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Physics of the mechanical toy Gee-Haw Whammy Diddle

Gee-haw whammy diddle is a mechanical toy consisting of two wooden rods and a propeller. The
main rod has a series of notches engraved in it and a propeller loosely attached to its end. The
driving rod is used for rubbing over the notches of the main rod, causing the propeller to rotate.
Skilled performers can achieve high rotation speeds of the propeller and quickly change the
direction of rotation.

The propeller’s rotation can be explained using a combination of two different mechanisms. Firstly,
as the driving rod is rubbed over the notches of the main rod, the main rod starts to vibrate; the
properties of these vibrations are determined by the grip used and the force exerted by the
performer. Secondly, as the main rod is vibrating, the propeller starts to collide with the nail,
resulting in its rotation.

Fig. 1. A typical gee-haw whammy diddle.

It has previously been assumed that for the propeller to rotate, it needs to stay in continuous
contact with the nail and synchronize with its motion, similar to a person driving a hula hoop using
their hips. Under this view of the nail-propeller system, it had also been assumed that an elliptic
motion of the nail is necessary for rotation of the propeller.

Using a mechanical vibrator to control the motion of the main rod and a high-speed, high-resolution
camera, we have investigated a broad range of novel conditions, leading to a new conceptual
understanding of the gee-haw whammy diddle. The following observations act as a simple
summary of our findings.
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Observation 1
Elliptical movement of the nail is not necessary for starting and maintaining the rotation of the
propeller. A perfectly symmetric linear motion of the nail may induce rotation of the propeller in a
random direction.

Observation 2
The propeller is only able to rotate if it separates from the nail during its movement. For the
propeller to separate, the nail needs to accelerate downwards faster than the gravitational
acceleration. If the nail accelerates significantly faster than this critical value, the additional
acceleration is only detrimental, and the propeller’s speed decreases.

Observation 3
A spinning propeller spends most of its time in free fall, only interrupted by frequent but extremely
short collisions with the nail. These collisions cumulatively contribute to the propeller’s overall
rotation, as displayed in Figure 2.

Fig. 2. Estimated propeller speed based on its collisions with the nail (blue) vs the propeller’s
actual speed (red) during the first few seconds of its movement.

As a whole, these observations contribute to a new conceptual model of the gee-haw whammy
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diddle. Rather than seeing it as a simple continuous mechanism (like the hula-hoop), the gee-haw
whammy diddle is a fundamentally chaotic system of random collisions leading to a stable motion
of the propeller under the right conditions – namely an optimal acceleration of the nail and
sufficiently high friction between the nail and the propeller.
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