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Part One in Chapter seven
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1 hertz =1 Hz =1 oscillation per second = 1s~1
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The periodic time is defined as the time required for the particle to go
through one cycle 27 ofits motion.
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The frequency of the motion

Another important physical quantity to describe the periodic motion 1s
the frequency. The frequency f'is the inverse of the periodic time.

1 0}

f=E=E

The unit of frequency is cycles/sec which is known as hertz (Hz)
The angular frequency
We can relate the angular @ with the frequency and periodic time.
2n
w=2nf=—
r

The unit of @ 1s rad/sec.




The velocity and acceleration of the periodic motion

By differentiating the displacement equation with respect to time we
get the equation of velocity,

v=% _ _pdsin(i+95)
dt

By differentiating the velocity equation with respect to time we get the
equation of acceleration,

dv d*x
d=—= 5
dt drt

x= Acos(wi+5)

—w Acos(wt +8)
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The maximum velocity and the maximum acceleration

From the last equations the maximum is given by

v =mAd

max
2
a, =w A

Smce the maximum value for the cosine or the sine functions 1s
between +1




EXAMPLE 1:

The displacement of a body is given by the expression
x = (8cm)cos(2t + 7 /3)

where x is in ¢cm and 7 in second. Calculate (a) the velocity and
acceleration at r=m/2s, (b) the maximum speed and the earliest

time (~0) at which the particle has this speed, and (c¢) the
maximum acceleration and the earliest time (~0) at which the
particle has this acceleration.
SOLUTAION:
(a) v=—(16cm/s)sin(2t+ x/3) at t=7/2,v=13.9cm/s
a=—-(32cm/s*)cos(2t +n/3) at t=n/2, a = 16 cm/s’

(b) v, =w®A=16cm/s, This occurs when f = % sin ' (1) —ﬂr/3]= 0.262s

(©) a_. =wm*A=32cn/s’, This occurs when ¢ = %[cos Y(=1)—r/3]= 1.05s




Mass attached to a spring

When a mass m is attached to a spring, the mass is free to move on a
horizontal frictionless surface with simple harmonic motion. To prove
that we need to know a bout the restoring force of the spring.
Suppose the mass is stretched by small displacement x from the
equilibrium position at x=0. The spring will exert a force on the mass
to bring it back to x=0, this called restoring force and can be found
from Hook’s law,

F =—kx

where k is the spring constant
and has unit (N/m), the negative
sine indicates that the restoring
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force is always in opposite i
direction to the displacement x. 4 !——’l
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Applying Newton’s second law ;
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Compare these equations

We conclude that,

Adagsy 48 55




-

k
®w =—
m

Therelore,
T=2—H=ZE\/E
0] k
1 1 |k
I =T 2 \m

3330 sl el of LS Jadh o 30 il e 5 anadl A e (laaing 03 i) 5 oy sall (a3l (e SIS o Laadls
A 30 Bk By Jay g ALK B3y 5




Example 2:

A Skg mass attached to a spring of force constant 8N/m vibrates
with simple harmonic motion with amplitude of 10 cm. Calculate

(a) the maximum value of its speed and acceleration, (b) the speed
and acceleration when the mass is at x=6cm from the equilibrium
position, and (¢) the time it takes the mass to move from x=0 to
x=8cun.

Solution:
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@ w=Eo B

Therefore the position is given by x = (10cm) sin (47). From this we

find that
v = (40cm/s) cos (41) Venax = 40cm/s
a = - (160cm/s®) sin (47) Amax = 160cm/s’
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where x=6cm, =0.161s and we find ﬂ}ﬁﬁﬂmmﬁ“ﬁﬁ

v = (40cm/s) cos (4x0.161) = 32cm/s
a = - (160cm/s”) sin (4x0.161) = -96¢cm/s’
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(c) sing 2 sin [10]

when x=0, =0 and when x=8, 1=0.232s. Therefore,
At=0.232s
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