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Introduction
The round is an ancient and well-established musical form in which performers play (typically sing) the 

same melody in turns, each offset by an initial delay [1].  Historically rounds have been relegated to 
simple childhood trivialities.  In this paper we endeavor to show the breadth and richness of the 

possible regimes of round parameters, by exploring limiting cases of round parameter space.  There is a 
lot more about rounds in some other theory book.  

Book I: On the Limiting Cases of Rounds
Definitions

The simplest model of the round can be expressed with three parameters:  the melody ψ  itself, the 
delay time offset δ  after which each subsequent performer enters, and the number of times N that the 

melody is to be repeated (which is typically also the number of performers).  From the melody we 
derive an additional subparameter L, the melody length.  The melody itself can be thought of as a 
multiparameter system with several internal parameters which we will not discuss here.  Figure 1 

shows a typical round with the major parameters highlighted.

 Figure 1: A typical round ("Row, Row, Row Your Boat") with model parameters.

***This model clearly omits many practical 
factors important to the performance of rounds, 

notably human factors like life span, food 
intake, breathing rates, and audience boredom.  
We will continue to omit these factors for the 



remainder of this paper, although we stress that future work is required to investigate the importance of 
these additional parameters.***

Parameter Regimes - Types of Rounds

Below we consider the major limiting case parameter regimes in which each of the melody ψ (and its 
length L), the delay offset δ, and the repeat length N are varied.  We name each parameter regime 

according to the musical domain-specific effect produced.  For every example, we use Dan Coenen’s 
piece: “Cows Take a Vacation”

I. Unison (δ → 0) - “Everyone Starts”

The Unison parameter regime occurs when the delay time δ  is taken to zero.  In this parameter regime, 
all performers start and finish at the same time, regardless of the melody performed.  A musical 

example may be seen in Figure 2.

Figure 2:  Everyone begins at the same time in Unison parameter regime (δ → 0).  I assume they also 
end, but you would have to ask them.



II. Unison with delay (uniform melody) 

In this parameter regime, the melody is limited to a single repeated note, and all performers sing in 
unison whenever they are singing simultaneously.  The delay length δ  and repeat length N are 

irrelevant in this regime.  Although the performers may start and end at different times, whichever ones 
are singing at any given time, are singing in unison.  A musical example may be seen in Figure 3.

Figure 3:  Unison with delay (uniform melody).  Note that the melody does not necessarily have to 
continue ad infinitum, but it helps.



III. Full Asynchronicity (δ  >> L) “Singing in Shifts”

In the Fully Asynchronous regime, the delay length δ  is much longer than the melody length L, and so 
the performers consequently sing sequentially.  No two performers ever sing simultaneously.  As δ  is 
increased further beyond L, the time delay between 
when performer k ends and when performer (k+1) 
begins increases accordingly.  A musical example 

may be seen in Figure 4.

Figure 4:  Fully Asynchronous regime

***The last two performers presumably come in at some 
point when they get back from the bar or wherever



IV. Infinitesimal Asynchronicity (δ  << L) “The Stutter”

In the Infinitesimally Asynchronous regime, the delay time δ  is much shorter than the melody length L.  
Often δ  is much shorter, even approaching zero, but this need not be the case.  In this regime the 

performer entry times are offset by small but non-zero amounts, essentially resulting in a “beat-like 
effect”.  This effect has been investigated previously by Kurihara et al. and is known to produce 
auditory disturbance and “speech jamming” [2].  A musical example may be seen in Figure 5.

Figure 5:  Infinitesimally Asynchronous regime.  You can sing this yourself with the help of a 
jackhammer.

V. Infinite Beginnings (N → ∞) “Everyone begins”

In the Infinite regime, the repeat number N is large, practically infinite, and the round (and number of 
performers) is unbounded.  The round continues forever, with new performers entering and exiting 

without end.  Basically get everyone you know to come help with this one.  A musical example may be 
seen in Figure 6.

Figure 6:  Infinite regime on the next page.  It continues beyond that page.





If the previous one is unclear, use this one



VI. Single Performer (N = 1 or δ → ∞) “One Person Begins”

The Single Performer regime occurs when the repeat number N is 1, or the delay time δ  goes to 
infinity.  In this regime the melody is performed once and the round ends.  A musical example may be 

seen in Figure 7.

Figure 7:  Single Performer regime.  Note the double bar at the end to make sure no one gets it in their 
head that they should start afterwards.

VII. Silence (L → 0 or N → 0) “No One Begins”

The Silence regime is one of the most interesting.  This regime can be triggered by taking the melody 
(or melody length) to zero, or the repeat number to zero.  In this regime the round is empty.  We refer to 

this as the degenerate case.  A musical example may be seen in Figure 8.

Figure 8:  Silence regime

VIII. Short Intervallic (L → 0)  “bz”

In the Short Intervallic regime, the melody length goes to zero and the melody is arbitrarily short.  A 
musical example may be seen in Figure 9. (next page)



Figure 9:  Arbitrarily short melody regime

IX. Long Intervallic (L → ∞) “No one can begin because the 
introduction never stops”

In the Long Intervallic regime, the melody length goes to infinity and the melody is arbitrarily long.  
Each part in the round continues forever, and the round never ends, regardless of how many performers 

are involved.  A musical example may be seen in Figure 10.  
Figure 10:  Arbitrarily long melody regime (next page)





X. Inverted “Who’s on first?” (δ < 0) 

If the delay time δ  is negative, the performers enter and exit in reverse order.  This may be combined 
with any of the previous regimes for N, L, or δ.  For example, it is possible to be both in the Inverted 

and the Fully Asynchronous regimes (the performers sing sequentially but in reverse order).  A musical 
example may be seen in Figure 11 (below).

Figure 11:  The Inverted round.  The last voice begins but cannot begin because the first voice is 
supposed to begin and how can the second voice begin no he cannot because then he or she will be the 

first and then it’s all wrong oh dear what to we do now...



On Forbidden Regimes

Other parameter regimes can be considered 
“forbidden” in the sense that there are extra-

physical constraints that make them 
functionally “illegal” in our model.  For 

example, to take the melody length L or the 
repeat number N to negative values results in 
a round that “is over before it started”.  This 
regime may be considered “forbidden”.  A 
musical example may be seen in Figure 12.

Figure 12:  A round that "is over before it 
started"

darn.

The End of Book I.



II
A Small Practical Guide to 
Composing Rounds in the 
Modern Physical World



Introduction:

Most traditional round composition instruction fails to take into account a great variety of modern 
physical theories, including relativity and quantum mechanics.  This severely limits the circumstances 

under which they can be performed, and performed successfully.  In many cases a limited knowledge of 
these issues can even be dangerous!  In this section we suggest ways to update the round form for the 
realities of modern physics, in a practical and handy-to-use guide format.  It is our hope that this guide 

will also help composers to safely and musically navigate into the future which might, say, involve 
space performances or something..

 Section I: Velocity Considerations

If the musicians are moving with respect to the audience at subsonic, supersonic, or quasi-liminal 
speeds, a variety of effects can become important, including Doppler effects, speed-of-sound effects, 
and special relativistic effects.  These are of critical importance in a world where music can move at 
nearly the speed of light.  We will first discuss the doppler effect and then move on to some safety 

issues of performing music at high speeds.

The Doppler Effect

If the musicians are moving with a parallel velocity component v_{source} with respect to the 
audience, it is well-known that the apparent pitch f_{receiver} of the performed melody will be 

adjusted to:

f_{receiver} = f_{source} * ( c_{sound} ) / ( c_{sound} + v_{source} )

We cannot assume the audience will not also be moving (we’re a go go go society), so the more general 
expression is:

f_{receiver} = f_{source} * ( c_{sound} + v_{receiver} ) / ( c_{sound} + v_{source} )

where the velocities are understood to be the components along the direction of motion.  In order for 
the round to be perceived correctly, the performers must modify f_{source} by tuning or detuning in 

order to make f_{receiver} the desired pitch.  For example, in order for the audience to hear an A (440 
Hz) while the musicians are moving at 100 miles per hour towards the audience, the musicians should 

play a Pythagorean G (382 Hz).  A musical representation may be seen in Figure 13.  



Figure 13:  A round in the presence of the Doppler effect

Speed of Sound Effects on the Body

As the performers approach the speed of sound with respect to the audience, the Doppler effect leads to 
pressure waves that pile up ahead of the source.  This leads to what is usually known as a sonic boom.  

This tends to be uncomfortable for the audience and is best to avoid.

Section II: Relativistic Effects

Like we said, as performers approach the speed of light, special relativity begins to dominate, and the 
musicians experience both time dilation effects and the increase of their mass towards infinity.  As you 
can imagine, this has marked effects on the way one might perform a round.  You can find an artist’s 

realization of how rounds might look to a performer near light speed. 





Like we said before, as the performers approach the speed of light, special relativity begins to dominate, 
and the musicians experience both time dilation effects and the increase of their mass towards infinity.  
In the frame of reference of the audience, the musicians play slower, and in order to counteract this, the 

performers must increase their tempo by the Lorentz gamma contraction factor:

t_{receiver} =  * t_{source} = t_source / sqrt( 1 – v^2 / c^2 )

In order for the round to be perceived correctly, the performers must modify their tempo t_{source} in 
order to make t_{receiver} the desired tempo. A musical representation may be seen in Figure 14.

Figure 14:  A round in the presence of relativistic time dilation



For example, we can see below that in order for the audience to hear a tempo of 60 beats per minute 
while the musicians are moving at 95% of the speed of light towards the audience, the musicians 

should set their tempo at 18.75 beats per minute (a time dilation factor of roughly three times).  I bet 
pitch is also affected, but I really don’t want to do that math.

In addition, macroscopic objects moving at relativistic speeds tend to lead to atmospheric ignition and 
thermonuclear explosion [3].  

This also tends to be uncomfortable for the audience and is best to avoid.



Relativity of Simultaneity

If the musicians are additionally moving at relativistic speeds with respect to each other, the relativity 
of simultaneity comes into effect.  The equations are similar to those described above already, but using 

the musicians relative velocities.  These spaceship performers will need to work out their relative 
speeds before putting on their performance!

Quiz: Given the speed of the first ship 
and the BPM of the second, what is 
the speed of the bottom ship?  Who 
are they playing for?



A Small Note on Quantum Mechanics

Here we consider the case where the musicians are of atomic size.  Under these circumstances, 
Heisenberg uncertainty comes into play, making it impossible to determine both the melody line and 

the performers' position in it with perfect accuracy.

This problem is insurmountable, and we suggest instead selecting performers who are substantially 
larger than atomic scale, in order to circumvent the issue.

CONCLUSION:

As we said, most traditional round composition instruction fails to take into account a great variety of 
modern physical theories, including relativity and quantum mechanics.   We hope this guide helped the 
innovative modern round composer branch out into venues and space platforms, perform, and perform 

safely.  We hope we have helped to suggest ways to update the round form for the realities of the 
modern world.
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