Oscillation — Set 1

1

Each row in the table below represents a snapshot of a mass attached to a spring. Assume that the mass
starts from rest in the first row. In the second row, it is passing through x=0. In the third row, it has
reached its maximum extension. In the fifth row, it has reached its maximum compression. In the cells
below, mark an arrow indicating the direction of the associated force, acceleration, velocity, and position
vectors for each row. If the magnitude is zero, put a zero in the cell.
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Oscillation — Set 1 2

The general form of the differential equation describing a simple harmonic oscillator is:

The function x(¢) that satisfies the above equation is:
x(t)= Acos( ot + qo)

where A, w, and ¢ are constants.

a) Derive expressions for the velocity and acceleration of a simple harmonic oscillator.
HINT: What are the definitions of velocity and acceleration?
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b) Does our equation for x(t) actually satisfy the differential equation?

Yos. After & /@V-ymé,u/ﬁ?;, e get (t) back
ar well as - ()*

¢) Why can't we apply the kinematics equations to a simple harmonic oscillator?

Meicbher £ vror A 5 cons€agnt,
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Oscillation — Set 1 3

The figure below is a position versus time graph of a particle in simple harmonic motion. Assume that its
position as a function of time is given by

x(t) = Acos|wt + ®)
where A, W and @ are constants.
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a) What is the maximum displacement (amplitude) of the particle?

(Ocim

b) Which constant in the above equation gives the maximum displacement, or amplitude, of the
oscillations? (HINT: What's the maximum possible value of cosine?)

marx Value ofF (asine 15+

mec: Aj_ = @

c) What is the value x(0) (ie. x when t = 0)? o

at t=¢, x<5,. seo [x(o)=5

d) Given your answer to part ¢, solve x(0) = Acos(wt +¢) for ¢ (the phase constant) when t = 0?
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Oscillation — Set 1 4

e) What is the period (T) of the oscillations?
Period is the ¢time reg uived For ong cycle .

Accord’rﬂ% to the fﬂfﬁ/ﬂ 7 ¥ v,
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f) What are the units of w? (HINT: What are the units of the input to the cosine function?)
(O0Sihe +afer on a//e (let s yre vodiany)
S0 Wt +9) mast haye units g€ radas,
2, @_qg’f be rdZ |
g) What is the mathematical relationship between w and T"
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h) Good! Now calculate the numerical value of .
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d) What is the maximum velocity of the particle?
(HINT: What's the maximum possible value of sine?)

Vz-whsr ot 14)

winen ST/ = j V= 0\)%[ i/& i /

e) What is the maximum acceleration of the particle?
(HINT: What's the maximum possible value of cosine?)

g = -t hcos(7t +4) | y
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Oscillation — Set 1 5

You.are given the position and velocity of a simple harmonic oscillator (SHO) at some time ¢:
xt) = x; and v(t) = v,

a) Starting with the equations for position and velocity that you derived in question 2, find an expression
for the amplitude, A, of a SHO.

At timet A=, ad V=7,
O 7, =Acos(wt v 0) |, Vi -whai (e )
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b) Starting with the equations for posmon and velocity that you derived in question 2, find an
expression for the phase angle, @, of a SHO.

K = /l,cog(&)g 142) ) Y = - w/ff.f;?/z/(wé f?)
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Oscillation — Set 1 4

A block with a mass of m = 2.00 kg is attached to a spring with a spring constant k = 100 N/m. When t
= 1.00 s, the position and velocity of the block are x(1s) = 0.129 m and v(1s) = 3.415 m/s.

a) Find the angular frequency, w, of the oscillator.
b) Find the phase constant.
¢) Find the amplitude

d) What was the position of the block at t = 0.00 s?

Gtep () — Use MSL to Find the oscillator Frezg,f@mcy,
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Now, to get the oscill atar Frequency e can /9/14% our

genem/ Solution into the dbove equation.

Geneval solution: X@)=Acos(wt + dP)

: k
= @ [hcos(ot + §)] = - Acos(t +o)
= —whkcostotrg) = % ACoS < 0)
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Oscillat jon Set 1, P¥ continved

gﬁcp@ — Use Physics to Lind the initral cand ) ¢rous

In this case, tley're %/‘l/em ‘n the problem Jtatement

teyre glven i xhe prodlen
ae t=1.05, [Z201) = 004, [rl) =3.415 v/

S_fe__/’@. — Use +4he f#@%@nerzx/ cofution to solve ¢he
rest of t¢le problem

Geneval Solution :
x(t) = Acos(it + &)
) = -—L\)ASIA/(O,)(; +0)

Apely our initial conditions

xX() = Acos(w()+ ¢)
2(0) = - ASIn () + 0)

Now bWe can 61/‘0/'0/6, to e’//mihm‘e A am&/ fo/ya Kor ¢

20) ~eMszv(010) . ) e
x() ~ Xcos (‘\)7‘47)/ x() ) C(ﬂ(a)f(P)

(1)
= éan(w +$) - -&JZ(')
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(= 3415 } ]
= 0= tan' (o) = 707 =&&i@f’f’;ﬁﬁz/




Oscillations Se¢ 1 , P¥ continued

Pluf our answer For @ back into the 7(1) €9 and
30/(/@ /COl’ /4 "

xX() = Acos(w+¢)
Xy
)&4’ cos(e> +4) /

)A O/Qﬂ “057‘4/

Finally | Put it all 140/@{40/ to Find x (o)
x(o) 0 5cos (w(o) g)gg)




Oscillation — Set 1

A block with a mass of m; = 10 kg is moving to the right with a velocity Vi. It collides and sticks to a
block with a mass of m, = 15 kg. The second mass is attached to a spring with spring constant k=3 N/m.

Before the collision, the spring is at rest in it's equilibrium position.

¢
a) What is the frequency, #; of the resulting oscillator after the collision?
b) Assuming that the moment of collision is t=0, find the phase constant of the oscillator?
c) If the resulting amplitude of the oscillator is A = 3 m, what was the initial velocity of m;?

(tf’p@ Use NSL *o £ind &, ¢he oscill gtor Areg uency
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Ogci//aé/‘om Problems Set 1, PS contibbec]

jfcf@ — Use P"xzflfs to And Lhe m/era/ C””//ﬁ/ﬂl/lj

P

let: £= 0 be the wmoment OF coll 15701
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Ciep(3) — Use Lhe %emem[ solution of a SHO to <ol ve
the problem.

Part, b asks  For the phase constant,
Lets FAivd 1t

Jnngnc)m/
%(t) = Acos (@t + 0)
Yt) = _pAsTH (L€ %(t))
= 0= A(/oj((p) = (05@):()

True when 0= /'7)\ ) %
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O seillation Broblemy Set 1, P4 contraued
But we peedd  V(0) to be peosii e
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