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Simple Harmonic Motion

Physics EPI-CAT 1

Simple Harmonic Motion (SHM)

AIM

The purpose of my mvestigation is to:

1. Determine the spring constants of a number of springs of the same type.

' m . - S
2. To verify the formula{7 =27 7; . relating the period. 7. of oscillation of a mass. m. on the

end of a spring of constant, &.

3. To confirm the relationship of the displacement. x. of an oscillating spring at time. £. to vary as
a function of amplitude. A. and frequency. f. according to the formula {X :@_2_7_7_}7 thus
define the motion as the natural physical phenomenon. Simple Harmonic Motion (SHM).

4. Investigate the motion as a Simple Harmonic Motion to confirm that (1@ = -;/a‘l

where  m=mass
a=acceleration
k=spring constant
x=displacement
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Simple Harmonic Motion

THEORY

The spring constant. measured in Nm-! determines its ability to be stretched. 1t is the force
required for cach unit of extension, therefore:

F .. . : . .
k = — (where I7is the force, & is the spring constant. and x is the extension )
X

The valuc of & is obtained by plotting the extensions of cach spring when the force is varied by
altering the mass. The gradicent of the force-extension graph is cqual to the spring constant.

example:

Force-Extension

force F(n)

extension x(m)
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Simple Harmonic Motion

The period of onc oscillation is defined as a complete displacement of the spring from any
position. through botli its extreme positions and then returning to its original position. It is
dependent on the spring constant and the mass of the system.

Mwﬂ(?w%l/lblb

S edAnane, //)M(/«\"m

s Ve /)W\//(}U/n,

CRUUA (T M‘//zwmm /mw'/m n

In order to vary the nct spring constant, it is possible to connect springs of similar spring constant
in different manners,

cg 36Nm! 24Nnr!

12Nnr! O6Nnrl
3 springs 2 springs

4Nm!
1 spring

2 springs 3 springs

SYTTYIYIS

[t is necessary to note that the period varies independently of the amplitude of the spring's

oscillation. Thercfore the distance the spring 1s extended from its mean position has no bearing on
the period.
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Simple Harmomic Motion

If a spring is moving with simple harmonic motion. the acceleration of the system is
proportional to its displacement from the mean position. If its displacement from its mean position
is plotted as a function of time a sinusoidal graph with result. The period of this graph cquals the
period of one oscillation of the spring and distance of the maximum and minimum points from the

mean position are equivalent to the amplitude of oscillation.

mw oscilladion

{
/N vf)"//w,rm proniinm,
/

. MO, by ‘.[Zm«n,
at time ¢ /

/ .
vrdenne, /)w’)((u‘vm

The displacement, x, at any time, t. is given by

X = Asin?2 aft

7
time 1(s)
I, . . [
Ductol|f = "1- it can be said that [x = 4 SmZ/r?‘
5
t b
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Simple Harmonic Motion

The average velocity of the spring at any time. t. can be found by:

X, — X
V[ e ,_L.*_L
=1,
Xy — X,
\)2 = 372
ty — 1,

The average acceleration of the spring between v, and vy at time, t, is:

v, — v
a ==
At

where At is equal to the time clapse occurring between vy and v,

i

From this it is possible to prove the restoring force. N. at a particular time. t. to be:

[ = ma = — k]
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METHOD AND RESULTS

Simple Harmonic Motion

Weights. that were given to be 50g. were weighed on an clectronic balance to determine the

uncertainty in the actual masscs.

weight

mass m(kg)

A

0.050117

0.050065

0.049995

0.052250

0.049993

>l Evsh Aw i R Heo)

0.050169

o

0.050044

—
—_—

(.049908

0.050139

et | =

0.050144

0.0520063

NB: K is the weight that supports the other welghts,

These results were obtained directly from the instrument before being rounded off

The uncertainty of each additional weight was found to be 0.050£0.002kg.

A spring with a mass was then attached to a

retort stand and its extension recorded by

the ruler beside it. This was repeated for

cach additional mass. and the extension
from the original position recorded.
Difficulties:  Attempting to determine the

spring constants using a spring balance

along a bench was inaccurate. By allowing

spring to extend freely, thus measuring
extension due to varied mass this was

overcome. The parallax crror. as the

spring and mass were not in contact with
the ruler, was combated via connecting a
metal marker to the base of the mass. and

taking the reading with cye level horizontal

to the marker.
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Simple Harmonic Motion

There was an uncertainty of £0.002m in reading the spring extension.

The acceleration of the system duc to gravity was assumed to be 9.8ms-! with no uncertainty as it

is an accurately known physical quantity.

spring |extension x(m)|force F(N) spring lextension x(m)|force F(N)

A 0.000 0.51 C 0.000 (.51
0.000 1.0 (.000 1.0
0.004 1.5 0.005 1.5
0.032 2.0 0.037 2.0
0.068 2.5 0.072 25
0.104 3.0 0. 108 3.0
0. 140 35 0.140 35
0.175 39 0.180 39

B 0.000 0.51 D 0.000 0.51
0.002 1.0 0.012 1.0
0.023 1.5 0.045 1.5
0.059 2.0 0.082 2.0
0.095 2.5 0.118 2.5
0.130 3.0 0.153 3.0
0.166 35 0.190 35
0.202 39

"The above figures have been rounded off to comply with the significant figurcs in the 6%

uncertainty of cach valuc.

Refer to Graph 1 for an example of the relationship between force and extension found in the

springs.

The gradient of the force (F)-extension (x) graph gives the spring constant.

AR
" Ax

K

Note the uncertainty inx: Ax;=0.002m  Ax,=0.002m

Hence the uncertainty in k- —

Ae, = x) _ 2(0.002) 100

, =X

1 0.18
=2%
AP A
Ia X
= 6%

1

The spring constant of these springs was found to be 14+1 O0Nm-!.
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Simple Harmonic Motion

, , fm S . .
The relationship [T = 2 z can be divided into two parts in order to verify.

The relationship between the period, T(s). of one
oscillation and Ymass. ny(kg). on the end of
the spring can be tested when the spring
constant. k. remamns unchanged:
Hanging from a rctort stand the system was
extended past its mean position and released.
allowing if to oscillate freely. Repeated three

times for cach of cight different masscs.

|
I
|

Difficulties: The time for onc oscillation was inaccurate, thus overcome by obtaining a large

period with a small spring constant. by connccting two springs end-to-end. The time was

recorded for 10 oscillations and then divided by 10 to obtain the time for onc oscillation. The

smallest mass used was 0.150 kg as any mass smaller than this did not exert cnough force to

extend the spring from its original position, as possible to sce from the Force-Extension graphs

used to measure spring constants. The small masses therefore effected a period too short to

accurately record.

When the period T(s) was plotted against the mass m(kg). a curve was obtained. However. when

the period T(s) was plotted against Vm(kg). as specificd in the original formula. a straight line

resulted.
Vmass m(kg) | period T(s)
().3873 0.7023
(.4472 1.1180
0.5000 1.2240
(.5477 1.3510
0.5916 1.4513
0.6325 1.5500
0.6708 1.6430
0.7071 1.7380

The above figures have been rounded off in the uncertainty calculations.

Graph 2 displays the relationship between Vmass (kg) and period.

tsi
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Simple Harmonic Motion

The relationship between the period. T(s). and the spring constant. k(Nmr-1). can be tested when the

mass. m(kg) remains constant: T o \/7; . A similur method as when testing the relationship

between period and mass was applicd. However. spring constants were varied rather than

masscs.

spring constant 42/3 7 4 28 42

k(Nm™)
preparation

T I N T

5NN

. S A o .
As specified in the original formula period T(s) against \[ E (Nm-') was plotted and a straight line

obtained.
VI (Nm) | period T(s)
0.1543 0.6263
0.1890 0.8563
0.2673 1.2153
0.3780 1.7370
0.4629 2.1233

The above figures have been rounded off in the uncertainty calculations.

Graph 3 displays the relationship between VI/k (Nm!) and period.

12
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Nimple Harmonic Motion

To determine the displacement x{(i) of a spring from its mean position during one oscillation. it
was nceessary to measure the extension at small time intervals during one oscillation.

Difficulties: Inaccuracy m reading the displacement of the spring as it moved too fast was
overcome by taking a vidco of the spring in oscillation. 'The first video was blurred causing
difficulty in reading the displacement of the spring. Fhus the video was repeated. however this
time using a high resolution video tape. which was also slowed down, to provide a clearer
image.. To further slow down the system and allow for greater accuracy i reading results. the
period of oscillation was increased by using a small spring constant. jomning two springs cnd-
to-end. and a large mass of 0.450kg. The speed at the mean position was also reduced through
reduction of the amplitude of oscillation, by a smaller extension of the spring to conunence its
motion. The video recorder had a built-in quartz clock which was assumed to be accurate with

no uncertainty. Parallax error was inevitable as the camcra was required to remain stable.

time (s) displacement x{m) time (s} displacement x{m)
0.000 0.000 0.840 -0.004
0.060 0.026 0.900 -0.020
0.120 0.044 0.960 -0.043
0.180 0.056 1.020 -0.056
0.240 0.067 1.080 -0.066
0.300 0.074 1.140 -0.075
0.360 0.079 1.200 -0.081
0.420 0.082 1.260 -0.082
0.480 0.079 1.320 -0.078
0.540 0.070 1.380 -0.073
0.600 0.060 1.440 -0.063
0.660 0.046 1.500 -0.047
0.720 0.033 1.560 -0.034
0.780 0.015 1.620 -0.016

1.680 0.000

Uncertainty in displacement. duc to parallax error and a blurry image. was found to be £0.002m.
Graph 4 displays the relationship between time and displacement of the spring from its mean
position during one period of oscillation.

the change in displacement

The average velocity of the spring can be found by . To find the

the change in time

the change in velocity

average acceleration. ™ o olpsed time . 1t 1s necessary to find the velocity at two points

on the graph.

_ 0.067 - 0.056 ~0.074 - 0.067
" 0,240 - 0.180 " 70,300 - 0.240

=0.183ms ™ =0.117ms™!
time at v, = 0.210s time at v, = 0.270s

14
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Simple Harmonic Motion

Therefore average acceleration at that particular tune is:

_ 0.117-0.183
0.060
=—1.100ms *

To confirm the relationship between the displacement of the spring from the mean position as a

. I ) . . .
function of time to be |x = Asin?2 7I7 data obtainced from the video was substituted into the

formula.

The following arc examples at particular tumes, ¢

0.480 x:0.082sin27r1—'%—0
1.680 1.680

=0.790m =-0.073m

x=0.082sin27

Thus the mass. m. at time, £, was 0.450kg. the acceleration. a. was -1.1ms2. the spring constant. A,

was 7Nm ! and the displacement from the spring from its mean position. x. was (0.067m.

ma = 0.450 x -1.1 —kx = =7 % 0.067
=—-0.495N =-0.469N

16
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Simple Harmonic Motion

UNCERTAINTY CALCULATIONS

1. Error boxes on the Force-Extension graph (Graplh 1) are £4% for the force and £2% for the

extension (as previously explained). Therefore the uncertainty in spring constant is +6%.

2. For T:27r\/E
k

AT 1 é\)ﬂ 1 Ak

T 2w 2k
— 2%+ 3%

=5%

The uncertainty in timing is negligible as 10 oscillations were timed. thus agreement is

m . . - <
expected between [T = 2 7, ’—k— and dircct timing within £5%. Graph 2 & 3.

. / . . ‘ :
3. For|x= A4sin2 7[7 . due to blurring of image. some parallax error on video and reading

uncertainty — ~ 4% of each value of x, displayed by the error bars on Graph 4. The timing
X

is assumed to be accurate as a quartz clock built-in to the video recorder was used.

4 A"—14——13(1:4‘%)+2% (M 5 Avy M»’ré)(—':6%-r-2%
Coom a a x k X

=6% = 8%

Hence agreement with the formula, Ima =—kx l within an uncertainty of 14%.

17
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Simple Harmonic Motion

CONCLUSION"

From this mvestigation of Simple Harmonic Motion it is possible to conclude that:

I The spring constants of the springs uscd were found to be 14+1.0 Nm.

!

L . . — . . m
2. Within the limit of uncertainty 7 oc ¥/m and T o \/,\I therefore. the formula [T = 271 "

correctly relates the period, 7' of oscillation of a mass. m. on the end of a spring of constant. k.

3. The motion of the spring in oscillation is defined as Simple Harmonic Motion as. within the

limit of uncertainty in x. its displacement varies as the formula specifies. [x = Asin2 7—|,

4. The relationship was demonstrated to be correct at a single point. x. on the graph

within the imits of uncertainty.

ANALYSIS

The investigation into the dynamics of a spring oscillating as a natural physical phenomenon.
"Simple Harmonic Motion", proceeded suceessfully. achicving all aims originally set out. The
accuracy of parts of the experiment could possibly be improved. for example videoing the
investigation of the relationship between the period. T, of oscillation and the mass. m. on the

end of the spring of constant k.
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Simple Harmonic Motion
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