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

Consider a mass attached to a spring allowed to move on a frictionless surface. Analyze the system as
follows:

1) Draw a Free Body Diagram with a coordinate system. Let the positive direction be the
direction of the initial displacement.

2) Write Newton’s Second Law for the system. Substitute the Hook’s Law in for F. Be careful
with the minus signs.

2
3) Solve the resulting expression for the acceleration. Replace a with i—f— .
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If x(t)= Acos(wt + @) is the position of a Simple Harmonic Oscillator, derive expressions for the
velocity and acceleration of a Simple Harmonic Oscillator.

X(t) = Acos (ot + &)
vy = 5 = A[Acas(ot +4)]
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Oscillation — Set 1 4

If x|t)=Acos|wt+¢| is the position of a Simple Harmonic Oscillator, write expressions for the velocity
and acceleration of a Simple Harmonic Oscillator.

Yle) = ~whszm(wt +0)

7 71\ e i’r);/!{{jjg{f’j{ ?}
a(t) s . y

The figure to the right is the velocity of a SHO. Sketch the
position versus time plot

Is the particle stationary, moving towards -x, or moving towards +x when the particle is at:

Point A: Moving féowam’f —-x

Point B: M0V /by ‘g’f&‘if«"f’f*’fif tx
4

Is x=0, x>0, or x<0 when the particle is at:

Point A: //{/ < O
Point B: 7( < O

Is the particle's speed (the magnitude of it's velocity) increasing, decreasing, or constant when the
particle is at:

Point A: D(—’ (vreas .’q?‘é’

B 7
PointB: _L ncyeasrng.
4
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Oscillation — Set 2

The acceleration of a particle in Simple Harmonic Motion is plotted in the figure below.

1) Which point(s) represent the particle's acceleration when it is at x = ~Xa?
Point (2

2) Which point(s) represent the particle's acceleration when it is at X = +Xpax?
Pornt (6)
2) At point 4, is the velocity of the particle positive, negative, or zero?

10*9:;:%, tve (et af cer a ﬁ&’{/r‘ﬂ/ A /ﬂJ;ff;/Q ::?f-s,gf)

3) At point 5, what is the particle's position?
Ayx=0
B)x:—xmax s ,‘\.— N {/‘ . Y
C)x =+ X(t) = Acos(wt <4)

D) 0 <x < Hmar {,
W) ¥ < Y DVEIVI Y B
E) Xmar <X <0 / J ) A b V.74 { bt {* )g

a) = ~w*Acos (at 10)
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Oscillation — Set 1

Below is a position versus time graph of a mass on a spring. What can you say about the velocity, net
force, and acceleration at the time indicated by the dotted line?

Velocity: Positive, Negative, or zero: Z cro

- i . h &
Force: Positive, Negative, or zero: Pos/tive

Acceleration: Positive, Negative, or zero: PO X {" %S

O GHEEEREREE SR EEERRREER

If the amplitude of a simple harmonic oscillator is doubled, the maximum speed of the oscillator:

g P ](1
A) doubles | 4 T o A
B) halves

C) stays the same

If the amplitude of a simple harmonic oscillator is doubled, the period of the oscillations:

A) doubles ‘ |
io?f fkojé/-f s %jé’/z" Pw;fﬁf{f- Vi

B) halves /

T Anpli Code.

k C) stays the same
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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.

x (cm) /
[
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waor dis ,ﬁ;‘f:efe ment
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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?

20) =Acos(et + )
5 =10 £0.§(0 o {)J) :7 (oj(p =

0 =coc ()]
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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,

e i S

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"

i r——
7’(%/&') mJ thore dre A7 //.«:,) <4 {f ~—  JI7T7T

\ 7 7 (/9) el k T o 1
(%) T = %{/z/f" = 2%

h) Good! Now calculate the numerical value of .

—

Cl)cgg’r’ ’Yr?/

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
i Y A Y
plen cos =l g=0)f - L - 277/ /
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Oscillation — Set 1 6

You are given the position and velocity of a simple harmonic oscillator (SHO) at some time #:
x(t]=x, and vlt|=v, .

Starting with the equations for position and velocity:
x|t)=Acos|wt+gp| , vlt|=—wdsin|wt+g]
a) find an expression for the amplitude, 4, of a Simple Harmonic Oscillator in terms of x, and vy.

() Square both eqyationd:
\ T T YA
= Neos’(wt v0) , Y= /A ST (BT 4)

@ wa'dpe vd eq. Ly &g
%a/; - A st (wlHb)

G A flen g ettor
'a/’
/Y’J_;q/;h/dr(gj(wf f@) AETA/{Jifd/}“’}T#’Z/— ..._/4(5 //(L\)t’#;jﬁ)qL
o cos’(~ %445))
\_>/A [7( e:,«* '...,’ < _s"

b) ﬁrﬁl’ an expressummge ¢, of a Simple Harmonic Oscillator in terms of x, and vy.

Dr'm’o/e V., by xo

£y

~0 N T (0t 44 Y
'?C

(ﬂf/w{/(p‘ ‘éﬁ/ﬂ(Q)ﬁ ’/f)

/

= d) [{ ar (ﬂ«)ﬁ’y / (DT
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