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aevices sucn as arrenuarors, 
lay lines. Finally, of course, 

nirers, anu ue- 
a square wave 

generator is an excellent device for testing 
audio systems. 

The new -hp- 211A 1 cps - 1 megacycle 
square wave generator has been designed 
I 
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Fig. 1. New -hp- Model 21IA Square Waue Generator 
operates from 1 cps to 1 megacycle, has only 20 millimi- 
crosecortds rise time from fast output. A second output 

provides up to 55 volts peak-to-peak. 
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The quality of the generated waveform 
is nearly ideal, even at the highest repeti- 
tion rates, as can be seen in Fig. 2. At a repe- 
tition rate of l megacycle, the rise time is less 
than one twenty-fifth of the wave duration, 
while the wave top is free from overshoot or 
undershoot. At low frequencies the top is 
free from droop. 

The second output from the generator 
provides 55 volts peak-to-peak from a source 
impedance of 600 ohms. The rise time of this 

(Continued on back page) 

Fig. 2. Oscillogram of fast outpat from -hp- 21 1 A when 
operating at repetition rate of 1 megacycle into a 75-ohm 

resistive load. 
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Some Effects of Waveform 
o n  VTVM Readings 

(Continued from previous issue) 

THIRD HARMONIC W I T H  
AVERAGE-READING METERS 

A wave consisting of a fundamen- 
tal and the third harmonic causes 
considerably greater variations in 
the reading of an average-reading 
type voltmeter than does a wave 
with second harmonic content. This 
is shown in Fig. 5. Whereas the 
reading of the meter on a wave con- 
taining second harmonic is always 
lower than the rms value, the read- 
ing with a wave containing third 
harmonic can be either high or low 
for harmonic contents up to amounts 
as high as 75%. 

In the case of a wave having third 
harmonic, the maximum area under 
the complex envelope and thus the 
maximum meter reading occur when 
the harmonic contributes the area 
of an extra half-cycle (Fig. 6{a)) of 
the harmonic to the total waveform. 
This situation determines the values 
of the upper boundary of the shaded 
area in Fig. 5. The minimum aver- 
age area occurs when the harmonic 
subtracts the area of one-half cycle 
of its waveform from the funda- 

mental. This determines the lower 
boundary for the shaded area for 
harmonic content up to 33f%. 

For more than 33f% third har- 
monic slope reversals occur as before 
and the extra added area causes the 
lower limit to begin to rise. 

The calculated data in Fig. 5 were 
verified experimentally in a manner 
similar to the verification for Fig. 3. 
The results are plotted in Fig. 5. 

Not only does the third harmonic 
cause greater variations in the meter 
reading than the second harmonic, 
but, it will cause greater variations 
than any other harmonic. The ex- 
tremes of error with “small amounts” 
of odd harmonics are given by the 
percentage of the harmonic divided 
by the order of the harmonic. “Small 
amounts” of harmonic in this case 
can be defined as percentages less 
than 100/n where n is the order of 
the odd harmonic. 

It should be noted that, for typi- 
cal amounts of this worst harmonic, 
the third, the accuracy of an average- 
reading meter is still good. Third 
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Fig. 5 .  Calculated limits of absolute average ualues of waue 
consisting of fundamental with uarious amounts of third 
harmonic. Small circles show experimental verification of  

calculated data. 

harmonics  u p  t o  
1096, for example, 
can cause errors of 
up to only 3.3%. 

COMBINED HAR- 
MONICS W I T H  
AVERAGE METERS 

When more than 
one harmonic  is 
present in the ap- 
p l i e d  wave, t h e  
m a t h e m a t i c s  of 
each case becomes 
more complicated 
and the number of 
cases is increased 
tremendously. As a 
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Fig. 6. In-phase (a) and out-of-phase ( b )  
third harmonic. In phase relation giues 

more accurate readimgs. 

result no analytic study of the situa- 
tion has been made. 

Some experimental data have been 
compiled, however, for the case of 
combined second and third harmon- 
ics with various amounts of funda- 
mental. This case is of interest in 
distortion measurements made by 
the fundamental rejection method. 

The data are shown in the second, 
third, and fourth curves of Fig. 7 for 
waves containing second and third 
harmonics in various ratios of funda- 
mental from infinite fundamental 
(i.e., zero harmonics) to zero funda- 
mental (i.e., infinite harmonics). 
The shaded areas represent the ex- 
tremes of readings (as per cent of 
true total rms) obtained as the phase 
of the fundamental varied with re- 
spect to the harmonics. For these 
curves the second and third “har- 
monics” were adjusted to be off 
frequency with a slow beat of ap- 
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Fig. 7. Data showing effects of harmonics in various amounts and combinations on auerage- 
reading type uoltmeter. Curves for 2nd only and 3rd only on both halves of figure are calculated 
and experimentally confirmed as exfilained in text. Note change of scale in right half of figure. 

proximately 1 cps. Then the funda- 
mental frequency was adjusted to 
beat at 0.1 cps with respect to this 
combination. The extremes of de- 
flection were then noted during the 
course of many complete cycles of 
the lowest beat frequency. The data 

obtained are plotted as the limits of 
the shaded areas. The shaded areas 
thus give the extreme errors for all 
relative phases of the fundamental 
and second and third harmonics. 

These curves show the tendency 
of an average-reading meter to read 

low on complex waves. When the 
input consists of many inharmoni- 
cally related sinusoids, the error ap- 
proaches that for gaussian noise, 
which is about 11% low as will be 
shown later. 

(Comcluded in next issue) 
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vwnt of -hp- 21 1 A Square Wave Generator. 

ETCHED CIRCUITS c 
Physically, the generator is con- 

structed with much of its wiring in 
the form of etched circuits, a type 
of construction which gives special 
advantages in a generator of this 
type. Besides simplifying the layout 
and reducing physical size, it re- 
duces stray capacities and stabilizes 
those that do exist. This results in 
simplified maintenance procedures 
because, for example, the peaking 
coils in the circuit do not require 
adjustment and it has been found 
iinnerecwtv to make them gn ad- 


