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Investigation 4-1 " Circular Orbits j

Purpose: To investigate factors involved in the uniform circular motion
of a mass revolving at the end of a string.

Introduction

nylon
n o «—  thread .
glass Some aspects of circular motion can be
tube studied using the simple equipment shown
in Figure 4.9. A small mass m (a bundle _
m = 3 washers of 3 washers) 'orbits' on the end of a string. |

A large mass M experiences a force of
gravity Mg. In this Investigation, M is

V[V chosen to be a bundle of 9 identical
washers, so that M= 3m.
D M = 9 washers . .
% The glass tube is smoothly polished at
the top, and strong, smooth nylon thread i

joins the two masses. In effect, the edge of
Figure 4.9 the tube acts like a pulley, changing the
direction of the tension force in the string

without changing its magnitude.

When the small mass m is made to 'orbit' around the top end of the glass tube,
mass M remains static, so the tension in the string along its length L is equal to the

downward force of gravity on M, which is Mg.

The radius of the orbit is not L, however, but R (the horizontal distance from mto
the vertical glass tube). See Figure 4.10.

When the small mass m is made
to 'orbit' the top of the glass tube, We
will assume the upward force on the
stationary mass M has a magnitude of
Mg. The reaction force exerted on M
through the string has the same
magnitude (Mg) but is exerted in the
......................... R @ opposite direction. In Figure 4.11,

m this tension force is labelled T = Mg |
Consider the two components of T. The |
vertical component Fy , balances the

downward force of gravity on m,S9

- Fy =mg.The horizontal component of
T is the centripetal force, so |
i Fx = Fc_ ‘l
Figure 4.10
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Figure 4.11
Procedure

1. Prepare the apparatus, using 3 identical washers for the orbiting mass and

9 washers for the large mass. Predict what the angle 6 between the thread and the
vertical glass tube will be, using the fact that

F
: Y _mg m
cosine 8 = T Mg =M-

2. In this investigation, you will vary L and measure the period of revolution T for each
length L. Measure from the centre of gravity of the mass m along the string, and
mark off distances of 20 cm, 40 cm, 60 cm, 80 cm and 100 cm with chalk or a small
dab of correction fluid.

3. Hold the glass tube vertically in your hand, and swing mass m until it achieves a
stable orbit such that length L is 20.0 cm. While you keep the orbiting mass
revolving, have your partner make the following measurements (as best he can, for

it will be difficult!):

(@) the radius of the orbit, A. Your partner will have to hold a metre stick as near to
the orbiting mass as he dares (to avoid decapitation) and estimate R as closely

as possible;

(b) the period of revolution, T. Your partner will time how long the mass takes to
make ten revolutions, then divide the total time by 10.

4. Repeat Procedure 3 for lengths of 40.0 cm, 60.0 cm, 80.0 cm and 100.0 cm.
Record all your measurements in a table like Table 1.

5. Calculate the ratio of A/L . From Figure 4.10 you can see that this ratio equals
sine 6. Calculate 6 knowing sine 6.
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Table 1 Data for Investigation 6

ius of Period of sin 6 ] Y

Lsetr:i%tg T Rgg;:*t‘s g Revolution, = . - 0
fem] fem) S : |
40.0 _ T

—60.0 : B

~ 80.0 __ Iy
100.0 f‘

6. Plot a graph with T on the Y-axis (since it is the

axis (since it is the independent variable ).

7. Examine the shape of your graph of T vs L » and make an educated guess at what
the power law might be. For example, if you think the power law is m

ost likely
T"= k-L, then plot a graph of T"vs L. If you choose the correct valye of n, your
graph should be a straight line passing through (0,0).

8. Determine the slope of your final, strai

ght-line graph, and ex
units. Then write

Press it in appropriate
an equation for your straigh

t line, incorporating the slope.

dependent variable) and [ op l;; X- |

8. You can use the results of your experiment to do a check on tfle formula for
centripetal force.,
2 2
. m4n“R
Since F.= Tnz , therefore, T2 = il

you that R = [sin 8, and Figure 4.11
= Mg sin @. Therefore, we can write

T2 _ Man’Lsing _ m4n®
Mgsing Mg

Thus, the theoretical

1,.:2
slope of a graph of T2 vs L should L M
g

I

Concluding Questiong
1. Compare the ay
6 predicteg using cos;

Wo resyltgy
- According tq

length, L2 write a

3. What js the t

heor
Question 29 Whaeitsgal :alue o your slo

and the theoretical Slope? Percent diff

r "
theireﬁects_ Ces of €rror in thig exper

N80 =m/M. What is the percent difference between th

Pe for the graph in COnC!Ud"ﬁw slop®
erence between your graph's ac

, reduc®
iment and how you might be able 10
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i
erage valug of angle 6 calculateq from sin @ = A/L with the valué®
g Cosi



