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Sound Produced by Pistol Shot
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ABSTRACT : Acoustic measurement by pulse sound such as pistol shot or
electric discharge has been reported by W. Schindelin, G. V. Békésy and V. W.
Weber. Recently, as reverberation and transmission measurements it has become
common method. Merits of the pistol shot are considered to be, the first, it
produces great sound pressure and large signal to noise ratio can be obtained,
the second, it is very simple and any complicated system such as, amplifier and
oscillator are not necessary and with the aid of a frequency analyser, the measure-
ment covers over audible frequency range, the third, it is possible to detect the
individual pulse caused by reflection and it is suitable for the measurement of per-
cent disturbance in room acoustics. Author obtained fairly reliable results about the
reverberation time of several theatres by pistol as the sound source. Pistol shot
is the phenomenon of short period and the produced sound is a transient one.
Some results of peak presure level, time duration and the spectrum of the pulse
have been reported by several authors but farther study is necessary.

Shock wave produced by a pistol shot was observed by Schlieren method. It
has complicated structure but the wave front reveals spherical propagation.
Results of photometry show that the duration of the first wave front is the
order of 10 u sec. When we observe pistol shot, the quality of pulse will be de-
formed owing to the frequency characteristics of our ear or microphone system.
Particularly, the frequency response of microphone affects the wave shape con-
siderably. By several types of microphones, the different shapes of the direct
waves were observed, but a microphone that had sufficient sensitivity for high
frequencies such as 10kc or more, followed to the wave form fairly well, and
asymmetry of the positive and negative waves similar to the results of photometry
were observed.

Reverberation of the pulse produced by pistol is the series of pulses and
reverberation curve is their envelope. If the duration of pulse by pistol is only 10 u
sec, the sequence of reflected pulses must be separated ones. Flutter echo in

~ closed long tube was photographed by broun tube escillograph and the frequency

spectrum was measured by electric filter. The spectrum of the series of pulses
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depends not only to the pulse width but the time intervals of the successive
pulses. Theoretical calculation explaines the expreimental results fairly well.
Reverberation of pulsed sound in three dimentional room is very complicated
phenomenon, especially in irregular shaped room, the frequency spectrum by series
of pulses can not be analysed theoretically, then the distribution of reflected
pulses and the spectrum were measured experimentally in reverberation chamber.

As the source of sound for.reverberation measurement, pistol shot is very
sfmple and convenient method and the measured results of reverberation time
were compared with those observed by another source such as thyratron noise.
We can not find any difference between them, but pistol is rather advantageous
than any other sourses because of large s/n ratio during measurement.

Eyring’s reverberation formula can be introduced from the results of pulse
statistics analysis and the attenuation of divergent spherical waves. For ap-
pendix the error produced by writing speed of the recording system to the
results of reverberation time was estimated, and the tentative recommendation
for the determination and expression of the reverberation characteristics were

also described.
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Fig. 1 A pistol used in the experiment
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Fig. 2 Schematic diagram for measurement
of peak level produced by a pistol.
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Table 2. Deviation of peak levels of pistol
shot (Octave band).
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Fig. 4 Schematic diagram of Schlieren method
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Fig. 5 (b) Arrangement of pistol, microphone
and concave mirror.
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Fig. 6 Shock wave by pistol shot.

(a) Immediately after explosion.
(b) after one millisecond.
(c¢) after 10 milliseconds.
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(a)

Fig. 7 Reflection by a plate.

(a) 0.6 millisecond after explosion.
(b) 1 millisecond after explosion.
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Fig. 8 Wave form observed by photometry (arrow means the direction

of measurement).
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Fig. 9 Wave forms observed by various types of microphones and their frequency responses.
(a) Condencer mic (b) velocity mic (c¢), (d) dynamic mic

(e) crystal mic (f) 1000 c/s
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Fig. 11 Wave forms at various distances in the open field.
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Fig. 12 Schematic diagram for the measurement
of one dimentional pulse series.
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Fig. 14 Octave band analysis of flutter echo.
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Fig. 19 Distribution of pulses in the reverberation chamber A (full scale 4 milliseconds)

(a) source: center
mic : center mic

(a) (b)

(a) source: center,
mic : center mic

(b) source: corner

" i : . (H>.

(b) source: corner,

(c) source: center

. corner mic : corner

CP)

Fig. 20 Distribution of pulses in the reverberation chamber B (full scale 4 and 20 milliseconds)

(¢) source: corner

: corner. mic : center.
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Fig. 21 Spectrum level of pistol sound in the
reverberation chamer.
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Fig. 22 Spectrum level of pistol sound in the

auditorium.

Fig. 23 Sonagraph of the reverberant sound (Pistol shot in the auditorium)
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Fig. 24 Spectrum level of reverberant sound
of clapping (in rev. chamber) and
Weber’s result.
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HrrEenTED (Fig. 28 (a)).
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" Fig. 26 Reverberation time measured from tape recording.

Table 3.

X direct measurement
O recording

Comparison of the reverberation time measured

L CEEROMIEF £ LS s
K lTxza—-byza—whid
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B, FDLOIIZT a—nEd B
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Table 4. Comparison of reverberation time

measured by white noise and warble

tone.
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150~ 300 | 08 200 0T
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600~1200 ' 0.6* 800 Lo0.6°
: 1000 - 0.6°
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o
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ms SODMREFEE—E\ 2 sweep XEHE
NUADBIEEEFFE LSBT 5 enTET
I—DRELETRETHZENTE S, ¥ —
b B D transient #A4°< 52 EAFFETCEE
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Fig. 27 Gate circuit for the measurement
of echo.
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Fig. 28 Frequency responses of microphones and the
tape recorders used in the reverberation mea- 3 APPENDIX

surement.
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Fig. 30 Reverberation curve by various pen speed (experiment).

This document is provided by JAXA.



172 HERE FATFENERRE

B RERIOBIR A RE LT A, VR
G (MBEET) OB a, BROWIE

¥ B, BKEEM e ETHEEEZILOTHD
t EEoiREm « ik
dx . -
dt _*_a(x_xoe'ﬂt)-:o ........ (9)

DEIfRIZ7 5 (Fig. 31)

t=0 t

Fig. 31 Decay curve recorded by finite
pen speed.

t=0, T=Ty & LTI et

x a B
R 2 p-at
Ty a_Be a—ﬁe
1
—_ e 0~ B __ -dfy .. ..
a_ﬁ(ae Be %) 10)
a=f 1c i
e (ata 1) eeeeeen (11)
Lo

WIZFisREEE 800 db/sce (a=35)
140 db/sec (a=23) 70db/sec (a=8.1)
BERRT 0.5 7 (8=13.8) 0.7 # (B=10)
1.0 b (f=6.9) 1.5 b (8=4.5)
& LTk oTEliR et 5y oL Fig.
2 AELNE. ZHC ki 9 BRERR LR
ETHDIZ t=0 hHEFEH (—60db) 2755 ¥
T OB &I L CREI LR 5 & 0 lifEo
R A HRD 7 FHAREHA/DE T LG OB
R OREIZH BB XSy — A (Fu 57 %
—) NAEIITHHZ L& LT 5. Riz10)
H HEEESHEEIC L Dzt e RO TARSB. {2
iz db 25— LTHBELT
—X =201log, (x/xy)
LT
- X = 20log {1/ (a—-B)}
+ 20 10gw (ae=P —fFe=*)
Z‘f: 8. Taf{e P —e~%)/(ae? — [Fe~)
cereeenaa(12)

B A H£E13% (1957 : (18)

RS DR R DMEEB DO n 5 TH B
ETnid a=nf
ax

hadntal —Bt __ p—mpt —Bt _ p-npt
dt 8.7nf(e e~™) /ne e %)

EEEORERRE T &34k

T = 60/8.78 = 6.9/8 -+ +--+--(14)
ROk X N7l AR D BRI DIRERFRR 2 kD72 & L
TEOWEEE T &3

o , dX

12 e T=60 4
[ 6_?/ _1 —(’n—l)st) — p—(n—1)p¢
T = 5 (\1 " / (1-e )

(14) 121
’ 1. ___1\\ —(n—1)p¢
(T/T) =1 (1 u)e

_|_(1 — 1.)6—2(11—1)1” N
. n

/_ T,,_ _ — _.l_ ~(n-1)B .// —(m—13p |
\Ur 1) ‘(1 n)e A |

e )
A EESRARRR ORI OEERR T 2 Pse L
L ZOREERT LD TH 5.
n=1 2T a=f DL xix A1) »n5

(%;‘1>:=L%t=1ﬂ”"”‘“’u®

Bt DA LT (1) x 1002 &5
L7z 02 Fig. 83 T35 2~ 5 —4i n T 5.
WMEINAKEVF DX VDIESIRT H D 20UT 5 ;
i Bt CBIRT 5. BRI H VT =0 & 0 |
db & 44ux —10db, —20db---- X EFhZH N
Bt=1.15,2.3, - IIXIST HDT n>l D& & |
R Bt DbV IZKEEDEES (D) TH b |
FrrbTE%. Fig. 33 (a) ¢ —20db OIS
N OBREBRR L RDHB L n=2 K 5IFH 6%, n
=3 72 61F 0.522 DRI/ D. EROMFET
(3 20~30 db DFEfH D g5 D Tt n HEBEERT 2
KRDBGENEZE DO TREL FTOMDOFEE LT
#Zz N k. Table 59 (IEEAT4) 0.7 sec
DEIBOSHE b B 7 FlERE TSR L2 BAD
WEFRTH D, = OBRIIEERERINE DR

This document is provided by JAXA



o x (2 b A) KLoTRET3E

”db
T=0.75ec
— e
-20 o
-~40 \
A Y
-\
\
\
Y ‘\
NN
23 7 5ec

LG T LIS oDRBEN TN RO
REHE D OTV2EATHIBERT I epTE
5. P IEER T ORTHEE LEeBE
B o7 OETHAELLLEDEFIRATE

~1}x 100 %

{«

Fig. 32 Relation between penspeed and decay curve.
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Table 5. Reverberation time ob-
served by various writing speed.

writing speed Rez.setcigl ¢
db/sec
100 0.9
200 0.7°
300 0.7
500 0.6°
700 0.6’
1000 0.7

T oBERMO FTHEELLS
Licied. BEBRSKLIET 28
REEFROWEER a MNBED
B L V/hEW L 5B DES
AR LB L TARAD B R iEE
Li=\wZ &4k %. Fig. 33 (b) 1%

n<l OBADOREMBE LR LILDDTHAS. 1=
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40— , 200
- § ng i
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> ﬁt ——— PMW
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Fig. 33 Observéd error of reverberation time by finite writing speed.

a: decay constant of writing apparatus.

B: decay constant of reverberant sound.

(a) n=a/f>1 (b) =ns1
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Table 6 Personal deviation of the reverberation
time measured from the same curves.

number of

Gand | messure- | (AR | G o
_ c/s sec sec
150~300 30 0.003 —-0.2~0.25
300~600 34 0.025 -0.1~0.1
600~1.2k 34 0.02 —-0.1~0.05
- 1.2~2.4 34 0.01 -0.1~0.1
2.4~4.8 34 0.003 ~0.1~0.1
4.8~9.6 17 0.01 -0.1~0.1
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Fig. 34 Example of frequency characteristics of

reverberation time.
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