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Abstract—A straw oboe is a simple drinking straw with one end cut 
into a wedge shape. The demonstration of how the straw oboe 
produces sounds of higher frequency when it is cut into smaller 
lengths intrigued me. The standard explanation is that the drinking 
straw is an air column open at both ends. So when the flaps vibrate, 
stationary sound waves are set in the air column that has resonant 
frequencies based on the length of the straw. However, when the 
sound frequencies produced by the straw were measured and 
compared with the expected resonant frequencies, they were found to 
be 15 times lower. This set me thinking as we conducted a thorough 
investigation by taking five trials for each length and measured the 
first four harmonic frequencies (using ‘plot spectrum' feature of 
AUDACITY software) for 26 different lengths of the straw. The data 
provides comprehensive proof that the current accepted belief is 
wrong. The lower frequency can be explained by considering the 
sound to be produced by the vibration of the flaps in the wedge 
directly, and not by the stationary wave setup. The flaps vibrate at 
around 15 times lower frequency than the corresponding resonant 
frequency for the length of the straw. The ‘correction factor', found to 
be 15 in our case, is expected to depend on the material properties of 
the flap-like the size, shape and stiffness of the flap. 

1. INTRODUCTION 

The current theory found in textbooks and internet sources [1-
5] state that the frequency of the sound produced by the 
vibrating straw should match with the resonant frequencies 
possible for stationary waves set in an air column of length 
equal to that of the straw, which is open at both ends. 
However, the preliminary investigation showed a considerable 
difference between the measured frequency and the frequency 
predicted by current theory. So, through this research, we want 
to establish a new and correct model to predict the frequencies 
of sound emitted by the straw oboe for different lengths. The 
research summarizes accurate data (measured sound frequency 
for each length for five different trials) over a wide range of 
the independent variable (26 different lengths of the straw).  

2. LITERATURE REVIEW 

A straw oboe vibrates due to the following reason. When air is 
blown into the reed-end of the straw oboe, a region high 
pressure is created inside our mouth. Air rushes into the straw 
as it the only region it is allowed to move. Now, we know that 
the only way air can speed up is by moving from a region of 
high pressure to a region of low pressure. This implies that, 
since the air is moving from our mouth (high-pressure) to the 

inner column of the straw, the inner column of the straw must 
be low-pressure. The pressure gradient surrounding the straw 
oboe (Stage 1) and the reeds are shown below. 

 
Figure 1: Demonstration of why reeds flutter  

(hand-drawn) (Stage 1) 
 

The pressure between the two reed is lower than the 
atmospheric pressure. The high pressure outside pushes the 
reeds together, causing them to close. 

Now, as the reeds close the airway, the pressure inside them 
gradually equalizes itself with the atmospheric pressure. This 
leads them to spring back to their initial position again. This 
causing the reeds to flutter (repeated opening and closing 
action). 

 
Figure 2: Demonstration of why reed flutter [Stage 2] 

When this happens, air puffs created at regular intervals travel 
up and down, reflecting from both ends. During this process, a 



47

pa
by
te
of
al

In
w
di
co
of

Fi

 
Si
1s

fr
(c
de
str

F

3.

3.
Fo
dr
in
pr
re

72

articular frequ
y the length o
rmed as the re
f the oboe. A
lso be equal to

n order to dete
was also dete
isplacement a
ondition, as th
f the air colum

igure 3: Diagra

ince the length
st harmonic w
equency of 

considering th
egrees Celsiu
raw graph wo

Figure 4: Frequ

. METHOD

.1 Preliminar
or the prelim
rinking straw 
nto the straw t
roduced was r
ecording was 

0.00

1000.00

2000.00

3000.00

4000.00

5000.00

6000.00

7000.00

0

Fr
eq

u
e
cy
 o
f 
so

u
n
d
 p
ro
d
u
ce

d
/H

z

Hypothes

p-ISS

uency of these
of the air colu
esonant freque

According to t
o the frequenc

ermine the va
ermined that
antinode-antin
he fundament

mn: 

ammatic (Han
harmonic setu

h of our straw
wavelength wa

sound was
he speed of 
us). The expe
ould be produc

uency vs Lengt
existin

DOLOGY 

ry Investigatio
minary invest

was used. Fo
three-times, an
recorded by a
done inside a

0.05

sized fundamental f

Hypothesized fundamen

Jou
SN: 2350-0077

e vibrations (a
umn. This pa
ency, which d
the current li
y of the sound

alue of this re
t the straw 
node air colu
tal wavelength

nd-drawn) Dep
up inside the s

w was 23cm (0
as expected to
s expected 
the sound to

ected frequenc
ced as follows

th of straw rela
ng literature 

on 
tigation, an o
or each length
nd the distinc
a laptop's mic
a quiet room o

0.1 0.15

Length of the straw/m

frequency (F1) vs Le

ntal Frequency (F1) vs Length o

urnal of Basic 
7; e-ISSN: 235

ir puffs) is sup
articular frequ
depends on the
iterature, this 
d heard. 

esonant freque
oboe acts 

umn. This s
h is twice the

piction of funda
traw. 

0.23m), the ex
o be 0.56m, a

to be 758
o be 346ms-1

cy vs length 
s: 

ation as sugges

ordinary 23cm
h, the air was
ctive ‘buzzing
crophone. The
of the physics

0.2

ength of the straw

of  the straw

 

and Applied E
50-0255; Volu

pported 
uency is 
e length 

should 

ency, it 
like a 
ets the 

e length 

 
amental 

xpected 
and the 
8.69Hz. 
1 at 25 

of the 

 
sted by 

m long 
s blown 
g' sound 
e sound 
s lab to 

mi
eac

Th
len
tot
app

3.1
Plo
uti
sou
fre

 

Th
ind
81
for
pro
co
(le

3.2
To
tha
rea
av
we

0.25

Ad

Engineering R
ume 6, Issue 8

inimize ambie
ch time until i

hrough this p
ngths of the s
tal of 3 trials
proximation f

Figure 5:

1.1 Use of AU
ot Spectrum 
ilized to analy
und of the ob
equency harm

Figure 6:

he experimen
dicated the m
Hz. This was 
r first harmo
ompted me to
llecting data f

ength).  

2 Final Data 
o increase the 
an 23cm wa
alized that s
ailable. Still, 
ere connected 

ditya Garg and

Research 
8; July-Septem

ent noises. The
it was reduced

procedure, sou
straw were pr
s were condu
for each length

: Straw used fo

UDACITY So
feature of t

yze the compo
oe. The peaks
onics. 

: Screenshot of
AUDAC

ntal data in 
mean first harm

very differen
nic hypnotize
o explore the 
for a broader r

Collection 
range of inde

s needed. A
straws longer
to procure a l
by sliding int

d Gyaneshwar

mber, 2019 

e same straw w
d to just 3cm. 

und recordin
rocured. Also
ucted, so that
h could be pro

or preliminary

oftware 
the AUDAC

onent frequenc
s in the plot sp

f ‘plot-spectrum
ITY software 

the prelim
monic frequen
nt from the fun
ed for that le

relationship 
range of the i

ependent vari
fter a quick 
r than 23cm
longer straw, 
to one anothe

ran Gomathina

was snipped b

gs for 11 di
o, for each len
t a mean freq
oduced. 

y investigation

ITY Softwar
cies of the ‘bu
pectrum repre

m’ analysis in 

minary invest
ncy at 0.23cm
ndamental freq
ength: 758.69
in greater de
ndependent v

iable, a straw 
market-searc

m were not r
two identical 

er (for a small 

ayagam 
 

by 2cm 

ifferent 
ngth, a 
quency 

 

re was 
uzzing’ 
esented 

 
 

igation 
m to be 
quency 
9Hz. It 
epth by 
variable 

longer 
ch, we 
readily 
straws 
length 



Fr
 

on
th
th

3.

 

 

 

 

 

4.
U
fir
de
in
fr
th

requency of S

nly) and by b
his, the range 
han doubled (2

Figure 7: S

Figure 8:

.2.1 Importan

A mark w
that the dis
the straw 
controlled.
length of st

For each o
the same f
mouth, su
However, 
would not 
jump was 
pressure.   

A finger w
support to
instead of 
This preven
in which th

Finally, sin
were notic
number of 
better mean

Laptop’s m
was enable
noise and
evidence in

. RESULTS

Using the data 
rst two harm
ependent var
ndependent v
equency harm

he straw. The g

ound Produce

p-ISS

eing fixed wi
of independen

23cm to 53cm

Straw used for 

: Diagrammati

nt precaution

was put on the
stance betwee
and the flutt
 The mark 
traw was plac

of the trials, a
force. Since th
ubtle variatio
it should be 
have a signif

only noticed a

was placed on
o keep the s

holding the s
nted the unint

he stationary w

nce slight vari
ced, even for 
f trials was inc
n approximati

microphone se
ed, so as to el
d disturbance
n plot spectrum

S AND DISCU

collected from
monics can be
riable (freque
variable (leng
monics increas
graph is show

ed by a Straw 

Jou
SN: 2350-0077

ith a transpare
nt variable (le

m). 

the final data 

ic representati

ns and measur

e reed-end of 
en the point of
tering portion
helped to en

ced inside the 

air was blown
he air was stil
on in forces
noted that th
ficant impact 
above a signi

n the father-ed
traw horizon
straw tightly 
tended alterati
wave was set. 

iations in the 
the same leng
creased from 
ion. 

ettings for amb
liminate any 
e which cou
m AUDACIT

USSION 

m the final col
e accessed in
ency) was p

gth). As hyp
sed with decr

wn below. 

Oboe  

urnal of Basic 
7; e-ISSN: 235

ent cello tape.
ength of straw

collection (52c

on of the straw

res 

f the straw to 
f contact of th
n of reeds re
nsure that the
mouth for eac

n into the stra
ll blown throu
s was unavo
ese subtle va
on the pitch,

ficant increas

dge of the stra
ntal. This wa

from any one
ion of the air 

frequencies o
gth of the str
3 to 5, in hop

bient noise re
possible back
uld provide 

TY. 

llection, (data
n the Append
plotted again
pothesized, a
ease in the le

 

and Applied E
50-0255; Volu

. Doing 
w) more 

 
cm) 

 
w 

ensure 
he lip to 
emained 
e same 
ch trial. 

aw with 
ugh the 
oidable. 
riations 
, as the 
se in air 

aw as a 
as done 
e point. 
column 

f sound 
aw, the 
pe for a 

duction 
kground 

faulty 

a for the 
dix) the 
nst the 
all four 
ength of 

 

Ho
1st

34
act

 

So
fre
lin
res

Fr
e
q
u
e
n
cy

o
f
th
e
so
u
n
d
p
ro
u
ce
d
/H

z

Engineering R
ume 6, Issue 8

owever, when
Harmonic fr

49m/s (becaus
tual frequency

Figure 10: Co

o, to confirm
equency and t
nearized with
sonant frequen

Figure 11: 

0

200

400

600

800

1000

1200

1400

1600

1800

0 0.1

Fr
e
q
u
e
n
cy
 o
f 
th
e
 s
o
u
n
d
 p
ro
u
ce
d
/H

z 

0

1000

2000

3000

4000

5000

6000

7000

0

Fr
eq
u
en
cy
 o
f 
so
u
n
d
 h
ea
rd
/H
z

Research 
8; July-Septem

Fig

n an attempt w
requency, calc
se the speed o
y, a mismatch

omparing the 
expected 

m the relati
the length of 

h the known 
ncies 

Mean 1st Harm

0.2

Length o

Harmonic frequen

0.1 0.2

L

Frequency vs

F1 Mea

mber, 2019 

gure 9: 

was made to co
culated using 
of air was 25

h was found ag

measured 1st h
1st harmonic. 

ionship betw
f the straw, th

hypnotized 

monic vs 1/leng

0.3 0.4

of the straw/m 

ncies vs length of the s

0.3

ength of the straw/m

s Length of the s

sured F1 Expected

ompare the ex
the speed of

O Celsius), w
gain. 

harmonic and 

ween the me
he graph was 

formula bas

gth of the straw

0.5 0.6

straw

0.4 0.5

straw

473 

 

xpected 
f air as 

with the 

 
the 

easured 
firstly 

sed on 

 
w. 

1st Harmonic

2nd Harmonic

3rd Harmonic

4th  Harmonic

0.6



Aditya Garg and Gyaneshwaran Gomathinayagam 
 

 

Journal of Basic and Applied Engineering Research 
p-ISSN: 2350-0077; e-ISSN: 2350-0255; Volume 6, Issue 8; July-September, 2019 

474

As expected, it was a straight line, with a constant slope (v/2), 
passing through origin since: 

 
2

1
 

(1) 

However, the value of the slope of the measured data was 
found to be lower than that of the expected value. The value of 
the slope, as can be seen in the graph above, had a value of 
11.21, implying – 

 
2

11.21 (2) 

 22.41 /  (3) 

This value was approximately 15 times lower than the actual 
speed of sound at the measured temperature of the air. The 
actual temperature of the air at 25O Celsius, and thus the speed 
of air was 346m/s1. This revealed that the existing hypothesis 
failed to predict the correct frequencies. 

Though an attempt was made to consult more literature on the 
subject, all the sources, including well-known physics 
textbooks (including IB Physics HL Textbook by Chris 
Hamper) provided explanations that were inconsistent with the 
data. 

4.1 New Hypothesis 
In order to explain the lower measured frequency, it is 
proposed that the frequency heard is the frequency of the 
fluttering of the reeds of the straw, and not of the stationary 
wave setup inside its air column. Through this explanation, it 
is possible to understand why the frequency of the sound 
measured is 15 times lower though still have a linear 
relationship with 1/ . The fluttering reeds of the straw 
are not able to match the frequency of the stationary wave 
formed inside the air column due to their mass/inertia. Itis why 
when the reeds vibrate, they do so at a frequency which is 15 
times lower. Thus the sound heard has the frequency 15 times 
lower than the expected resonant. It is reckoned that the value 
of this factor depends on the material of the straw and would 
remain a constant for all lengths for a given straw. The value 
of this factor, correction factor (m), could be calculated as 
follow: 

 
 

(4) 
 
 

This value could be used to obtain the values for expected  1st 
harmonics of the sound heard for all lengths of the straw. 

 	

2
1

 
(5) 

 
 

The new hypothesis led to a new set of predicted frequencies. 
These predicted frequencies and measured frequencies are 
plotted on the same graph below. 

                                                           
1https://www.weather.gov/epz/wxcalc_speedofsound 
 

 
Figure 12: 1st Harmonic predicted and measured frequency vs 

length of the straw 
 

 
Figure 13: 2nd Harmonic predicted and measured frequency vs 

length of the straw 
 

 
Figure 14: 3rd Harmonic predicted and measured frequency vs 

length of the straw 
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