AP PHYSICS C: MECHANICS « EXERCISE SHEET

7.3 Representing and Analyzing
SHM
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Objective

Build the skills to answer exam questions on representing and analyzing SHM.
You must be able to:

o use the position equation x(t) = Acos(wt + ¢) with amplitude A and phase

Y
o find the maximum speed vy,,, = Aw (at equilibrium)

o find the maximum acceleration a,,., = Aw? (at the extremes)
« state that displacement and acceleration are out of phase

1 Key knowledge and worked examples

Study these first. Each one shows the method for a question type used later — follow the
steps and you can do the Practice and Exam-style questions yourself.

B The position equation
z(t) = Acos(wt + ).

A is the amplitude (maximum displacement) and ¢ the phase (starting point).

B Maximum speed and acceleration

Differentiating gives

Umaz = Aw (at equilibrium), Umaz = Aw? (at the extremes).

B Qut of step

Speed is greatest at the middle, where the displacement and acceleration are zero;
acceleration is greatest at the ends, where the speed is zero.

2 Practice

Now apply the methods above.

2.1 An oscillator has A = 0.2 m and w = 4 rad s~'. Find its maximum speed.

2.2 For the same oscillator, find the maximum acceleration.

2.3 Where in the motion is the speed greatest?

2.4 In z = Acos(wt + ¢), what does A represent?

3 Exam-style questions

3.1 In SHM, the maximum speed occurs at the

[j A extremes
B equilibrium position

C turning points
D it is constant

3.2 The maximum acceleration in SHM equals
[j A Aw

B Aw?

C Ajw

D w?/A



3.3 An oscillator has A = 0.05 m and w = 10 rad s L.
(a) Find the maximum speed.

(b) Find the maximum acceleration.

3.4 A mass in SHM starts from rest at its far extreme.

(a) State whether to model it with cosine or sine (phase).

(b) State where its acceleration is largest.

(1]
(1]




Solutions

Each answer shows the steps, then the result.

2.1

o Upar = Aw=02x4=08ms?
2.2

o Qpaz = Aw? =0.2x16=3.2m s 2
2.3

¢ At the equilibrium position

2.4

o The amplitude (the maximum displacement)
31B

e maximum speed is at equilibrium
3.2B

o Qae = Aw?

3.3

(a)

e Unae =0.05x10=05ms™!

(b)

o Umae = 0.05 x 100 =5 m s~2

3.4

(a)

o Cosine, with ¢ =0

(b)

e At the extremes




