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Accel. Time Predicted
Distance

Actual
Distance

2 m/s 4 s 16 m 8 m

1 m/s 6 s 36 m 18 m

3 m/s 2 s 12 m 6 m

Hypothesis:

Revised:

Units in Experiments
What we talked about in class today brings our study of Dimensional Analysis together
with what we did with the Scientific Method at the start of the year. According to the
scientific method, in order to know what we will change and what we will measure in an experiment, we need to
have some hypothesis to work from. Since facts in physics are expressed as equations, this means that before we
start the experiment, we need to have an equation we think is right.

This is where dimensional analysis proves its worth. If we understand what all these variables are, we can often
guess which ones matter in some particular experiment. Then, dimensional analysis can discover the equation
relating those variables. The only complication here is that we have to figure out the "haves" for ourselves. Also,
we are able to test, and sometimes correct, our equation by measuring its prediction against the actual results. For
example, the data below lead us to believe that our predicted equation needs to be multiplied by ½:

. 1 In class, you were briefly introduced to a pendulum, the subject of tomorrow's experiment. You were told
that the goal was to figure out how the properties of the pendulum itself determine how long it will take to
swing, so that you could, for example, manufacture a pendulum that would take one second exactly to
swing.

a) List below what things you think might matter, with an explanation of why. An example is given.

Acceleration of gravity (9.8 m/s²), because gravity is what causes it to swing, and it might be slower on
the moon.

b) What equation can you construct for Time (s) using these things? (You don't have to use all of them)

. 2 On Monday, we will do the string waves experiment: When I pluck a stretched string, what determines the
time it takes for the "pulse" this creates to travel to the other end and bounce back to me?

a) List below what things you think might matter, with an explanation of why.

b) What equation can you construct for Time (s) using these things?



. 3 In this experiment below, I suspect that a ball moving (with a Speed) has Energy.

a) Circle other quantities below that might affect the Energy of the ball's motion.

b) What is your hypothesized equation?

c) Using the results below, calculate the speeds predicted by your equation.

Speed Volume Mass Pressure Predicted Actual

3.8 m/s .02 m³ .5 kg 101,325 kg/m s²  3.6 kg m²/s²

3.1 m/s .01 m³ 1.8 kg 82,800 kg/m s²  9.0 kg m²/s²

2.4 m/s .01 m³ 8 kg 64,000 kg/m s²  24 kg m²/s²

d) What on average do you need to multiply the prediction by to get it to
match the actual?

d) What does the revised equation look like?

. 4 Challenge: In 1950, the British mathemetician G. I. Taylor shocked the
CIA by calculating the Energy yield of Trinity (the first atomic bomb test)
using a series of declassified photographs showing the radius of the
explosion at regular time intervals after the explosion. He was able to
solve this "impossible" problem by ignoring the complexities of explosion
physics and using dimensional analysis instead.

In the pictures to the right, 1 cm as you measure it on the page is equal to
21.5 m. (There's a 100 m scale bar at the bottom). Notice that it is the
radius that matters, not the diameter; that's just the way the world seems
to work. The only thing that slows the growth of a shock wave is the air
density, which is about 1 kg / m³.

The numbers in the corners of each frame are the times, in milliseconds - thousandths of a second. So, the
second picture, where the fireball is already about 43 m across, was taken just .00024 seconds after the
detonation.

a) What is the equation for energy, kg m² / s², in terms of radius (m / 1), density, and time?

b) What is the yield of the Bomb?

c) The yield of a bomb is more often measured in "tons of TNT". One ton of TNT is equal to
4,184,000,000 J. What was the yield of Trinity in tons of TNT?
The actual yield was reported as 20,000 tons TNT. Is Taylor's estimate close?


