Solutions
Each answer shows the steps, then the result.

2.1

o the acceleration is proportional to the displacement from a fixed point, and is
always directed towards that point

e a=—wz
2.2
o the restoring force from the spring is F' = —kx
o apply Newton’s second law
F k
a=—=——x
m m
. . 2 . 2 k
e comparing with a = —w*z gives w®* = —, so
m

m
7" _ o |2
w i k

2.3

the restoring force is —mg sin 8, which is proportional to sin # and not to the displace-

ment itself
« only for small angles does sin f &~ ¢, making the force proportional to z; for a large
amplitude the approximation fails and the motion is no longer simple harmonic

24

o find w from the period

2 2
_ 2T T 7.85 rad s !

T 080s

W

e then ay = w?zy, with the amplitude in metres

ap = (7.85rad s ')? x 0.024 m = 1.5 m s

2.5
0.15s 1
o the lag is a fraction — = = —of 1
€ lag 1S a Iraction T 0.60 s 1 Ol a cycle
—9m x 2 = T rad (1.6 rad)
p=2mx =grad(l6ra
2.6

s
o displacement and velocity: 5 rad, with the velocity ahead

o displacement and acceleration: 7 rad — exactly out of phase

3.1C
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e a = —w?z, so the gradient of the line is —w?, which is negative

o therefore w = /—gradient. A and B forget the square root; D gives the square root
of a negative number

3.2
(a)

 at equilibrium the upthrust already balances the weight, so the resultant force comes
only from the extra upthrust

o the extra volume submerged is Az, so the extra upthrust is pAxg, acting upwards
while x is measured downwards

F = —pAgx
(b)

o apply Newton’s second law

g (pAg>
a=—=—|— )=z
m m

e p, A, g and m are constant, so a « —z: the motion is simple harmonic, with

2_PA9
w" = —
m

(c)

« substitute, keeping units

, 1000 kg m™ x 2.8 x 107° m? x 9.81 m s~2

=61.0 572
“ 0.45 kg i
2 2
r="o_ T _080s
w 7.81 rad s
3.3
(a)
. . x g o g
o for a small angle the restoring force is —mgz, SO a = —zaz and w* = 7

o therefore

2 L dn?
T="con/” —= m=""1p
w g g
(b)

2

T
o the gradient is —, so rearrange for g
g

472 472

- - —9.7m s 2
g gradient  4.06 82 m~! s

(c)
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o any two of: the angle of swing is small, so that sinf ~ 6; the mass of the string
is negligible; the bob behaves as a point mass; air resistance and other damping
are negligible; the string does not stretch

(d)
o find the period from the graph, then w
T? =4.06 s> m™ ' x 0.65 m = 2.64 %, T=1062s

2m 2m -1
= =Tz 3.87rad s

e then vy = wx(, with the amplitude in metres

vo=387rad s ' x0.035m=0.14 m s~}

(e)
o use v =wy/x3 — 12

v =387rad s~ x 1/(0.035 m)2 — (0.020 m)2 = 3.87 x 0.0287 m = 0.11 m s~ *

(f)

e no change: the mass cancelled in a = —%x, so the period depends only on L and g
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