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What we will cover

1 | Forces and deformation

2 Hooke's law

3 | Stress, strain & Young modulus
4 | Elastic vs plastic

5 | Energy stored

6  Recap
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Deformation of Solids

L Forces and deformation

Forces that change shape

A force along the length changes the shape —
deformation 727Z5. Two one-dimensional cases:

- W
Tensile fifh Compressive FE4 B £
- squeezes — a compres- . ol
<= 1] . - |
stretches — extension {H{<E x sion [E45, a negative x i;‘lﬂ 2
‘ — —> -— = L. ,\1

The applied force is the load 1%f; the shape change is measured Tensile testing machine

from the natural length.



2 Hooke’s law
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L Hooke's law

Hooke's law

Extension is proportional to load (at small
extensions):

2.0N stretches a spring 4.0 cm IX
natural length

2.0
k= — =50Nm! F
0.040 m
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L Hooke's law

The load—extension graph

m gradient of Fvs x = k

m straight only up to the limit

of proportionality Lt {54 [R
P

m beyond P the line curves —
the material may stay
elastic 3514 a little further,
then turns plastic 2%

m plotting length L instead of
x? The gradient still gives
k, since L= Lo+ F/k

load, F

limit of
proportionality, P
gradient k = %’i —

straight line
(F =kx)

extension, x

v
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L Hooke's law

Springs in series and parallel

m series $H9€ — the same load passes through both and the extensions add:

1 1
P + (softer)
m parallel #Eaé — each takes half the load and the extensions are equal: k= ki + ko
(stiffer)
series parallel
k1
k 2
ks
U R



Stress, strain, Young
modulus
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LStress, strain, Young modulus

Stress, strain and the Young modulus

F
m stress [/ /] 0 = Y (Pa)
m strain /7% ¢ = Ll (no unit)
0
ag FLO
E=—-="—.
€ Ax

E is a material property; k = EA/Ly also depends on size.
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LStress, strain, Young modulus

Stress, strain and the Young modulus, in detail

length Lg, arearess o =

strain € =

Se =l

(x = extension)

l load F'

Stress is the load per cross-sectional area; strain is the extension per original

length
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LStress, strain, Young modulus

Worked example — the Young modulus

Steel wire: Lo =2.0m, A=1.5%x10""m?2, x=1.0mm under 15N

g Flo _ 15 x 2.0
 Ax (1.5 x 1077)(1.0 x 10-3)

= 2.0 x 10 Pa.
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LStress, strain, Young modulus

Worked example — the Young modulus, in detail

[¢)
0
0
O]
—
-t
)

_o _ FA f
E=¢ =z (Hooke's law region only)

proportionality, P

\straight line:
gradient=E

»

strain, ¢

A stress—strain graph, straight up to the limit of proportionality P
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LStress, strain, Young modulus

Measuring E for a wire

original length L

clamp paper-flag - fixed scale

wire marker -

T \ F () pulley

B masses (load F)

add loads; plot F vs x
long thin wire over a pulley ;2% E = gradient x Ly/A

A= 7d?/4 from a

; . Long & thin gives a measurable extension;
micrometer 12725

repeating and measuring the diameter E 1% in
several places cuts random error [{H1/] 12 Z.
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LElastic vs plastic

Elastic and plastic behaviour

-4 elastic

Y | limit of limit, E

proportionality, P — .

= . straight, Hooke obeyed (to P)

/Jnloading elastic 3#4: returns to first
permandnfoading / length (to the elastic
extensior], B /// limit 32 4AR0R)
- > plastic #21%: a permanent

extension, x extension stays

Hooke up to limit of proportionality - plastic beyond yield
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L Energy stored

Energy stored in a stretched material

Work done = area under the F—x graph. For a Hooke material:

k=50Nm~!, x=0.20m
Ep = 3(50)(0.20)2 = 1.0J
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L Energy stored

Energy stored in a stretched material, in detail

E=1Fx=3kx? (area under

force

L —

g

7
F-x graph)

work done = energy stored
=3Fx

»

X

Work done = area under the F—x graph.

»

extension
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L Energy stored

Comparing and releasing stored energy

Using Ep = %Fx:
m same F, softer spring — bigger x — more
energy

m same x, stiffer spring — bigger F — more
energy

Released onto a mass, the elastic poten-
tial energy #1431 5E becomes kinetic en-
ergy ZEE: Sk = Smv? (+mgh if it rises).

area = Ep
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L Energy stored

Exam tips

m Hooke’s law (F = kx) holds only up to the limit of proportionality.

m Stress = F/A, strain = x/L, Young modulus = stress/strain (gradient of the
straight part of the stress-strain graph) — watch the units (Pa).

m Energy stored = area under the force-extension graph = %Fx in the elastic
region.

m Distinguish elastic (returns to shape) from plastic (permanent) deformation.
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L Recap

Topic 6 — key takeaways

a Hooke’s law e Young modulus
F = kxup to the limit of E = 0/e = FLy/Ax, a material
proportionality property

a Elastic / plastic o Stored energy

plastic leaves a permanent area under F—x: %ka
extension
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L Recap

Check yourself

Unit of the spring constant k7

()
T
>

Does the Young modulus depend on the
wire's shape?

Energy in a spring, k=200, x=0.10m?

What stays after a plastic deformation?

Answers 1. Nm~' 2. no (material only) 3. $kx* =1.0J 4. a permanent exten-
sion
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