r |

Chapter 5: Oscillations

~
J{Tﬂ i atom in a crystal vibrates with s.h.m. with a
frequency of 10' Hz. The amplitude of its motion
is 2010 % m,

a Skeich a graph 1o show how the displacemen

of the atom varies during one cycle.
b Llse vour graph to estimate the
maximam velocity of the atom,

Equations of s.h.m.

The graph of Figure 5.15a shown earlier represents
how the displacement of an oscillator varies during
s.hum. We have already mentioned that this 15 a sine
curve. We can present the same information in the
form of an equation. The relationship between the
15 a5 follows:

dizplacement x and the (ime

Azing. i)

where 4 15 the amplitude of the motion and Fis s
frequency, Sometimes the same molion 15 represcnibed
using a cosing function, rather than a sine function:

r = Acos{ 2}

The difference between these two equations is
ilusirated 1o Fioure 5,19, The sine version starts at
x =k i.e. the oscillating mass is at its equilibrium
pisition when = (0. The cosine version starts at

v = A, 50 (hat the mass is at 115 maximum
displacement when £ = 0.

MNote that, in calculations using these equations,
the guantity {2a#f) is in radians. Make sure that your
calculator is in radian mode for any calculation {see
Worked example 2). The presence of the x in the
equation should remund vou of this
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t = A aum {2

Vo ax = fzi'f).ﬁ

Worked example 2

A pendulum pscillates with frequency: 1.5 He

and amplitude 010 m. If it is passing through

its equilibrium position when 1= 0, write an
equation fo represent s displacement v in lerms
of amplitade 4, frequency fand time ¢ Determine
its displacement when = (.50%.

Step 1 Select the correct cquation: In this case,
the displacement 15 zera when £ = (), 5o we use the
sine fimm;

x © A sin{2xf7)

Step 1 Substitule values using the mformation
riven in the question: A = 0010m, f 1.5 He: So:

=0 EmZa =1 5

20 SR 3 0

Step 3 Tofind x when ¢ =1,50, substitute foe
arn] caleulate the answer:

¢ = 0 L0sin e 1.5 =050 =0.105m{4.713)

= —1}, |

Thizmeansthat the peadulum s at the exireme
end of its oscillation; the minus sign means that it
15 al the negative or lefi-hand end, assuming vou
have chosen to consider displacements to the nght
A5 POSITIvE.

{11 ¥our calcukation above went like this:
£ = 0] win 2y LS 05) = I sin{4.713)

= .25 10 m, then vour caleulator was sel Lo
work in degrees, nol radians.)
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Figure 5.19 These two graphs represent the same simple harmonic motion. The difference in starting positions is

related to the sine and cosime forms of the equation for x as a function of ¢




