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Name:

Tautochrone:
Quantitative Exhibit Activity

Materials: Measuring Tape, Stopwatch & Calculator.
v' String and a meter stick can be used in place of the measuring tape.

Before taking any measurements, interact with this exhibit. With the metal release gate
resting on the top of the tracks, put a golf ball behind the gate at the top of one of the
curved tracks and at the top of the straight track. Predict which ball will win the race.
What physical reasons are behind your prediction?

My predicted winner: Straight track Curved track

Reasons:

Using the tape measure, determine the length of each track. Be careful to make sure that
the tape lies flat on each track (special attention should be paid to measuring the length of
the curved track). Express your measurements in meters.

Length of straight track: m

Length of curved track: m

Intuition suggests that the less distance a ball has to travel, the more likely a ball is to win
the race. Based on the lengths of the track, was the track length the determining factor in
which ball won the race?

Yes No
It is also intuitive that the ball that is moving faster at the end of the race will be the

winner. Use energy conservation concepts to calculate the speed of each ball at the end
of the race.



Potential and Kinetic Energy:

e Potential energy (U) is the energy stored in a mass when elevated above a
reference height.

e Kinetic energy (K) is the result of converting potential energy into the speed (v)
of the mass.

Conservation of energy states that the kinetic energy at the end of the race will be equal
to the potential energy at the beginning of the race:

U=K
1
mgh = =mv?
g 2
vV =4/2gh

Where m is the mass of the balls (note that the mass cancels out and therefore doesn’t
matter), g is the acceleration of gravity (g = 9.8 m/s?), and h is the height of the starting
point of the balls above the ending point of the track.

Measure the starting height of both tracks and the ending heights:

Starting height: m
Ending height: m
Net height (starting-ending): m

Since there isn’t a difference in the starting or ending heights of either track, then we
expect that the speed of each ball when it ends the race will be the same!

Calculate the speed of the balls when they end the race (make sure to use the net height):



V= m

So, it is obvious that it isn’t the ending speed that determined the outcome of the race.
What really matters must then be how and when each ball came to that speed. To begin
to investigate this, we will calculate the average speed ( v) of the balls on each track.
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We already have the length measurement of each track. Now, we will need to time how
long it takes the ball to follow each track. Since the tracks give a close race, we will take
several timings on each track and average them together:

Track: Straight Curved

Trial 1:

sec sec
Trial 2:

sec sec
Trial 3:

sec sec
Average time:

sec sec

Using the average time for each track, calculate the average speed of a ball on each track
(make sure to use the right length and time for each track):

Straight track:

m/s
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Curved track:

m/s
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We now see that the track with the highest average speed is the track that wins the race.
This implies that, while the balls end the race with the same speed, they do not come into
that speed in the same way.

The average rate of change of speed is measured by the average acceleration:

Where Venq IS the ending speed, and Vst IS the starting speed (which is zero since the
balls start from rest). Calculate the average acceleration for each track:

Straight track:

m/s
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Curved track:

a= m/s?

Again, we see that the ball with the greatest average acceleration is the one who wins the
race.

SUMMARY & CONCLUSIONS

The ball rolling down the curved track wins the race even though the curved track is
longer than the straight track and the speed of both balls is the same at the end of the race.
This is because the acceleration that each ball undergoes is not the same — the curved
track ball accumulates most of its speed earlier in the race while the straight track ball
accumulates its speed evenly through the course. Since gravity is the force that is
accelerating the balls and pulls the balls towards the center of the Earth, the part of the
course that is steepest represents the greatest acceleration.



CHECK YOUR WORK

This page is not here for you to cheat, but for you to do a self-evaluation of your work
AFTER you’ve completed this activity. After all, if your measurements are off, so will
your calculations! N.B. All measurements are approximate.

S/W G0'S
9] PAAIND 8y UO |[Bg 8y} JO UOITRI3|92. abedany
S/W GC'Y
:Yoray 1ybreais ayp uo ||eg sy JO UOIIRIB|82Ie abedany
S/W €9°¢
9] PAAIND 8y} UO ||eg 8y} JO paads abelsny
S/w /6'T
oeay ybredis ayl uo |jeq ayl Jo paads abesany
S 8760
o] paAINnd ay) 819|dwod 0} ||eq J0j awil abelany
S8CT'T
yoeu) bielss 818]dwod 0} |[eq Joy awil sbedsny
S/W 6L'Y
:80eJ 3y Buipus sjreq yioq Jo pasds
w/TT
'$19eJ3 y1og Jo 1yb1ay 18N
weeo
'$y0e.41 y1og Jo ybray Buipus
w6e'T
'$y9e1 yiog 4o 1ybiay Bunuels
W or'e
oeJ] paAInd Jo yibus]
w¢gee
oeay ybreais jo yibua
ON

£,9984 U} UIM 0B} 1S31I0US 3U} YNM |[eq 3y} pId



