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THE FREQUENCY SPECTRUM OF A TONE BURST 

I 

The advantages and disadvantages of pulses and of continuous 
tones as test signals are well known. A relatively new type of test 
signal - the tone burst - is winning increasing acceptance because i ts 
characteristics lie between those of pulses and continuous tones, In 
evaluating the tone burst, i t  is useful to compare its spectrum with those 
of a pulse and of a continuous tone. 
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Characteristics of a spcctrum of a tone burst. 

1. Components a t  1,2,3, stc. times the repeti- 
tion rate of the burst. 

2. Maximum amplitude a t  the frequency of tha 
sinusoidol part, f. 

3. Zeros in the envelope (missing components) 
at intervals of f/(no. of cycles in burst) 
about f. 

4. "Bandwidth" of spectrum i s  inversly pror 
' 

portional fo numbers of cycles in the burst. 

5. Phase coherence i s  required to 
consistent spectra for bursts with few 
cycles in  burst. 

A sinusoidal tone burst signal is shown in 
Figure 1. It is formed by essentially "turning on and 
off" (gating) a sinusoidal signal. We are concerned 
with tone bursts which are on and off for whole num- 
bers of cycles. 

The Fourier frequency spectrum of a tone burst 
consists of discrete components at the burst repetition 
frequency and its harmonics, as follows: , 
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where, act) tone-burst signal voItage 

a, = amplitude of the nth harmonic 

tl harmonic number 

w = 2 n x repetition frequency of the tone 
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Figure 1. Sin+wave tone burst of two cyelss on, 
four cycles off. Frequency spectrum i s  given by: 

N = number of cycles in the burst 

M = number of cycles between bursts 

03 

€0) = Z  a, sin n u t  
n = l  

f frequency of the sinusoidal signal 
in the burst 



The s ine  series i s  used for a sine tone burst (see 

F i p r e  1) and the cosine series for cosine tone bursts  
(see Figure 2). 

Figure  2. Cosine-wave tone burst of two cycles 
on, four cycles off. Frequency spectrum i s  given by: 

M 

E (t) = Z a, .cos n w t 
n = l  

The amplitude of the harmonic component, a,, 
is given by the following equation: 

where, E = amplitude of the  sinusoidal signal 

72 
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n 
Y = N ( G , + l ) n  

This equation for the envelope of the spectrum 
can be considered i n  three parts: 

JY s in  x 
n, = 

h c 7  
( -  5in) 

x + Y 
scaIe factor  main part phase correction 

b. the main part of the  spectrum (see Figure 3). 

sin x 
This  - function is centered at the sinusoida1 

X 

f requency,  /, and has zeros and nodes a t  i n ~ e r v a I s  of 
//A' about /. 

F-igure 3. The main part  of the envelope of the 

spectrum of o tone burs* ( N = 3 ) .  

c. the phase correction (see Figure 4). This 

s i n  y 
function is subtracted for sine tone bursts  or 

Y 

Figure 4. The phase correction portion of the 

envelope of  the spectrum o f  o tone burst (N =3). 
a. t h e  s ca l e  factor, which i s  the product of the 

amplitude of the  sinusoidal signal, E ,  times a duty- 

N added for c o s i n e  tone bursts .  The phase correction 
ratio factor, hF~ . The duty-ratio factor does not affect the  maximum value or the frequency of 

the nodaI values. It does, however, make the spec- 
0 for widely spaced, narrow bursts  or 1 for closely trum enve lope  asyrnrnecrica1 about f (see Fig- 
spaced, wide bursts. ure 5 ) .  



Figure 5a. Spectrum o f  a 3-cycle sine burst. Figure 5b. Spectrum of D 3-cycle cosine burst. 
Phase correction is  subtracted from the main port. Phase correction i s  added to fhe main part. 

A s  the number of cycles  in  the burst, N ,  sign31 with frequency, f, for several values of N. 
changes,  the frequency spectrum of the burs? c h a n g e s  The functions for N = 3 are also s h o w n  in  Figures 
Figurt 6 shows the freqliency eanteat for bursts  of a 3 and 4. 

The 3-dB bandwidth of the  main lobe of  the 

0.88/ 
envelope is - ( s ee  Figure 3). The amplitude of 

N 

t h e  Fourier component nearest  th is  3-dB point changes 
a s  the  phase of the tone burst changes from sine to 
cosine. The magnitude of t h i s  phase correction is 
inversely proportional to the number of cycles in  the 
burst. Thus, for a burst of many cycles,  the  ampIitude 
change in  the Four i e r  component at the 3-dB point is 

very s m a l l  as the phase of  the tone burst is changed. 
(Note that i n  Figure 6 the arnpIitude of the phase cor- 
rection is much greater for a 1-cycle burst  than for a 

?-cycle burst). 

Table 1 gives  the total change i n  amplitude of 
the component nearest  the  3-dl3 envelope amplitude 
point as the phase of the tone burst changes from 
s i n e  to  cosine. If the  phase of rhe tone burst is 
shif ted midway between s i n e  and c o s i n e  ( 4 5 O ) ,  the 

phase correct ion wi l l  no longer disturb the symmetry 
of  the envelope about I. 

I *  Table I- 

Figure 6. Frequency eontent of tone bursts of 

1,2,3, nnd 4 cycles of u signal of  frequency, f. 



Figure 7. Amplitude of the first 31 
Fourier harmonics of a one-cycle an, 
on c-eyclm off tone burst. Switching 
at zero crossings (sine burst) in  
black; switching at peak points 
(cosine burst) in red, 

Figure 8. Amplitude of the first 31 
Fourier harmonies of  an 8-cycle 
on, 8-cycle off tone burst. Switch- 

ing ot zero crossings (sine burst) 
in black; switching at peak points 

(cosine bursts) in red. 

HARMONIC NJMBERS 

The presence of the phase correction requires 
that the tone bursts be phase coherent' in  order to 

produce consistent test results. If the tone burst i s  
incoherent, the signal will drift between sine and 
cosine tone bursts, and the phase correction will  
cause a corresponding drift in the spectrum. That is, 
an incoherent burst of three cycIes has the same 

energy in each burst but the frequency distribution of 
I that energy drifts as the start and stop points change 

in phase relative to the sinusoidal signal. 

Figure 9 compares the waveforms and frequency 
spectra of pulse, tone-burst, and continuous-tone 

I signals. Only the envelope of the spectra are plot- 

I The spectrum for the pulse is given by: 

Z - 1 1 EO) E { k  +-Z [- sin ( n k n )  . coa n u t ]  
ll.=l f i  

where, E amplitude of the pulse 

k = duty ratio of the pulse 
o = 2 .rr x repetition rate 
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Figure 9. Cornparisan of waveform and spectrum 
envelopes for pulse, tone burst, and continuous 
tone signals, 



In the example shown in  Figure 9, boch the tone 
burst and the pulse have durations of NT seconds, 

+ and hence zercs and nodes occur at  intervaZs of ~ / N T  
or f/N cycles about f. Both, the;, have the same 

shape frequency distribution of energy. However, the 
ton e-burst spectrum envelope is centered about t h e  
frequency of the sinusoidal signaI, I, whereas the 
peak response of  the pulse e n v e l o p e  always occurs 
a t  dc, or 0 frequency, The pulse may or may not have 
a dc component. However, the component nearest 
dc (at the rep rate) is the highest in amplitude. 

The s ine  wave shown i n  Figure 9 bas the same fse- 
quency, J, as  the sinusoidal  signal i n  the tone burst, 
and hence has  its spectrum centered at I. The abso- 
lu te  invarlance of the continuous sine wave resul t s  
in  a Iine envetope of on ly  one frequency component. 
The narrow-band properties of th i s  continuous tone 
may be a disadvantage in  some applications. It is  
usuaIIy necessary  to make some variation in the  s ine  

wave, a s  f r equency  sweep ing ,  in  order t o  make i t  
useful .  

As shown in Figure 9, the tone-burst spectrum 
has the bandwidth properties of a pulse yet the spec- 
trum can be tuned  to center  at any t e s t  frequency just 
a s  a continuous tone can. The bandwidth of t he  tone 
burst can be adjusted from very wide, impIuse-type 
signals (I-cycle burst) to  very narrow (burst  of many 

cycles). To produce consistent spectra,  the bursts 
mu st be phase coherent, 

The f requency  spectrum a s  we11 as the wave- 
form indicate that the tone burst combines some of 
the use fu l  features of the p u l s e  and the continuous 
sinusoidal tone. The cone burst can therefore be 
u s e d  in  many areas where the other two signals are 
used and :he burst can be  pa r t i cu Ia r ly  effect ive ahere 
the  application lies i n  the wide midground between 
pulse and sinewave testing. 
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Type 1396-A TONE-BURST GENERATOR 

Functions as a phase-coherent gate for nny input tvaveform. ;2Iternrttely pmses nnd blocks a 
seIectcrl number of cyrlcs of any input frequency from dr tn 500 kc/s. 

5 EA T El R E S : Xurnher of cycIes in e:tch burst  and i n t ~ r v s l  betmefn I~umts arc individually adjustabIc. 
- 

Starting and stopping point of the burst is adjustable. 
W L R  TEST TANK SIEHALS 

USES: The TTPE 13964  Tone-Burst Generator is the first 
commercial instrument of its kind; it prnvides an instrumen- 
tntion bridge for the gap between continuous-wzvc tes t~ng  
and ~kp-function, or pulse, testing. T t  iq i(l~x11y suited for 
apphcntions such ns the test and cslillrritior~ t f sonar trans- V C I ~ S  rind 

dupers and amplifien, the  merrsurrrnent of distortion snd 
transient reaponsc of anqliifiers and lou~lspeaker~, nnd routine ~ ~ ~ ~ ~ + ~ ~ w ~ ~ d t ~ ~ ~ , ~ ~ ~ ~  :r:tr:;:: 
ksting of filters and ac meters. Still o t h e ~  uses arc fqund in from wall of terf tank. --- -A 

t,he mensurpment of room acou~tics  and ~utornatic-gain- 
control circuits, in the ~ynthrsis of time tirks on stnnr1:~i-d-tirn~ external equil,ment (if ; trigEer 
radio tmns;~nissiens, and in psychoacoustir ~~lstrurnrnhtion. frolr, mhjc], Lllo5v control of rclxtivc Ijl,ase of the gak and 
DESCRIPTION: A binary sesler is used to estsblish both t l~e  input s~gnxl; the ability tc) UPP S C I I R W ~  input signals for the 
number of cyclcs in a Iturst ancl the t i rnp dttrsltion between gate timing mrl gxtrd signnls; and s tirnerl mode for ~xtremcly 
bursts. Separate front-psncl cnntrols select the nurnl~er of long prriurls llrtivrrti Iw-.ts. 
cycles of tile tining-input signal during which the gate will 'The Tnne-Hurst Genelnstor is also useful with pulse and 
be opened and cIoscd. ~'cdditionfil f ~ a t r ~ r c s  of t ~ c  Tnr~e-Burst aperiudic siknnls. If pulses are npphed to Its input, the Type 
Generator are a s~vitch that holrls the gate open for k~reliniin~rj- 139G-rX perfurms as a word generator or a frequency divider. 

S P E C I F I C A T I O N S  

SIGNAL INPUT (Bimul to be mted) Switching fransienrs: 1.~3s than 140 mV, pto-p, (-40 rlB compared 
Frequency Range: dr to 5(KE kc/s. to ~ n n x l r n u n ~  ~ i ~ n x E  input), xvith 120-pl' lond. 
Maximum Voltage Level: +.7 V I5 V, ms). Output Impedance: 600 R. 
Input Impedance: Approximately 10 kbl. Fating Voltuga Output (s i~nal  for trigger in^ oecillo~cope): Rec- 
TIMING SIGNAL (cz~nnl  that controIs ~ n t e  timing) tangl~!nr r~ ar~fnrrn of appmuirnat~1.v f12 V at 10-kR source 
Frequency Range: rIr to ,500 kc/*. u h v r l  t h ~  ~ n t ~  is rlnsmi find npprriximately -12 V at 20 ki! 
Maximum Valtmgm Level: V. n I i ~ n  t h e   ate is open. 

Minimum Vallags Level: 1 V, p-to-p. GENERAL 

Input Impedance: Approximately 7 kn. Ambient Opermting Temperalur* Q tu 5O"C (32" to 122'F). 
Power Required: 105 t O  125, 195 to 235, or 210 to 250 V, 50 to - Triggetin@: S l n p  aelectahle, trig~er level adjusLqhlr: From -7  ill,O ,p., ,$., upllr,lxlmntPIy. to +7 V. Actsrrorier Supplied: TYPE CAI'-22 Power Cord. 

Af E TIMING: Gateape' and -closed intermls ('fin 'p jr'de~end- 
~ ~ q ~ ~ ~ ~ ~ i ~ l  ~ ~ ~ ~ i ~ ~ d :  ~ : ~ t ~ ~ ~ l  Tour,-e for desirwl frequency ently set f n  2, 4, 8, 16, 32, 84, or 128 cycles (periotls'l nl t i m i n ~  rn and kc/q, signal. Hy means of a v~vus  O N E  slvltch, tntervals can he set to 

1, 3, 7, 31, Fj3, 127 cyrlw, ~h~ gatp-close-l intPrvnlr mn Accessories Awu;j-ble: Relny-mrk dap tn r  (panel height 
also he timed in increments of one period of t i m i n ~  signal from '?( lr') 
I ms to 10 s. Fixed t i m i n ~  erron arp les3 than 0.2 MS. MECHANICAL DATA Convertible-Eench Cnbinet. 
GATED SIGNAL OUTPUT Il-ldtlr H f , i r / l ~ l  I l ~ p r b  P I Ship 1'1'1 

Ih kg f l.l ~ n r l  IO kc/s. 
Eefa-Clomd Outpul: JA+S than 140 mY, ptc-p, (-40 dR) with Spr 1 1 1 ~  Ct N P P I I ~  Rml70 ~ : . F ~ P ~ ? I ~ I I ~ T I ~ P T ,  %lay lgB4. 
maximum signal input. 
Pedestal Output (dc potential difference between open- and r l v -~d -  Cntolog To. U~scsQplion 

gnte output,,: Can he nulled from front punel. Less than 50-lnV 
r l ~ ~ n g e  nl th  line voltage. 

Ib fir] tote-Open o~tpur:  Mnx~rnurn signal levd is +T V. Totnl distortion tn 711 r r r  irr mr~r 
is IPS.: than -MI dB [cornpnr~il to nluxi~riu~~l 1 ~ v p l 1  at 1 kc/s 

I J I  mtn ) Z05 1 51 ) 1W 7n ( 6 H  ) 


