero extension from 

rest, no air resistance, fall to lowest point.

In initial 

position

In final 

position
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Just stretch – et voilá!
2. Ball on elastic string dropped vertically from zero extension from 

rest, no air resistance, fall to lowest point.

In initial 

position

In final 

position
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Somewhere in 

the middle

GPE KE EPE
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Just stretch – the energy equation
2. Ball on elastic string dropped vertically from zero extension from 

rest, no air resistance, fall to lowest point.

The energy equation 

Total input energy = Total output energy

Initial GPE = Intermediary GPE, EPE and KE = Final EPE

E
n

e
rg

y

E
n

e
rg

y

displacement
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Just stretch – critical points
2. Ball on elastic string dropped vertically from zero extension from 

rest, no air resistance, fall to lowest point.

E
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e
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y

displacementSomewhere in 

the middle

GPE KE EPE

What is 

happening 

here?

KE is at a maximum

velocity is maximum

acceleration is zero

the resultant force is zero

This must be an equilibrium 

point – where the weight of 

the ball is instantaneously 

equal to the tension in the 

string.
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The long drop
3. Ball on elastic string dropped vertically from point where string is 

fixed from rest, no air resistance, fall to lowest point.

What are 

the critical 

points? 

Release point

String becomes taut

Equilibrium point 

(max velocity)

Lowest point
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The long drop – how do they vary?
3. Ball on elastic string dropped vertically from point where string is 

fixed from rest, no air resistance, fall to lowest point.
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displacement
Somewhere in 

the middle

GPE KE EPE
GPE = mgh: direction variation 

with displacement (height)

KE = ½ mv2

Two parts: direct proportion 

while string is slack, then 

variable acceleration section

EPE = 
��2ଶ

Zero until string is taut, then 

proportional to the square of the 

displacement (extension).

Not 

immediately 

obvious
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The long drop – mind the gap
3. Ball on elastic string dropped vertically from point where string is 

fixed from rest, no air resistance, fall to lowest point.
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y
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Somewhere in 

the middle

GPE KE EPE
GPE = mgh: direction variation 

with displacement (height)

KE = ½ mv2

Two parts: direct proportion 

while string is slack, then 

variable acceleration section

EPE = 
��2ଶ

Zero until string is taut, then 

proportional to the square of the 

displacement (extension).
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The long drop – mind the gap
E
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Somewhere in 

the middle

GPE KE EPE

Release 

point

String 

becomes 
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Equilibrium 

point

Lowest 
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Release point

String becomes taut

Equilibrium point 

(max velocity)

Lowest point

3. Ball on elastic string dropped vertically from point where string is 
fixed from rest, no air resistance, fall to lowest point.
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The long drop – the energy equation
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A

3. Ball on elastic string dropped vertically from point where string is 
fixed from rest, no air resistance, fall to lowest point.

The energy equation 

Point
Energies to 

include

A Release point

B General point where string is slack

C String is just taut

D General point where string is stretched

E Lowest point

B C D E
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The long drop – the energy equation
E
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A

3. Ball on elastic string dropped vertically from point where string is 
fixed from rest, no air resistance, fall to lowest point.

The energy equation 

Point
Energies to 

include

A Release point GPE only

B General point where string is slack GPE and KE

C String is just taut GPE and KE

D General point where string is stretched GPE, KE, EPE

E Lowest point EPE only

B C D E

The total energy at any of these points can be 

equated with the total energy at any other point. 
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Boing
4. Ball dropped vertically under gravity from rest, no air resistance, 

bounces and rises to first instantaneous rest.
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Final
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BOING!
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Boing – mind the gap
4. Ball dropped vertically under gravity from rest, no air resistance, 

bounces and rises to first instantaneous rest.

E
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E
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e
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y
Initial position

Final position Initial

position

Final

position

So what’s 
missing 

here?

BOING!

Energy has 

been lost in 

the impact: 

▪ Sound

▪ Heat
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Pew Pew!
5. Ball on elastic string fired horizontally on a smooth table from point 

where string is fixed, to first instantaneous rest.
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Point at which 

string is just taut
What 

happens to 

the KE here?

Initial
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Point at which 

string is just taut

Final
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Pew Pew! – how do they vary?
5. Ball on elastic string fired horizontally on a smooth table from point 

where string is fixed, to first instantaneous rest.
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Pew Pew! – mind the gap
5. Ball on elastic string fired horizontally on a smooth table from point 

where string is fixed, to first instantaneous rest.
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Pew Pew! – the energy equation
5. Ball on elastic string fired horizontally on a smooth table from point 

where string is fixed, to first instantaneous rest.
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A B C D E

The total energy at any of these points can be 

equated with the total energy at any other point. 

The energy equation 

Point
Energies to 

include

A Just as particle is fired from A

B General point before string is taut

C String is just taut

D General point where string is stretched

E First instantaneous rest
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Pew Pew! – the energy equation
5. Ball on elastic string fired horizontally on a smooth table from point 

where string is fixed, to first instantaneous rest.
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E
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e
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y

The energy equation 

Point
Energies to 

include

A Just as particle is fired from A KE only

B General point before string is taut KE only

C String is just taut KE only

D General point where string is stretched EPE, KE

E First instantaneous rest EPE only

A B C D E

The total energy at any of these points can be 

equated with the total energy at any other point. 
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Roughly correct
6. Ball on elastic string fired horizontally on a rough table from point 

where string is fixed, to first instantaneous rest.

We’ll use the standard model of friction as a constant resisting 
force � whilst the ball is in motion.

This means that at a displacement � from the initial position, the 

work done against friction will be ��.

Initial

position

Point at which 

string is just taut
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Roughly correct – how do they vary?
6. Ball on elastic string fired horizontally on a rough table from point 

where string is fixed, to first instantaneous rest.

Initial

position

Point at which 

string is just taut

Final

position

E
n

e
rg

y

E
n

e
rg

y

E
n

e
rg

y

EPE = 
��2ଶ

Zero until string is taut, then proportional to 

the square of the displacement (extension).

Work done against friction = ��
This is directly proportional to displacement

What happens to 

the KE here?
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Roughly correct – how do they vary?
6. Ball on elastic string fired horizontally on a rough table from point 

where string is fixed, to first instantaneous rest.

Initial

position

Point at which 

string is just taut

Final

position

E
n

e
rg

y

E
n

e
rg

y

E
n

e
rg

y

EPE = 
��2ଶ

Zero until string is taut, then proportional to 

the square of the displacement (extension).

Work done against friction = ��
This is directly proportional to displacement



JS Jan 2021

GPE

KE

EPE

Fd

Go to student.desmos.com and enter code A8V B8S

Roughly correct – the energy equation
6. Ball on elastic string fired horizontally on a rough table from point 

where string is fixed, to first instantaneous rest.

A B C D E

The total energy at any of these points can be 

equated with the total energy at any other point. 

E
n
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y

E
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y

The energy equation 

Point Energies to include

A
Just as particle is fired from 

A

B
General point before string 

is taut

C String is just taut

D
General point where string 

is stretched

E First instantaneous rest
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Roughly correct – the energy equation
6. Ball on elastic string fired horizontally on a rough table from point 

where string is fixed, to first instantaneous rest.

The energy equation 

Point Energies to include

A
Just as particle is fired from 

A
KE only

B
General point before string 

is taut

KE, work done against 

friction

C String is just taut
KE, work done against 

friction

D
General point where string 

is stretched

EPE, KE, work done 

against friction

E First instantaneous rest
EPE, work done against 

friction

The total energy at any of these points can be 

equated with the total energy at any other point. 

A B C D E
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What haven’t we considered? 
▪ Work done to increase the energy of the system 

e.g. a winch pulling the ball up.

▪ Air resistance, variable resistance

Which side of 

the energy 

equation?

More realistic 

but might need 

calculus
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Question 3

Some candidates used suvat equations to obtain a “correct” answer to this question, but they scored no marks because they
had not followed the instruction to use the work-energy principle. The majority of candidates did gain credit for finding at

least some of the relevant terms. The most common errors were to assume that the initial kinetic energy was zero, or to

overlook the work done against the resistance. Having been told that the plane was rough, some candidates engaged in

unnecessary work to try to find the coefficient of friction between the particle and the plane.

In forming the work-energy equation, there were some sign errors, some candidates omitted either the work done against the

resistance or the change in gravitational potential energy, and some candidates included both the change in gravitational

potential energy and the work done by the weight.

The final answer follows the use of 9.8, so it should be given to 2 significant figures or to 3 significant figures.
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input energy  = output energy

Total 

energy at A 
+

any work done to 

increase the energy 

of the system 

=
Total 

energy at B  
+

any work done to 

decrease the energy 

of the system 

KE at A + GPE at A = KE at B + Work done against friction+ 0ͳʹ�ݒଶ +��ℎ = ͳʹ�ݒଵଶ + ��ଵଶ�. 5ଶ +��. 8 sin � = ଵଶ�ݒଶ + �5 . 8 etc…

5 ms−ଵ
ݒ ms−ଵ

�

sin � = 5͵
8 m

��5 N A
B

�� N
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