
 

The Physics of the Flying Trapeze 
Investigation 10 

www.flying-trapeze.com 

 

Page 1 of 4 
This document can be downloaded free of charge at www.flying-trapeze.com subject to a few conditions. 

IIIInvestigation nvestigation nvestigation nvestigation 10a10a10a10a: : : :     Introduction to Rotating SystemsIntroduction to Rotating SystemsIntroduction to Rotating SystemsIntroduction to Rotating Systems    

Before we start Investigation 10, a few concepts need to be explained. 

Angular Velocity, Angular Momentum and Moments of Inertia Angular Velocity, Angular Momentum and Moments of Inertia Angular Velocity, Angular Momentum and Moments of Inertia Angular Velocity, Angular Momentum and Moments of Inertia     
This is similar to the concept of linear momentum and inertia. Inertia is a measure of how difficult something is 
to get moving or to stop. By the same definition, the moment of inertia is a measure of how difficult something 
is to set into rotational motion, or to stop that motion. It is a scalar value calculated by the mass of the particle, 
multiplied by the square of its distance from the axis of rotation. In a person, the contributions of the moment 
of inertia of all the 'particles' are added to give an overall value. A heavier, more extended body has a larger 
moment of inertia than a light compact one. 

  

Angular velocity is a vector quantity, represented by an arrow whose length is the rotational speed and the 
direction is parallel to the axis of rotation. The direction the arrow points in depends on the direction of 
rotation, in accordance with the right hand screw rule (if the person was a screw, rotating as if being tightened, 
then the angular velocity arrow points in the direction that the pointed end of the screw points). 

Angular momentum is given by the product of the angular velocity about a given axis, multiplied by the moment 
of inertia about the same axis (it is therefore a vector quantity, in the same direction as the angular velocity 
vector. 

Somersaulting and Twisting Somersaulting and Twisting Somersaulting and Twisting Somersaulting and Twisting     

 

Somersault

Twist  

Somersaulting is where the body rotates head over heels, 
through an axis through the waist (if body is straight, this is 
where centre of gravity is). 

Twisting involves spinning or pirouetting, rotating about an 
axis from head to toe. 

 

 

Axis of rotation
Angular Momentum
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Direction of rotation
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Axis of somersault

Somersaulting
Angular Momentum

Vector

Twisting
Angular Momentum

Vector

Axis of twist

Sum of vectors

 

If a performer is both somersaulting and 
twisting at the same time, then he has an 
associated angular momentum for each. Since 
both are vector quantities, his total angular 
momentum is found by adding the two vectors. 

 

 

Conservation of Angular MomentumConservation of Angular MomentumConservation of Angular MomentumConservation of Angular Momentum    
Newton's third law can be applied to a rotating system to state that 'in the absence of external impulses, the 
total angular momentum in a system is conserved. 

This is a problem for trapeze artists (and divers and gymnasts etc.). What it means is that once you let go of the 
bar, you cannot start a twist or somersault in the air. Since you will have had not angular momentum to begin 
with, you cannot 'create any' in the air, since there are no impulses on your body (air resistance may be 
considered negligible). 

It should be stressed that conservation of angular momentum does NOT imply conservation of angular velocity. 

Since momentum is given by Iω2 where ω is the angular velocity, by changing I, you can increase or decrease 
your speed of rotation. 

This principle applies to the trapeze, but is best demonstrated with a more classical example of an ice-skater. A 
skater pirouetting on the ice starts with her arms straight out, this gives her a large I (moment of inertia) and 
once she sets herself spinning, this gives her a large angular momentum, but a low speed. She then pulls her 
arms in, reducing I. Since angular momentum is conserved, her angular velocity must increase to compensate, 
so she spins faster, achieving the pirouette. 
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Investigation 10bInvestigation 10bInvestigation 10bInvestigation 10b: : : :  Somersaulting and Twisting Somersaulting and Twisting Somersaulting and Twisting Somersaulting and Twisting    

How can you achieve somersaults on the Trapeze?How can you achieve somersaults on the Trapeze?How can you achieve somersaults on the Trapeze?How can you achieve somersaults on the Trapeze?    

In order to create angular momentum for rotation, an impulse must be 
exerted on your body. This is achieved by effectively pulling down on 
the bar before you leave, and kicking your legs. This impulse gives you 
angular momentum, so once you leave the bar, you start to rotate. 

The relative angular velocities of the double layout and the tucked 
double back somersault demonstrate the principal applied to the ice 
skater above. The layout is performed with a straight body, so I about 

the axis (through the hips) is very large. Angular momentum is constant throughout, so a relatively slow angular 
velocity is achieved. This slow rate of rotation is very visible to spectators. In comparison, the tucked double 
back somersault is performed in a tucked position. I is therefore much less (body is more compact), and since 
the starting angular velocity is approximately the same as in the layout, the angular velocity is much higher. The 
faster rate of spin is why triples are performed tucked (you have to spin fast to get round three times in time to 
be caught). 

More Advanced TricksMore Advanced TricksMore Advanced TricksMore Advanced Tricks    
More advanced tricks on the trapeze involve combinations of somersaults and twists before the catch. Although 
it is possible to twist before a catch, the movement before you leave the bar is different to that preceding a 
somersault, making it very difficult to combine the two. What the performer needs to do is start to somersault, 
and twist while he is in the air. 

This may appear to be a violation of the conservation of angular momentum rule, since the man starts with no 
angular momentum about his twisting axis, and during the flight, he seems to create some. This is not the case. 

In order to understand how this is achieved, we must appreciate that a person is not a rigid object, and 
therefore there is only a certain distance that we can go, using a person modelled as a rod. 

 

Axis of rotation

Angular Momentum
Vector Axis of rotation

Angular Momentum
Vector
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Let us assume that the performer leaves the bar with a large, non-zero angular momentum, this is a vector 
parallel to the axis of rotation through his hips, so he starts to somersault (no twist to start with). Since this 
angular momentum is conserved, the vector it corresponds to remains in the same direction, regardless of how 
much the flyer wiggles or squirms. However, the axis about which the man rotates can change (the axis of 
rotation is always in the same direction as the angular velocity vector). In order to initiate twisting, the flyer 
'throws' his arms round. This causes his axis of rotation to wander off the direction of the angular momentum 
vector. This then represents a threat to the conservation of angular momentum principal, since the magnitude 
of angular momentum in any given direction has changed. This initiates a twist, creating exactly enough angular 
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momentum so that the vector sum of the two separate angular momentums is still the same as the original 
value. Angular momentum has been conserved, and the flyer has initiated a twist in mid-air.  

In layman’s terms: he has created the twist by ‘stealing’ a bit of the rotation from the somersault. 

It is interesting to note that this is only possible if the flyer starts with angular momentum. 

Some figures can help to demonstrate the relationship between the angle between the axis of rotation and the 
angular momentum vector and the rate of twisting. In a layout (back somersault with body straight), throwing 
his arms to create an angle of just 11o, causes his body to twist at a rate of 3 twists per somersault. 

In a double back somersault, when the flyer's body if tucked or piked, throwing the arms will create an angle 
larger than 11o (since I is smaller). For an angle of 20o, the body will twist at a rate of five and a half twists per 
somersault. 

 

Straight Piked Tucked

19.8kgms-2 5.9kgms-2 3.8kgms-2

Moments of Inertia

 

 


