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Abstract 

The effects of the length of a syrinx and the location of a syringeal constriction on the onset of oscillation 

were investigated. Using a custom-built apparatus, a controlled flow of air was forced through a model 

syrinx made of latex that was manually constricted to produce pure sounds. The syrinx was adjusted to 

vary the distances from each end to the constriction. The measured data will be used to verify 

mathematical models describing length-dependent oscillation in a collapsible tube. Sufficient data of 

reliable quality, in terms of sound purity, has not been acquired and consequently verification has not yet 

been undertaken. 

 

Introduction 

The syrinx is a tiny tubular structure in the vocal system of birds, which produces songs by oscillations. 

These oscillations are produced by a number of muscles controlling the motion of two relatively heavier 

structures in the syrinx – medial labium and lateral labium. The motion of these two structures serve as a 

constriction and change the effective cross-sectional area of the syrinx, resulting in harmonic oscillations, 

i.e. sound waves.  Air blown through the syrinx is made to pass through a constriction created by the 

positioning of the medial labium and lateral labium. A set of muscles control their positions of the labia 

and hence the constriction. This produces sound in the syrinx. Controlled manipulation of the constriction 

results in organised sound production, i.e. bird song. 

 

Objectives 
A number of mathematical models have been developed to describe oscillations in collapsible tubes, 

incorporating tension, length and flow rates. The objective here was to verify one of these models using 

experimental data. The model under consideration was developed by Christopher Bertram and Timothy 

Pedley (1982). As a starting point, the impact of the length of the syrinx was to be analysed using the 

model. The relationship between the length of the syrinx and the onset of oscillation was to be studied. 

Relevant data could be implemented into a computer simulation of the mathematical model for 

verification. Long-term goal is to understand acoustics of song production using analytic and physical 

models, where the mathematical model of the behaviour of collapsible tubes will be useful. 

 

Methods 
Using a collapsible tube, a single branch of the syrinx was modeled instead of the confluence of dual tubes 

as in a real syrinx. A cylindrical latex membrane (length 2.92 cm, diameter 4.4 mm) was used as the 

collapsible tube for the experiments. An air pump fitted with a flow-meter, along with an airway formed 

out of a series of connected plastic tubes, was used to maintain controlled air flow through the syrinx. A 

pressure sensor was connected to the airway using a T-connector. The pressure sensor was connected to a 

data logger, which was connected to a computer installed with signal processing software. The latex syrinx 

was fixed to the ends of a pair of rigid plastic tubes and inserted into the airway to form a continuous 

pathway. Control of the labia in creating constriction was modeled using strings on both sides of the latex 

tube, wound around a screw for controlling the constriction in the syrinx. A needle fixed to the screw and a 

circular scale was used to measure the angle traversed while constricting the syrinx. A microphone 



connected to a computer through an amplifier was placed near the syrinx to record any sound produced. 

 

Experiment 
A syrinx of measured length was placed in its designated place. A controlled air flow was maintained 

through the syrinx using the flow-meter. The syrinx was constricted until a pure sound was recorded. The 

angle of constriction, measured using the needle and circular scale, was recorded. From this angle and the 

initial angle, the distance by which the string had to be shortened to create the sound was calculated. This 

procedure was repeated with different elongations of the syrinx and with syringes of different lengths. 

 

The results from the experiment were insufficient for any conclusive verification. Furthermore, the 

relationship between the syringeal constriction and the change in length of the strings have not been 

established yet. Therefore, more results need to be accumulated before a complete fulfilment of the 

objective.    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



                    

 

 Fig: Syrinx 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Appendix A: Setup of Apparatus 

Latex Syrinx Construction  

The end of a plastic pipette of diameter 4.4 mm was dipped to a depth of about 3 cm in a vessel 

containing liquid latex. It was taken out and rolled in the palm to evenly distribute the latex over the 

whole immersed length of the pipette. The pipette was slanted while rolling to prevent the liquid latex 

from accumulating in the form of bulges at spots. Excess latex was allowed to drop back from the end of 

the pipette. When the latex seemed to have settled to a non-viscous layer on the pipette surface, the same 

end of the pipette was inserted again into liquid latex up to the previous depth. The above procedure was 

repeated. Then it was inserted a third time in similar manner and rolled again. Finally, it was allowed to 

air dry for twelve hours or more. After drying, the end of the pipette was immersed into a container of 

talc. The latex was unrolled a little distance from the top end. After unrolling a little bit, the end was 

inserted into talc and/or talc was smeared over the latex to accommodate smooth unrolling without 

adherence of the latex to itself. If done properly, a smooth cylindrical latex membrane would be obtained 

without the latex sticking to itself to create distortion in the cylindrical shape. The cylinder was cut and 

trimmed with scissors as needed, e.g. in case of small punctures near the ends. 

Notes: (1) Number of syringes built in the above manner exceeded seventy. Since the syringes were prone to puncture or 

irrevocable distortion in case of excess pressures building up inside them,  a large number were made and consumed in the 

course of the investigation. (2) Initially, the syringes were constructed by immersing the pipette twice into latex. However, it 

appeared that immersing thrice produced thicker and more durable syringes, and hence the practice of triple immersion was 

adopted. (3) Air drying the syringes for more than 48 hours produced drier latex layers which were less prone to sticking, and 

hence easier to unroll. 

 

Rigid Tube Deformation 

Rigid plastic tubes, which were connected to form an airway, needed to be narrowed considerably to 

allow a syrinx to be fitted at their ends. This was accomplished using a heat gun on a length of the plastic 

tube. A length of plastic tube was suspended vertically from a clamp. A heat gun was used to heat the 

vertical middle of the tube, while the tube was rotated on its axis to ensure even heating of all surfaces. 

The tube was seen to become softer. Upon application of a downward force anywhere below the heated 

point, the tube was seen to elongate with narrowing of the cross-sectional diameter at the heated point. 

Continuing and discontinuing the application of force and heat appropriately allowed attainment of 

desired cross-sectional diameter for fitting syrinx. Then by a sudden increase of exerted force, the tube 

was made to separate into two at the narrowed point.     

 

Tension Control Setup 

A length of dental floss was used as the string to constrict the syrinx. Four screws with holes were placed 

in a straight line. One of the terminal screws was attached with a needle. A length of dental floss was 

inserted through the hole in that screw and passed through the holes in the other screws. Then it was 

wound once around the other terminal screw and passed back through the holes back to the first screw. 

Both ends of the dental floss were then wound around the thread of the first screw. As the screw was 

turned, the dental floss was wound around the thread, causing minimal change in effective diameter of 

screw. Tiny bits of cylindrical plastic were inserted in the holes of the two middle screws to prevent the 

dental floss from brushing against the steel edges of the unevenly punctured screws, and ripping. 

 



Leak Prevention 

Leak elimination was necessary in the apparatus to ensure correct reading by the flow-meter and for 

sound production in the syrinx. The presence of leaks was detected by pumping air through the airway 

and applying concentrated soap-water at points where leaks were suspected. If there were leaks, air 

bubbles would be visible in the soap water. Several plastic plumbing connectors were used to connect the 

rigid plastic tubes to form an airway. Leaks were prevented from these joints by manually pushing the 

pipes into them firmly. In order to prevent leaks between the syrinx and the rigid plastic tubes, the 

narrowed ends of the rigid tubes were immersed in liquid latex and allowed to dry to from gaskets, taking 

care that the openings of the tubes were not blocked by latex. Once dried, the latex formed an adherent 

layer on the tubes. The syrinx was then fixed to the tubes. Metal wires were used to bind them to the tubes 

– more than one loop of wire were applied to the syrinx and the ends of the wires were twirled with pliers 

until the wires would not slide on the tube in any direction. Sometimes, more than one piece of wire was 

used to improve containment. 

 

Positioning of Syrinx 

The syrinx was intended to be placed in a horizontal alignment in parallel with the rigid tubes to prevent 

jet effects by the flowing air when passing through the syrinx. The rigid tubes with narrowed ends were 

not perfectly straight. Therefore, the heights of the openings in the two vertical plastic blocks, supporting 

the rigid tubes, had to be adjusted with soft putty-like material, so that the rigid tubes met each other 

reasonably horizontally at the same height.  

A separate loop of metal wire was used to bind the syrinx to the rigid plastic tube as close to the end as 

possible. The purpose of this loop was not to prevent leaks, but to ensure that a rigid clamp was fixing the 

syrinx to the end of the tube to prevent oscillation. That way, the effective length of the syrinx permitted 

to undergo oscillation was the distance between the ends of the rigid tubes. 

Furthermore, when a syrinx had been aligned satisfactorily, the rigid tubes were moved back and forth 

unti the syrinx rested in a collapsed state, i.e. collapsed throughout the length of the tube except the ends 

where it was bound. This was considered the equilibrium state of the syrinx. Using forceps, the syrinx 

was pressed at different points along its length to verify whether it was collapsed. The pump was turned 

on after the above preparations. 

The syrinx would inflate from its collapsed state upon pumping air. The tension control screw would then 

be turned until the dental floss strings only touched the syrinx without compressing it. This was the initial 

angle of the screw. This position was determined visually. 



 

 

 

 

 

 Fig: Experimental Setup 
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Appendix B: Calibrating the Pressure Sensors 

 

The pressure sensor was calibrated by application of controlled pressure using water columns of different 

heights in an U-shaped tube. There are two terminals in the pressure sensor and the difference in pressure 

between the two terminals is detected by the sensor. One end of a flexible plastic tube was attached to one 

terminal of the pressure sensor, taking care to prevent leaks, while the other terminal was exposed to the 

atmosphere. The plastic tube was positioned in an U-shape using clamps. Water was poured through the 

open end of the tube to create water columns of varying heights on the two vertical sides of the U-tube. 

The heights of the two water columns were measured (L1 and L2) using metre rules and the difference 

between them was used to calculate the pressure difference between them (Pressure difference = height 

difference   density of water   acceleration due to gravity). This pressure difference was equal to the 

pressure of the air trapped in the U-tube, i.e. pressure being applied to the terminal of the pressure sensor. 

Using a digital multimeter, the voltage output from the sensor was monitored. This way, a table of values 

for applied pressure and voltage output could be obtained.    
 

L1 (cm) L2 (cm) Difference (cm) Voltage (mV) Pressure (Pa) 

0 0 0 0.2 0 

97.8 81.5 16.3 4.3 1597 

105.5 79 26.5 6.5 2597 

119.2 84.2 35 8.6 3430 

74.8 67.4 7.4 1.9 725 

88.9 69 19.9 4.8 1950 

96.2 74 22.2 5.6 2176 

99.6 77.6 22 5.4 2156 

74.3 69.8 4.5 1.3 441 

77.9 70.5 7.4 1.9 725 

84.4 71.5 12.9 3.3 1264 

90 73.6 16.4 4.1 1607 

94.8 76 18.8 4.8 1842 

94.6 76.8 17.8 4.6 1744 

113.5 80.2 33.3 8.4 3263 

123 83.5 39.5 9.9 3871 

82.5 25 57.5 14.7 5635 

81.3 26 55.3 14.1 5419 

79 27.5 51.5 13.0 5047 

78 28.2 49.8 12.6 4880 

77.4 29.2 48.2 12.2 4724 

77 29.5 47.5 12.0 4655 

75.4 30 45.4 11.5 4449 

75.1 30.2 44.9 11.3 4400 

74.6 30.6 44 11.1 4312 

73.3 31 42.3 10.7 4145 

72.7 31.6 41.1 10.4 4028 

71.9 32.4 39.5 10.0 3871 

71.4 32.7 38.7 9.8 3793 

71.1 33.1 38 9.6 3724 



70.6 33.5 37.1 9.4 3636 

69.8 34.2 35.6 9.0 3489 

69.2 36.9 32.3 8.2 3165 

67.9 37.9 30 7.6 2940 

67.2 38.6 28.6 7.3 2803 

65.6 40.1 25.5 6.5 2499 

64.6 41.8 22.8 5.8 2234 

63.9 42.5 21.4 5.5 2097 

63.1 43.1 20 5.1 1960 

61.6 44.3 17.3 4.4 1695 

61.2 44.9 16.3 4.2 1597 

60.8 45.1 15.7 4.0 1539 

60.4 45.5 14.9 3.8 1460 

59.9 45.9 14 3.6 1372 

59.5 46.3 13.2 3.4 1294 

 

Note: Some values were intentionally taken out because we were unsure about those readings. 

 

Plotting voltage output against pressure, we got the following straight line. The points were very well 

correlated (correlation coefficient 0.9994) on the straight line with slope 0.002567



0.000010 mV/Pa and 

intercept 0.0502



0.03 mV.

 
 

Full-scale Reading (at 1 psi, i.e. 6894.76 Pa) = 17.77 mV 

 

Since it was suspected that the pressure sensor was prone to hysteresis effects, which might cause it to retain 

previously recorded values temporarily, the pressure and voltage was correlated while increasing pressure 

from a low value to a high value, and vice-versa. Any discrepancy in the two sets of readings might detect 

hysteresis, or other factors likely to create inaccuracy.  

 

For increasing pressure, a small pressure was applied first. Then water was poured in to increase pressure 



gradually, periodically recording the height difference and voltage readings. 
 

 
 

For decreasing pressure, a high pressure was applied initially using a large height difference. The end of 

the plastic tube connected to the pressure sensor terminal was allowed to have a small leak so that 

pressurized air could escape very slowly. This way, the difference between the water levels decreased 

and reduced pressure gradually. The pressure and voltage readings were periodically recorded. 
 

 

  

 

  

The differences between the two sets were negligible and hence, hysteresis was probably absent. Therefore, 

the sensor could be expected to give the same readings for increasing or decreasing pressures. 

The Full-scale reading is the expected reading for the maximum pressure, given in the manual as 18.00 mV 

(with 1% error 



Appendix C: Analysis of Constricted Tube Images from Microscope 
 

The latex syrinx was being constricted by a pair of strings applying pressure perpendicular to the axis of 

the syrinx. To measure the change in cross-sectional area of the syrinx as it was constricted, a piece of 

‘shrink-wrap’ was placed in place of the latex syrinx and constricted by the same strings under a 

microscope. The change in diameter of the tube was correlated with the level of constriction by the 

rotation of the screw.  

 

The following images were taken under a dissection microscope where we photographed the constriction 

of the strings over a piece of 'shrink-wrap' (of about 6 mm in diameter, approximately the diameter of the 

syrinx of corvus melllori) according to the tension provided using the screw and dental floss system. The 

amount of turn needed to provide the tension was measured using a needle pointer attached to the screw 

and placed over a circular scale, i.e. protractor, to read the angle turned. 

 

For the analysis of the constriction versus angle turned in the driver screw, we first used the software 

ImageJ to calibrate and set the scale for all the images' pixel size with respect to mm (using the picture of 

the standard dot of size 1.50 mm). Using that scale and the measurement facility provided by ImageJ 

(described in pg. 55 of the manual), we determined the distance between the two strings providing the 

tension over the model syrinx for several images taken at different angles of turn (providing varying 

amount of controlled tension). 

 

  
 

After measuring the displacement between the strings for several tensions, we plotted a graph of the 

displacement and the angle turned. 

 

Angle /degrees Displacement /mm 

0.0 5.78 

3.5 5.57 

8.5 5.36 

13.5 5.08 

18.5 4.83 

29.5 4.34 

34.5 4.11 

38.5 4.00 

43.5 3.81 



48.5 3.72 

53.5 3.62 

58.5 3.54 

64.0 3.45 

68.5 3.33 

74.5 3.30 

78.5 3.18 

83.5 3.11 

 

 

The theoretical value for the displacement of such a string-tension system (without any tube inside) should 

be like the relation below (which we worked out later and plotted in Mathematica). The theoretical model 

is based on the assumption that the string forms a rhombic shape with the cylinder in between. As the string 

is tightened, the sides of the rhombus touching the cylinder approach each other uniformly, but a rhombic 

shape is maintained. The rhombus could be considered an amalgamation of four right-triangles, and 

Pythagorean theorem could be applied to calculate the change in diameter.  
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Graphically we obtain (by the Mathematica instruction: Plot[2 Sqrt[(1.869 - 0.25 (0.00612 x))^2 - 

1.848^2], {x, 0, 71.5}] ): 

 

 
 

In reality the displacement depends on the elasticity and strength of the material under constraint, so our 

graph from the experiment was very different from the one above. 

 

Later we found out that we had a problem in measuring the angle from the protractor so we were reading 

the angle values incorrectly. We fixed the problem (i.e. positioned the protractor correctly) and took a 

series of images under the microscope again to find correct readings. This time the graph we plotted in 

Excel was like this. 

 

 

Angle   Pixel Length Actual Length (cm) 

0.0 264.61 0.551 

6.5 250.51 0.522 

12.5 236.69 0.493 

16.5 225.28 0.469 

22.0 212.60 0.443 

27.0 195.74 0.408 

31.5 184.39 0.384 

36.5 174.10 0.363 

41.5 164.11 0.342 

46.5 156.46 0.326 

51.5 146.34 0.305 

61.5 132.24  

67.0 132.38  

71.5 120.02 0.250 

77.0 116.00 0.242 

81.5 114.16 0.238 

86.0 112.02 0.233 

91.0 112.00 0.233 

 
Note: The 12th and the 13th values are same (the difference is probably due to measuring the length at slightly different points 

according to the eye estimation). Probably mistakes were made while taking the snapshots. So both the values were discarded.



 

 

 

The black line is a trend line drawn to fit the points with an exponential curve (equation and R^2 value 

shown above) and the pink line represents the theoretical graph described above.  Clearly the experimental 

values are not explained by the theoretical model. The most plausible reason behind the discrepancy could 

have been the rigidity of the material of the shrink-wrap. It prevented it from assuming flexible shapes to 

accommodate rhombic string shapes. Instead, the shapes assumed were similar to ones assumed by 

collapsible tubes under constrictions. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Appendix D: Measurement of Syrinx Length 

A metre rule was placed vertically above the syrinx. A photograph was taken with the camera facing 

perpendicularly to the plane of the syrinx and the ruler.  

                                         

 

Using ImageJ and markings on the ruler, the pixel length per unit distance in the photograph could be 

determined. This pixel length was used to measure the effective length of the syrinx – the distance 

between the ends of the two rigid tubes.  

Having measured the length of the syrinx, a photograph was taken from a different angle in view of 

the constriction and the two ends. This was used to measure the distance of the constriction from 

either end of the syrinx. 

 

                                       

 

The known length of the syrinx was used to determine the pixel length per unit distance in the 

photograph, and subsequently used to measure the distance of the constriction from either end. The 

markings on the ruler were not used since it did not lie on the same plane as the syrinx from the angle 

of the photograph. 

 



Appendix E: Recording Sound and Analysis of Sound Waves 

If pure sound was produced, it was produced before chaotic sound in syringes. When manually 

turning the tension control screw with the microphone recording, the experimenter verbally uttered the 

angle at which pure sound was first detected, i.e. onset of oscilaation, to record through the 

microphone. He would generally increase the angle further until it seemed that the constriction was 

getting perilous for the syrinx. Chaotic motion was usually detected before reaching that limit, and the 

angle would be verbally uttered as well. The angle was then brought back to the initial angle and the 

experiment repeated to verify the angle of onset. 

Caution: 

(1) The angle should be changed gradually. Often sudden decrease in angle creates air flows from 

compressed air in the syrinx, which produce somewhat pure sound. This is not oscillatory 

motion however. 

(2) Often, syringes have exploded owing to too much constriction. With relatively longer syringes, 

large angles of constrictions might be necessary to produce sound. Under such circumstance, 

care needs to be exercised when approaching large angles. 

(3) Sometimes while reducing angle, the tension strings might become improperly aligned. Their 

alignment needs to be rectified before increasing the screw angle again. 

 

Sounds of oscillations recorded by the microphone were analysed using computer software. By 

performing fast Fourier transform (FFT), the sound waves could be isolated into its component 

frequencies and displayed in a spectrogram.  

 

           

 

 

Pure sounds are created by harmonic oscillations in the collapsible tube, whereas impure sound is 

created by chaotic motion. Therefore, the production of pure sound is of interest here. 

 

Discrete Frequencies, 

i.e. Pure Sound 

 

Continuous Frequencies, 

i.e. Impure Sound 

 



Appendix F: Pressure Sensor Data 

The pressure sensor was connected to the main airway and was intended to record changes in pressure 

as the constriction was varied. The pressure sensor was calibrated experimentally (Appendix B).  

The data logger connected to the pressure sensor recorded the reading from the pressure sensor. At the 

beginning of every experiment, data logging was started. Every set of pressure reading contained 

ripples. Hence, moving average of the readings had to be taken. These ripples – ranging from 0 to 2 

mV – could not be eliminated. They were present even at zero pressure difference with fixed 

frequency and were presumably intrinsic to the circuitry of the sensor. By changing the power supply 

to the sensor from a 5 V voltage regulator to batteries, the ripples were reduced. 

The pressure data might be used later to generate sound waves. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Appendix G: Experimental Data 

 
Data from Experiment 8: 
 

 

Initial Angle/ deg 70 78 97 86 

Effective Length/ cm 1.48 1.75 1.88 1.99 

Left Side/ cm 0.62 0.89 1.01 1.09 

Right Side /cm 0.80 0.79 0.81 0.83 

Maximum Angle /deg 135 151 176 174 

Maximum Distance 

Covered /cm 
0.1989 0.22338 0.24174 0.26928 

Notes 

Oscillation 

onset at 102 

deg, chaotic 

sound at 115 

deg 

Oscillation 

onset at 111 

deg, chaotic 

sound at 126 

deg 

Oscillation 

onset at 150, 

153 deg 

Oscilation onset at 153, 

159 deg; oscillation at 

159 deg came out 

sharper according to 

frequency spectogram 

Onset of Oscillation 

/deg 
102 111 152 159 

Constriction 

Distance/ /cm 
0.09792 0.10098 0.1683 0.22338 

Chaotic Sound Point 

/deg 
115 126 x x 

Constriction Distance 

/cm 
0.1377 0.14688 x x 

 

 

Note: Distance Moved per Degree Angle Turned = 0.00306 cm 

 

 

 

 

 

 

 



Data from Experiment 5:  

 

Investigation of Pressure-Effective Length Relationship: 

 

Flow = 36 units 

 

No.        Initial Angle        Effective Length        Left side        Right side        Angle of Onset 

 

1                  72                0.434                    0.155            0.286                97, 99.5 

 

2                  75                0.465                    0.170            0.300                102, 106 

 

3                  55                0.544                    0.231            0.283                No sharp pure sound 

(covered over 180) 

  

4                  62                0.606                    0.241            0.366                See Notes 

 

 

Notes: 

 

2 - sound discontinued after about 2 minutes, possibly due to pipe dislocation. 

4 - No sound at flow = 36 units. If flow = 51 units, Theta = 138.5. Same for 60 units flow. thus at 

around 138.5 degrees, we get oscillation if flow rate >= 49 units. (Visible fast oscillation on right 

side of constriction). 

 

 

 


