A-LEVEL FURTHER MATHEMATICS . HOLIDAY HOMEWORK R#ifE

3 Further Mechanics — Part 2

Name: — Class: — Date:

Vocabulary JaJJT
Write each word three times. AR BARTPE = .

English F3 Write it 3 times (English)
Hooke’s law B e e

modulus of elastic- BHPEFEE
ity

elastic ~ potential FHEFFE
energy

coefficient of resti- K& &%
tution

Recall

In Part 1 you met projectiles and circular motion. Part 2 adds stretchy elastic strings
(Hooke’s law) and bouncy collisions (the coefficient of restitution).

New ideas

B 1 Hooke’s law

Hooke’s law i} 70 £ {3 says the tension in an elastic string or spring is proportional
to its extension x:

AT
T=—
L )
where L is the natural length and ) is the modulus of elasticity j#i{445iH. Stretch-
ing it stores elastic potential energy 7Hi{:FHE:
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tension T

A
Az
A
L
energy
> extension x
50 x 0.5
Worked example. L =2m, A=50N, x =0.5m: T = XT =12.5 N.

Micro-check. An elastic string has L = 1 m, A = 20 N and extension x = 0.2 m.
Find the tension. 1]

B 2 The coefficient of restitution

In a collision, momentum is conserved. The bounciness is measured by the coefficient
of restitution k&g 44 e:

speed of separation
e= v b , 0<e< 1.
speed of approach

Here e = 1 is perfectly elastic (no energy lost) and e = 0 is perfectly inelastic (the
bodies stay together).

before (approach) after (separate)

‘—><— <—‘ —

separation speed

approach speed

2
Worked example. Two balls approach at 4 m s™! and separate at 2m s ': e = = = 0.5.

4

Micro-check. Two bodies approach at 6 m s~! and separate at 3 m s=!. Find e. [1]
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Ax
Watch out: in 7' = T % is the extension —the extra length, not the total

stretched length. The stored energy uses 22, so doubling the stretch quadruples the
energy. The coefficient of restitution is separation + approach, always between 0 and
1.

Practice

3.1 An elastic string has natural length 2 m, modulus 40 N, and is stretched by 0.5 m.
Find the tension. 2]

A\ 2
3.2 For the string in 3.1, find the stored elastic energy (E = %) 2]

3.3 Two balls approach at 8 m s™! and separate at 2 m s!. Find the coefficient of
restitution. 2]

3.4 State the value of e for (a) a perfectly elastic collision; (b) a perfectly inelastic one. 2]

3.5 State what is conserved in every collision. 1]

3.6 Challenge. An elastic string of natural length 1.5 m and modulus 60 N is stretched
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to a total length of 2 m. Find the tension and the stored elastic energy.
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