A-LEVEL PHYSICS « EXERCISE SHEET

6.1.1 Stress, strain and the Young
modulus

Name: Class: ___ Date: Total: 26 marks
KEY WORDS stress

e cross-sectional area

o strain « Young modulus
« micrometer

Objective

Answer exam questions on stress , strain and the Young modulus

: the definitions, the calculation for a wire, reading a stress—strain graph, and the ex-
periment to measure the Young modulus of a metal wire. Syllabus 6.1, learning outcomes
5 and 6.

You must be able to:

¢ define stress, strain and the Young modulus, with their units

« calculate the Young modulus of a wire from its load, extension, length and diameter

e find the Young modulus from the gradient of a stress—strain graph or of a load—
extension graph

e describe the experiment for a metal wire, including which measurement limits its
accuracy

1 Key knowledge and worked examples

B Key knowledge: stress, strain and the Young modulus
Quantity Definition Equation Unit
. F

stress force per unit o= — Pa
cross-sectional A
area

strain extension per = hd none
unit original L
length

Young stress + strain, £ = 7 F—L Pa

modulus  within the e Az
limit of
proportionality

2

wd
« the cross-sectional area of a wire of diameter d: A = T; convert mm to m before

squaring

o a force-extension graph describes one specimen; a stress—strain graph describes
the material: the gradient of its straight part is the Young modulus

o typical metals: E ~ 10'! Pa; an answer near 10° or 10'* usually means a lost

power of ten

EA L
« on a load—extension graph, gradient = R so B = gradient x —

A

B Key knowledge: measuring the Young modulus of a wire

original length Lo

clamp paper-flag - fixed scale
wire marker " ~~__
~
IMOLT
E masses (load F)
Quantity Instrument Why

original length L

diameter d

extension x

load F'

metre rule, clamp to marker

micrometer, at several
places and in two directions

marker against a mm scale,
or a travelling microscope

known masses, F' = mg

a long wire gives a
measurable extension

the wire may not be
uniform or round

read the zero before loading

load and unload: the wire
should return to its length

o the diameter has the largest percentage uncertainty, because it is the smallest
length measured, and it is squared in A: its percentage uncertainty doubles in

E

o plot load against extension, check the line is straight, and use its gradient



B Worked example: the Young modulus of a steel wire

A steel wire of original length 2.00 m and diameter 0.50 mm extends by 2.5 mm under
a load of 50 N.

md®  w(0.50 x 107%)?

1. Area - A= o= 1 =1.96 x 1077 m?.
F 50 s
2. StreSS — 0 = Z = m = 255 X 10 Pa.
. r  25x1073 s
3. Stralnfsfszfl.&r)xlo .
2.55 x 108
4. Young modulus — E = 7 X = 2.0 x 10! Pa.

e 125x10°3

B Worked example: from the gradient of a load—extension graph

A copper wire of length 1.50 m and diameter 0.40 mm gives a straight load—extension
line of gradient 1.0 x 10* N m~".

& 7(0.40 x 107%)?

1. Area — A = % = ; =126 x 107 m?.
FL F L
2. Young modulus - from F = TS the gradient — gives £ = gradient X 1=
x x
1.50
1. 10 X ———— =1.2 x 10! Pa.
0X0X1.26><10*7 x 10* Pa

B Worked example: the uncertainty in F

In the steel wire above, d = (0.50 + 0.01) mm, z = (2.5 +0.1) mm, and F' and L are
known to +£1% together.

Ad .01
1. Diameter — — = % = 2%, doubled because A o< d?: 4%.
Az 0.1
9. Extension — — = 01 4%.
T 2.5

FL AF
3. Total - £ = e multiplies and divides, so the percentages add: = = 4% +
x
4% +1% = 9%, and E = (2.0 £ 0.2) x 10! Pa.

2 Practice

Now apply the methods above.

2.1 Define stress and strain. £

stress / strain

2.2 State the unit of the Young modulus, and explain why it is the same as the unit
of stress. 2]

F

— >

>

L

2.3 A wire of diameter 0.30 mm carries a load of 20 N. Calculate the stress in the wire. 2|

F

> 030mm

L 20N

2.4 A wire of original length 1.80 m extends by 1.2 mm. Calculate the strain. 1]
F

S 18m

-~ >

L 1.2 mm

2.5 The stress in the wire of 2.4 is 1.5 x 10® Pa. Calculate the Young modulus of its
metal. 2]

i F
7 1.5 x 108 Pa

-«

L

3 Exam-style questions

3.1 Which unit is the unit of the Young modulus, written in SI base units? 1]
[:] A kg m 872 KA F
A ——
Bkgm s “
C kg m™ L
D kg 572



3.2 Two wires, P and Q, are made of the same metal. Q has twice the length and twice

extension of
the diameter of P. Both carry the same load. What is %Q'f 1
extension of P

D A X
B3
Cl1 Y e————
D2

3.3 A brass wire has an original length of 2.40 m and a diameter of 0.62 mm. A load of
45 N extends it by 2.5 mm, within its limit of proportionality.

(a) Define the Young modulus. [1]

&)

(b) Calculate the stress in the wire.

; F
7 240 m
L 0.62 mm
(c) Determine the Young modulus of brass. 3]

(d) A second wire of the same brass has the same length but half the diameter. It carries
the same load. Calculate its extension. 2]

3.4 A student measures the Young modulus of a copper wire.

(a) Describe how the student should measure the diameter of the wire, and explain
why. 2]

(b) The student plots a graph of load against extension. Explain how the Young modulus
is found from the graph. 2]

(c) The diameter is (0.36£0.01) mm and the extension at the largest load is (3.0+0.1) mm.
Determine the percentage uncertainty in the Young modulus, assuming the length and
the load are exact. 2]

T (0.36+0.01) mm

-~ >

L (3.0£0.1) mm

(d) State one change to the wire that would make the percentage uncertainty in the
extension smaller. 1]



