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Hooke’s Law – The force needed to extend or 
compress a spring by a distance is proportional to 
that distance
The law is named after 17th century British physicist Robert 
Hooke, who sought to demonstrate the relationship 
between the forces applied to a spring and its elasticity. "the 
extension is proportional to the force“ or 

F=-kx
Where F is the force applied to the spring (in the form of 
strain or stress), x is the displacement of the spring, and k is 
the spring constant – a measure of stiffness
Read more at: https://phys.org/news/2015-02-law.html#jCp



Illustration of Hooke’s Law

Credit: GSU/hyperphysics



Hooke’s Law is compatible with Newton’s laws of static equilibrium (an 
object at rest is in equilibrium or in static equilibrium. An object at rest is 
described by Newton's First Law of Motion. An object in static 
equilibrium has zero net force acting upon it).
Hooke’s Law is a perfect example of the First Law of Thermodynamics –
Any spring when compressed or extended almost perfectly conserves 
the energy applied to it. The only energy lost is due to natural friction. In 
addition, Hooke's law contains within it a wave-like periodic function. A 
spring released from a deformed position will return to its original 
position with proportional force repeatedly in a periodic function. The 
wavelength and frequency of the motion can also be observed and 
calculated.





Limitation’s of Hooke’s law

Many materials obey this law as long as the 
load does not exceed the material’s elastic 
limit or the limit of proportionality
Use SI units N/m or kg/s2.





Elastic Potential Energy

If a force results in only deformation, with no thermal, sound, 
or kinetic energy, the work done is stored as elastic potential 
energy.

Express elastic energy stored in a spring in a mathematical form



Elastic Potential Energy

If a force results in only deformation, with no thermal, 
sound, or kinetic energy, the work done is stored as 
elastic potential energy.

Express elastic energy stored in a spring in a mathematical form

In order to produce a deformation, work must be done. That is, a force must 
be exerted through a distance, whether you pluck a guitar string or compress a car spring. 
If the only result is deformation and no work goes into thermal, sound, or kinetic energy, 
then all the work is initially stored in the deformed object as some form of potential energy. 
Elastic energy is the potential mechanical energy stored in the configuration of a material or 
physical system when work is performed to distort its volume or shape.  



A graph shows the applied force versus deformation x for a system that can be 

described by Hooke’s law. Work done on the system is force multiplied by 

distance, which equals the area under the curve, (Method A in the figure). 

Another way to determine the work is to note that the force increases linearly from 

0 to kx, so that the average force is 1/2 kx, the distance moved is x, and thus 
W=Fappd=(12kx)(x)=12kx2 (Method B in the figure).





•In order to produce a deformation, work must be done.

•The potential energy stored in a spring is given by PEel=12kx2 PEel=12kx2, where k is the 

spring constant and x is the displacement.

•Deformation can also be converted into thermal energy or cause an object to begin 

oscillating.

Key Terms

•deformation: A transformation; change of shape.

•kinetic energy: The energy possessed by an object because of its motion, equal to one half 

the mass of the body times the square of its velocity.

•oscillating: Moving in a repeated back-and-forth motion.



Tensile testing

Tensile testing involves stretching a test piece of 
the material in a testing machine. The machine 
indicates the tensile load being applied. The test 
piece is a circular or rectangular cross sectional bar 
which has a constant cross section over the gauge 
length, the length for which the extension is 
measured. Measurements are made of the 
extension as the load is gradually increased, Hence 
the strain is determined at different stresses.



Typical stress strain trace for mild steel, a 
ductile material



Cast iron and concrete are brittle materials



Proof stress is used 
for aluminium alloys  
which do not have a 
well defined yield 
stress. 0.2% proof 
stress is the stress 
that gives a 0.2% 
offset. i.e. a line 
parallel to the linear 
part of the stress 
strain graph that 
cuts the x axis at 
0.2%



Factor of safety

In design a factor of safety is added to keep 
working stresses in safe limits. For a brittle 
material, the factor of safety is defined as the 
ratio of tensile strength to the maximum working 
stress.
For ductile materials it is defined as the ratio of 
yield or proof stress to the maximum working 
stress.
For dead loads (unchanging) a factor of safety of 
4 or more is used.



12. a) Consider an 95kg climber hangs from a nylon rope and stretches it by 35cm. If the rope was originally 34m long and its diameter was 10mm. (take g = 9.81ms-2)

Calculate;

(i) the tensile strain

(ii) the tensile stress

(iii) the Young’s Modulus.

[6]

b) Sketch a diagram of stress and strain and label with the following letters:
P, Y1, Y2, B, UTS and E [6]

P – The limit of proportionality
Y1 – Yield point 1
Y2 – Yield point 2
B – Breaking point
UTS – Ultimate tensile stress
E – Elastic limit
c) i) A second rope of cross sectional area 0.53cm2 breaks when the tensile stress exceeds 7 x 106Nm-2. What is the maximum load that can be lifted by the rope?
ii) Given that the strain experienced by the rope in part c)i) above at a stress of 7 x 106Nm-2 is 1.5, calculate the Young’s modulus of the rope.



Question

1a)i)State what is meant by the spring constant, k
ii)Show that the unit of k may be written as kg s-2

1b)A brief experiment is carried out in order to determine k for a spring. The 
following results are obtained.

Weight, W, attached to spring /N Stretched length of spring/m

1.0 0.25

5.0 0.45

b)i)Determine the value of k, stating any assumptions you make.[3]
ii)Determine the unstretched length of the spring. Show your reasoning [2]
iii) Calculate the elastic potential energy stored in the spring when W = 5.0N [3]
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https://www.youtube.com/watch?v=8wgwSZ
NxNUo


