Jonathan Tomkun

Put a Spin On It – The Effect of Spin on Balls in Motion
Background, Purpose, and Hypothesis
In sports such as tennis, baseball, golf, and ping-pong, one notices that the path of a ball
curves if it is given spin when thrown or hit. This curved path, common in sports, is
because of the Magnus force. The Magnus force is caused by a pressure differential
between opposite sides of the ball as it moves through the air. This pressure differential
is caused by the surface texture of the ball, which will carry some air with it as the ball
spins. Air is carried forward by the part of the ball that is spinning in the same direction
the ball is moving. This increases the concentration of air on that side of the ball, and
therefore increases the air pressure. On the opposite side, air carried away by the ball
reduces the concentration of air, and therefore decreases the air pressure. If a ball has a
greater pressure above it than below it, the Magnus force and deflection will be
downwards. If a ball has a greater pressure below it than above it, the Magnus force and
deflection will be upwards.

This experiment will investigate the effect of spin on balls in motion, by measuring the
pressure differential between opposite sides of a ball experiencing wind and spinning at
various speeds. Four balls, a tennis ball, a baseball, a golf ball, and a ping-pong ball, will
be studied.

From experience and from watching sports, we know that the more spin one puts on a
ball, the greater its deflection will be. Thus, the greater the spin of a ball, the greater its
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pressure differential will be. Since a spinning ball does nothing unless it is moving
through the air, the greater the air velocity against a ball, the greater its pressure
differential will be. In comparing the surface textures of the four different balls, the fuzz
of the tennis ball will carry the most air with it followed by the laces of the baseball, and
the dimples of the golf ball. The smooth surface of the ping-pong ball will carry the least
amount of air with it. This means that the rougher the surface texture, the greater the
pressure differential will be.

Procedure
The four different balls were drilled directly through the centre. A wooden rod was
inserted through each ball. The rod was attached to a motor and set in a stabilizer ring.
The ends of monometer #1 were positioned on opposite sides of the ball, as close to it as
possible to measure the pressure differential. A pitot tube, connected to manometer #2,
was positioned near the front of the ball to measure velocity pressure. A blower was
lined up with the ball. The blower was turned on and a velocity pressure reading was
taken from manometer #2 to calculate air speed. The spin motor was turned on and the
rate of spin controlled with a rheostat until manometer #1 showed that the ball was
producing a steady pressure differential. The rate of spin in revolutions per second (RPS)
of the motor was calculated using a spin counter and stopwatch. The motor rate of spin
was varied with the rheostat until another steady pressure differential was produced, and
the RPS was calculated. This process was repeated until 6 distinct pressure differentials
were produced and their corresponding rates of spin were calculated. The ball was then
set spinning at a constant rate and the RPS was calculated. The blower was turned on at
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one rate. A velocity pressure reading from manometer #2 was used to calculate air speed.
A pressure differential reading was taken from manometer #1. The air speed was varied
by switching the blower’s speed settings and moving the blower further away until a new
pressure differential was produced, and the air speed was then calculated. This process
was repeated until 6 distinct pressure differentials were produced and their corresponding
air speeds were calculated. The procedure was repeated for each of the four balls.

Results and Conclusions
For all balls, as the spin speed of the ball increased, the pressure differential also
increased. The relationship between pressure differential and spin speed is linear, so
pressure differential is proportional to the spin speed. (See Graph 1)
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For all balls, as the air velocity against the ball increased, the pressure differential also
increased. The relationship between pressure differential and air velocity is quadratic, so
pressure differential is proportional to the square of the air velocity. (See Graph 2)

Graph 2
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As predicted in my hypothesis, the surface texture of each ball did influence the pressure
differential generated. Overall, the tennis ball produced the largest pressure differential.
The tennis ball was followed by, in decreasing order, the baseball, golf ball, and pingpong ball. The fuzz of the tennis ball carried the most air with it. The laces of the
baseball carried the next most, followed by the dimples of the golf ball. The smooth
surface of a ping-pong ball carried the least amount of air with it. From these results, we
can see that the more textured a ball, the greater the pressure differential will be. Thus,
pressure differential is proportional to the surface roughness of the ball. (See Graph 3)
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Graph 3
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