
INTERMODULATION DISTORTION 
• N 0 N-LINE AR DIST 0 RT I 0 N affects the reproduction of an acou 

ic signal by introducing component that are not present in the 

original. The effect of the e extraneou omponents is one of annoyance 

to th listener, fir t, b au e they can interfere wi h, or mask, the de­

sired ignal, and second, because they can make he reproduced ignal 

sound unpleasant to he li t n r. 
Both th e effect are ubjective. They are mea urable only by 

psychological techniques and not b any exi ting obj tive e t with 
physical instruments. u h factors a annoyance, ma lcing and loud­

ne s are evaluated sta istically from th re ult of a large number of 
te t on many Ii ten r o give an average ubjec i e impre ion of 

"normal" li ten rs. Much work has been done in this field, par i ularly 

by the P ycho-Acou ic Labora ory at Harvard University, the Bell 
Telephone Laboratorie , some governmen laboratories, and numerou 

other university laboratori both here and abroad. Mu h r main to 

be done, particularly on he fa ·tor of annoyanc , which is affected o 

much by pa t influence , by what one i trying to do at the moment, 

We are finding it increasingly difflcult without extending DO ratings 
to obtain the raw materials and precision components which are re­
quired for the manufacture of General Radio equipment. 

In addition, so many priority-rated orders are being received that the 
delivery of material against unrated orders is becoming increasingly 
uncertain. We are still accepting unrated orders and are doing our ut­
most to fill them, but it becomes more difficult every day. 

The Rating D0-98 can be obtained for the procurement of essential 
equipment by addressing a request to your Contracting Officer if you are 
a prime contractor of a military department. If you are a subcontractor, 
the request should be addressed to the prime contractor, who will in turn 
get in touch with the military department concerned. 

We urgently request, therefore, that, to insure against unreasonable 
delay and to assist us in replacing inventory, you do everything possible 
to obtain and to extend to us priority on any of your unrated orders 
which we may now have or on any new orders which you will be 
placing with us. 
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GENERAL RADIO EXPERIMENTER 2 

and by he time quence of events. In 

addi ion, here i the task of ·devi ing 

sa isf ac ory phy ical te t for u d­

r pr du ing equipment to evaluate f ac­

tor tha can be correlated with the 
re ul s of the p ychological t s ome 

of th possible ph sical t t are con­
sid red h re. 

For many ar he main t t for non­

linear di or ion has been the harmonic 

di ortion t t, whi h aluate th har­

monic component genera ed by non­

linear amplifi ation nd r produ ti n of 

th applied ignal. It ha long been 

r cogniz d, however, that ome sy terns 
wi h very low harmonic di tortion still 

do not ound "right' to the hearer. 

Becau e of thi inad quacy of the har­

monic di t rtion test, intermodulation 

t t have been developed. The fir t of 
these m a ure the modulation of a high­

fr qu ncy one by low-fr quency on 1 

a me hod that give a i factory r ult 
y tern nd has been ad pted 

by th ociety of Mo ion Pie ur and 
T levi i n Engineer ( MPTE). 

ven thi st i inadequate for om 
purpo e , a will be shown later in thi 

ar i 1 , and a hird me hod which 

mea ures th difference on 
by the intermodulation of 

frequency tone ha be n 

produc d 

two high­

d velop d. 

For a ingl t t m thod, hi appears to 
be th m t atisfactory. 

Th ac ptabili y of this t t, which 
i recomm nded by the Interna ional 

Telephonic Con ultativ ommittee 
( I ), i hown by a series of di tor­

tion te s recentl mad on a h aring 

aid. The e e t are di cu ed in erm 

of rating the hearing aid and they ar 

al o used to illu tra e o ible eff ct 
that can cau troubl in other ound 

reprodu ing tern . 
'I hi hearing aid, a high-quality on 

and of ex ellent workmanship, was ob­

tain d hrough th courte y of h Har­

vard niver ity P ycho-Acou ic Labo­

ratory, wh r quality ra ings by ubjec­

ti v te t had b en mad on i . It ha a 

tone control hat permi two etting , 

and the te t pan 1 ra d the quali ·y a 

mark dl poor r wi h the tone control 

in th posi ion than in th B po ition. 

Thi i th r v r of what might be e -

pect d from he frequenc re p n e 
charact ri i for the two po itions, 

which ho a be ter high-frequ ncy re-
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Figure 1. Sound-pressure 
level produced by the 
earphone as a function of 
frequency for the two 
positions of the tone con­
trol. Fundamental and 
harmonic components are 
plotted at the fundamen­
tal frequency. 
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sp nse for the A posi ion. Th curve 

shm the marked re onan e that are 
typi al of hearing aids (see Figure 1). 

T EST CONDITIONS 

The hearing aid wa tested for non­
lin ar distortion by upplying an elec­
trical inpu a the microphone terminals 
from a General Radio T PE 1303-A 
Two- ignal udio Gen rator1• 

The earphone of the hearing aid unit 
wa conne ted to an approximate equiv­
alent of the tandard 2-c.c. coup! r

2, 
u ing an It c Lansing 21B Microphone 
a the transducer. The output of 
the microphon wa analyzed by a 
G neral Radio TYPE 736-A Wave 
Analyzer. In each figure, the levels 
shown are sound-pre ure levels in the 
2-c.c. coupl r, and the operating level 
was selected o correspond approxi­
mately to that for which the quality 
ratings were made. 

HA RMONIC DISTORTION 

The harmonic distortion resul s of 
IA. P. G. Peterson, "An Audio-Frequency ignal 

Generator for on-Linear Distortion Tests," General 
Radio Experimenter, Augu t, 19"0. 

ZA A Z24.9-1949, "American tandard Method for 
the Coupler Calibration of Earphon s." 

MARCH, 1951 

Figure 1 show the t pical r onan e 
p ak normally found in the e measur -
ments. Th y do show tha the di tor­
ti n in th B po i ion is lo' r than in 
th A po ition, which is in the right 
direc ion. Ho' ever, in the region above 
700 c cle , where here i a cliff rence, 
th distortion ompon nts are, in either 
case, 40 to 50 db down from the funda­
mental. They are therefor almost com­
pletely ma ked by the fun am ntal. For 
eith r po ition of the ton control, he 
distortion i in the range of wha 1s 
normally con id r d good quali y. 

INTERMO DULATION 

SMPTE METHOD 

Th re ul ts of ome m a ur m nts b 
the second method are shown in Figure 
2 a a func ion of frequency. A high­
frequency signal and a lower-fr qu nc 

signal were simultan ously applied at 
the input. The output lev ls of thes 
signal are shown for ref rence. In one 
ca e a. ignal of 1 kc wa u d as he 
hjgh-frequency signal, and in another 
the high-frequency signal was 7 kc. In 
general the di tor ion compon nt are 
40 to 50 db below the 1 vel of the de ired 

EQUIVALENT INPUT LEVEL- 70 db BELOW I VOLT 
4: I AMPLITUDE R ATIO 

Figul"e 2. Sound-pl"essure 
level of inte .. modulation 
distortion comp�>nents as 
detel"mined by the SMPTE 
method. Each component 
is plotted at its own 
frequency. Upper curves 
show the level of the <:im­
plified input signals. 
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signals, so far down that they are com­
pletely masked by the desired signals. 
Here again we have no satisfactory in­
dication of serious distortion. 

INTERMO DULATION 

CCIF MET HO D 

The final method of test is the differ­
ence-frequency intermodulation method, 
and some results by this method are 
shown in Figure 3. Two sinusoidal test 
signals of equal amplitude were simul­
taneously applied, and the difference in 
frequency between the two was kept at 
1100 cycles. The amplitude of the un­
desired first-difference component at 
1100 cycles is shown here as a function 
of the frequency of the lower-frequency 
signal. The amplitude of the amplified 
input signals is also shown for com­
parison. 

At low frequencies the distortion is 
relatively low, and this part is in agree­
ment with the harmonic test. But at 
frequencies above 1500 cycles, the dis­
tortion becomes very large for the tone 
control in the A po ition. This result is 
markedly different from that obtained 
by the harmonic test where the distor­
tion at high frequencies was small. Thus 
th harmonic test would lead one to 

4 

assume that the distortion problem was 
mainly a low-frequency one, while this 
test shows that the reall serious distor­
tion occurs at the hio-h frequencies. 

Considered from the viewpoint of 
masking effects, it is clear that this 
1100-cycle component i strongly audi­
ble when input signals above 2000 cycles 
are used. The dissymme rical nature of 
the masking curve at high levels3 makes 
this form of di tortion particularly 
noticeable, because the unwanted com­
ponent is at a lower frequency than the 
desired components. 

Another important point to notice in 
this figure is hat the distortion for 
B position of the tone control is much 
less than for the A position. This degree 
of reduction is sufficient to lead one to 
expect a marked improvement in quality 
when the tone control is changed from 
the A position to the B position. Here is 
the first objective test that has shown 
definite confirmation of the subjective 
result. 

The 1100-cycle difference frequency 
was selected because of the strong re­
spon e peak at that frequency. The 
que ti on then arises: Is the distortion 

3 . . Stevens and H. Davis, Hearing, New York, John 
Wiley & Sons, Inc., 1938, Chapter 8. 
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Figure 3. Sound-pressure 
level of Arst-order in­
termodulation component 
plotted as a function of 
the lower-frequency input 
signal. 
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for other values of difference frequency 

also large? Results for other values are 
shown in Figure 4. The 1100-cycle 
results are reproduced here, and in addi­

tion there are distortion characteristics 
for difference frequencies of 900 cycles, 
1500 cycles, and 2850 cycles. The 2850-

cycle value is also at a response peak, 
but the other two values are away from 
the peaks of response. All show the same 
general tendency of a gradual rise to high 

values of distortion at the higher fre­
quencies, but the distortion components 

in the vicinity of peak of response are 
the most important. 

The results as a function of level for a 
particular pair of input signals are 
shown in Figure 5. At the left is the 
analyzed sound pressure for the tone 
control in the A position and on the 
right, for the B position. The levels of 

the desired signals at 3000 and 4100 
cycles are shown by the solid lines, and 
the levels for the distortion components 
are shown by dashed lines. In both cases 
the level of the higher-order difference 
terms at 1900 and 5200 cycles are small 
compared to the level of the first differ­
ence of 1100 cycles. At the assumed 
operating input level of 70 db below 1 
volt, the 1100-cycle distortion com-

MARCH, 1951 

ponent for the A position is only 4 db 

lower in level than the stronger of the 
two desired components. In the B posi­
tion the level of distortion has dropped 
to 28 db below the strong 3000-cycle 
signal. This 24 db improvement cer­

tainly would be expected to show up in 

a subjective test as a marked improve­
ment in quality, which is in agreement 

with the subject test. 
The results shown have been obtained 

on only one hearing unit, and, con­

sequently, no final conclusions can be 

drawn. But these results are probably 
typical because of the usual over-all 
reduced power handling capacity of 
hearing-aid units at high frequencies, 
and because of the marked response 
peaks occurring in most hearing aids. 

Therefore, it is highly probable that the 
difference - frequency intermodulation 
test is generally the most significant 
non-linear distortion test for hearing­
aid units. 

The foregoing results should not be 
interpreted as indicating that hearing 
aids are low-quality devices. Both the 
performance requirements and the de­

sign limitation of a device to compensate 
for hearing loss differ considerably from 
those of a system to reproduce sound in 

EQUIVALENT INPUT LEVEL- 70 db BELOW I VOLT 

Figure 4. Firsf·order inter· 
modulation distortion for 
four values of difference 
frequency. 
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a ommunication tern. mall iz and 

light "\ igh are sen ial, and the am­
plifier eems unb lievabl mall to the 

ngineer accu tomed to working with 
audi power amplifier . The de irabl 
frequenc r pon e characteri tic is d -
termined b ubje tive e ts whi h, for 
thi produ t, are the ultimate proof of 

on umer accepta ility. 
Th m a urements on the h aring aid 

were made becau of the a vailabl 
p ychologi al data and b cau the elec­
trical setup was simple. This type of in­
ves io-ation should be extended, and we 

hould like to encourage those who ar 
intere t d and capable of doing so to 
pur ue he problem for other communi-

ation lements. In order to encourage 
thi further investigation, a few po i­

bilities are di cus ed below but it hould 
be noted that adequate exp rimental 

proof of th se po i biliti not yet 
available. 

OT HER A U DIO SYSTEMS 

ffects which are similar to those 
hown here for hearing aids occur in 

audio amplifiers, radio r ceiver , public 

6 

addre sy tern , and oth r elec ro-
acoustic devic On of th e i th 
eff ct of resonant peak f response. 
Th e peak of r pon e can exaggera e 
component produced by di torti n to 
a riou d gr e. For exampl , mo t loud­

sp ak r u ed on radio rec iver do not 
have a mooth and uniform re pon 

charac ri tic a a function of frequ ncy. 

The poor characteri tic i mainl a 
r ult of the great diffi ulty, and con-

equently great exp n e, of obtaining a 
bet er charact ri ti . In addition, some 

loud- p ak r ar int ntionally made to 
have markedly higher respon in the 
moderately low-frequency range. Thi 
hump in the charact ri ic giv a typi­

cal boomine that is desir d by some, 
but tha quicl ly become annoying to 
other . ith this typ of r pon e from 
a r producer, one hears a boomin 
as ociated with peech and mo mu ic, 

even when there obviou ly ar no trong 
low-frequ nc tone pre nt in the 
original. It is ea y to see that these com­
ponents can b produced by non-linear 
distortion. The int rmodula ion of two 
higher-frequen y ton produce the 

Figure 5. Intermodulation distortion as a function of input level. The operating level for the subjective tests 
correspon ds to an input level of approximately 70 db below 1 volt. 
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lower-frequency ton a a differ nee fre­

quency. Then becau e f th xagger­
a ed re pon e at the low frequencies thi 
tone can b com r latively s rong wi h 
the a sociated effe d ribed above. 

In mea uring the magnitude f thi di -
tortion, it i nece sary o inclu e th 
loud-sp aker in he m a urements, nd 

an excellent microphon is requir d a a 
pi l up. After determining an v r-all 
re pon e charac ristic, the IF t t 
can be made a a function of f requ ncy 

wi h he diff eren f requ n y t to the 
various maxima in the re ponse har­
act ri ti . 

The extensi e u e of pre-empha i of 
high frequenci in pre ent-day om­
munication y ems has increa ed the 
power handling requiremen s at high 

frequencie . The IF te t is he be t 
for de ermining th eff ct of the pre­
empha is. If intermodulation oc urs 
af r pr -empha i to produc a lower­
frequency diff r nee tone, then this 
component b come mor important 
after d -empha is, since the high r­
frequ ncy de ir d components are re­
duced more in 1 vel th n the und ired 

low-frequency componen . The u ual re­

cording systems of today use pre­
empha i of th high frequencies. But 
most of th m are fortunately arrancred 

to be essentially symm tri al in action 
so that under normal ondi ions very 
little of thi fir t difference component i 
produced. For xampl , th symm trical 

nature of the magnetiza i n charac ri -

tic of magnetic tape is one of the im­
portant factor in it ucce ow ver, 
if an unbalan e o ur in h magnetiza­
tion, either becau e of di ymm tri al 
biasing or re idual -c comp n nt , di -
tortion can o cur to produce a fir -
difference frequency component of a 
magnitude dep nd·ng on h ext nt of 
the di symmetry. This IF est for the 

MARCH, 1951 

first differen e an be a en iti e heel 
on proper biasing, and h te t for th 

e ond diff r nee can b used to how up 
additi nal i tortion 4• 

few radio manufa tur r have at-
mpted to compen a e for poor high­

frequ ncy re pon e in 1 ud- peal er y 
bo ting or pre-einpha izing the high 

fr quen i . This proce is intend d a 
a step oward igh fi lity and in-

d brilliance of r producti n. How­
ev r, the incr a e power handling 

ability that this r quir at hicrh fre, 

quencie i frequen ly no pro ided. Th 
re ult is increa ed di tortion. The char­
acteri ic drop in output at high fre-

u n ies in the loud- peaker then re­

duc s he 1 v 1 of he hig -freq nc 
ignal ompared to any lower-fr -

quency intermodulation omponent . 
The usual r ult i that the radio repro­
duction ounds bett r when the con-

rol are et at a normal positi n ra her 
than at thi so-called "high-fid Ii y" 

po ition. The proper method of checking 

for this type of trouble is by the COIF 
te t with the loud-speaker includ d as a 
part of the y tern. 

Because of non-linearity in the loud­
sp aker su pension and cone mat rial, 
subharmonics can b g nerated in many 
loud- peak r .5' 

6 
The e occur at a 

number of di tin t f requencie , and the 
subharmonic may be som rela i ely 
complicated fraction, for ex mpl , 5/13, 

of the exciting fr quency. Wh n an 
attempt is made o excite subharmonics 
dir ctly, a high power 1 v I mu t be 
u d, and he ubharmonics uild up 
rather 1 wly. B cau e of th" slow 

4L. C. Holme , "Techniques for lmprov d Magnetic 
Recording," Electrical Engineering, ol. 6 , o. 10, 
October, 1949, pp. 36-841. 

SH. •·. Olson, Elements of Acoustical Engineering. ew 
York, D. Van Nostrand, econd Edition, 1947, pp. 167ff. 

6H. H. Hall and H. C. Hardy, "Measurem nts for id­
ing in the Evaluation of the Qu1lity of Loud- peakers," 
Abstract, J. Acous. Soc. Am., Vol. 20, No. 4, J"uly, 194 , 
pp. 596f. 
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build-up, it has been suggested that these 
subharmonics cannot become a signifi­
cant factor in the reproduction of mu ic 
and peech. However, because these 

ignals are complex, other factors may 
enter to make occasional generation of 
subharmonics possible of sufficient mag­
nitude to become annoying. One tone 
appearing in a signal may be at a fre­
quency for which subharmonics can 
occur and it may have associated with 
it a tone different in frequency from the 
first by a value approximately equal to 
the subharmonic. Then non-linear dis­
tortion in the driving amplifier may 
generate enough of this difference fre­
quency to aid in subharmonic generation 
at a level much lower than normal. In 
addition it can produce an initial signal 

8 

to cause build-up of the subharmonic to 
a significant level in a much shorter 1me 
than is otherwise possible. 

EQUIPMENT 

In general an investigation of effects 
of the type described requires a versatile 

signal source. Not only are wo tones 
required for the intermodulation tests, 

but also each tone must be adjustable in 
frequency over a wide frequency range. 
The General Radio TYPE 1303-A Signal 
Generator

1 
provides this versatile signal 

source, and the General Radio TYPE 
736-A Wave Analyzer is a suitable, 
highly selective voltmeter to use as a 
detector for determining the extent of 
the non-linear distortion. 

-A. P. G. PETERSON 
•Loe. cit. 
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