learn basic concepls of physics through problem solving

Q- Q- A particle executes linear harmonic motion about the point x = 0. At t =0, it has a
displacement x = 0.37 cm and zero velocity. The frequency of oscillation is 0.25 Hz.
Determine

(@) The period (b) the angular frequency (c) the amplitude (d) the displacement at time t
(e) fthe velocity at time t (f) the maximum speed (g) the maximum acceleration (h) the
displacement att = 3.0 s, and (i) the speed att = 3.0 s.

The equation for the displacement x of a particle executing simple harmonic motion in a
straight line to and fro about its mean position, as a function of time t is given by

x=Asin(wt+¢,) e (1)

Where A is the amplitude (the maximum displacement of the particle during motion), o is
the angular frequency (the angular velocity of reference particle) and ¢o is the phase
constant or initial phase angle of the particleatt =10

Differentiating equation 1 with respect to t we will get the velocity v of the particle as a
function of time t as

V= % = Awcos(at + ¢, )

or v=Awcos(awt+¢,) = mmmemmemmecmeoee- (2)
Differentiating again we get acceleration of the particle as a function of time
dv .
== ~Aw’ sin(ot + ¢,)
or a=—-Aw’sin(wt+¢,) = e (3)

Now from our question at t = 0 the displacement is x = 0.37 cm and velocity v is zero
substituting these data in equations 1 and 2 we get

0.37 = Asin(@*0+¢,)
Gives Asingg = 0.37  mmmmmemmeeeee (4)

And 0= Awcos(@*0+g,)

Gives cos ¢g =0
or dbo=n/2  mmmmmmmme—eeeeee- (5)

Substituting in equation 4 we get
A sin n/2 =0.37
Or A=0.37cm  mmmmmmmmemeeeee o (6)

Hence the equation of motion of the particle is given by
x = (0.37cm) sin (ot + ©/2)  mmmmmmemmeeeeeeee- (7)

As the frequency n of oscillation is 0.25 Hz the angular frequency is given by
o=2r*n=27*0.25 :% rad/s

And hence the equations for displacement, velocity and acceleration of the particle as a
function of time can be rewritten as
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X = (O.37cm)sin(£t +£j
2 2

or X = (0.37cm)sin%(t +1) emmemeeeeeeeeeeeas (A)
V= (O.37cm)[§sljcos%(t +1) --------------------- (B)

2
and a:—(0.37cm)(%slj sin%(t+1) ---------------------- (c)

Now to the question

(a) The time period T is the time taken by the particle in one complete oscillation and the
frequency n is the number of oscillation per unit time means in one second hence both are

related as
T=1
n
As the frequency of the particle is 0.25 Hz hence the time period will be
R S
n 0.25

(b) The angular frequency is the angular velocity with which reference particle (imaginary)
make one complete revolution in one time period and hence given by

_2% 2% _ T _ 4 5qradls
T "4 2

(c) The amplitude is the maximum displacement of the particle from its mean position
during its motion and as the displacement is given by equation (A)

X = (0.37cm)sin%(t+1) _____________________ (A)

. T
x will be max when Slnz(t+1) will have its maximum value that is 1 and hence the

amplitude will be
A =0.37cm = 3.7¥103 m.

(d) The displacement at any time t is given by equation (A) hence
X = (0.37cm)sin%(t +1)
(e) The velocity of the particle as a function of time is given by equation (B) as

V= (0.37cm{§Sljcosg (t +1) --------------------- (B)

(f) The speed of the particle will be maximum when the value of cosine term in the
expression of velocity is maximum i.e. 1 hence

Vige = (0.37cm)(% slj =0.37*1.57 =0.581cm/s
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(g) The acceleration of the particle is given by the equation (C) as

2
a:—(0.37cm)(%s‘1] sin%(t+1) ---------------------- (c)

Hence the maximum acceleration is given by
2
A =—(0.37cm)(%slj — 0913 cm/s?

The magnitude of this acceleration is 0.913 cm/s’. The negative sign correspond to the
direction. Acceleration always points to the mean position.

(h) The displacement at any time is given by equation (A)
X = (0.37cm)sin%(t +1)

Hence at time t = 3.0 s the displacement of the particle is given by
x(3.0) = (0.37cm)sin %(3.0 +1.0) = (0.37cm)sin (27) =0

Thus the displacement of the particle at t =3 second is zero or the particle is at mean
position.

(I) The speed of the particle is given by equation (B)
V= (O.37cm)(%s‘ljcos%(t +1)
Henceatt=3.0s
v(3.0) = (O.37cm)[% sljcos%(3+1) - (0.37cm)(%sljcos(2ﬁ)

Or  v(3.0)=(0.37cm)(1.57s™)*1=0.581cm/s (the maximum)



