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Signal- To- Noise Problems
and

A New Equalization for Magnetic Recording of Music*
JOHN G. McKNzo_Tt

Ampex Corporation, Redwood City, California

Measuring procedures and specifications currently used in the sound recording industry are
inadequate. A weighting network should be used in objective noise measurement work to evaluate
developments toward a lower noise system.

We know that the ear is most sensitive in the 1 to 6 kc region, and it is possible to use pre-

emphasis in this region. Better signal-to-noise ratio may be obtained in 15 ips magnetic recorders
by utilizing fully their present capabilities. Subjective listening tests show that a system with the

1 to 6 kc region pre-emphasized (the AME curve) is some 7 db quieter than the same system using
the NAB curve, but does not show any audible increase in distortion.

INTRODUCTION high-frequency energy electrically with an equalizer, and

ALTHOUGH the published signal-to-noise ratio figures at least a part of this equalization is intended to compensate
for tape recording systems look impressive, a critical for deficiencies in the monitoring loudspeaker. Therefore,

listening to wide dynamic range orchestral music recorded more high-frequency energy is present on recordings than
on tape reveals that tape noise is far from inaudible, there would be if the original monitoring could be done with
Modern commercial pressings (disc recordings) are quiet a truly flat loudspeaker system. This additional high-
enough that, with few exceptions, the tape noise can be frequency energy increases the problems that exist from
heard above the disc noise, since disc noise is of a different high-frequency overloading at 7_ and 33_ ips.
character, and since the dynamic range is often limited Another deficiency of loudspeakers involves their direc-
after tape recording, before transferring to disc. tional pattern. Since all speakers are more or less directive

at higher frequencies, if the average sound energy in the
Problems Beyond Our Direct Control room at high frequencies is to be kept the same as the

The signal-to-noise problem is aggravated considerably energy at lower frequencies, the high-frequency energy di-
by two situations which are entirely beyond our control, rectly on the axis of the speaker is higher than that in the
First, both studios and "Hi-Fi" fans tend to reproduce middle frequencies, and the energy off axis is lower. If
music at a volume greater than that of the original source, one stands on axis, as many people do, the high-frequency
This, of course, also increases the audible noise level, response (and therefore the audible noise level) is increased.

Second, two deficiencies of loudspeakers are apparent. Also, the noise, which is continuously present, coming from
No loudspeakers are truly flat. The average monitor a small area seems to draw more attention to itself than
speaker used in recording studios has a considerable deft- if the source were a larger area.
ciency in high frequency response. In an attempt to make The problems of response and directionality of the moni-
the sound from the loudspeaker "better than being there," taring loudspeaker have been recognized by the German
the producer or the recording engineer often increases the broadcasting companies, z They have established a standard

acoustic response for the monitor loudspeaker as installed
in the control booth. The speaker which they are using is
said to have a spherical radiation pattern.

* Revised manuscript December 31, 1958. Presented at the Tenth
Annual Convention of the Audio Engineering Society, New York,
October 1, 1958.

t Senior Engineer, Research Division (now Manager, Advanced 1F. Enkel, "Experience With a New High Quality Loudspeaker
Audio Section, ProfessionalAudio Department). for Control Booths", Gravesano Review 9:107_110 (1957).
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6 JOHN G. McKNIGHT

Improving the Signal-to-Noise Ratio of the Signal-to-Noise Measurements

Magnetic Recorder We must first see if present objective measurements are
We may look to improve the signal-to-noise ratio of the really indicative of the subjective signal-to-noise ratio of

magnetic recorder in the following areas: an audio recorder. _ We must think of "sig!aal" as the maxi-
1. The Recording System. mum signal which can be recorded without audible distor-

a) heads tion, and "noise" as the audible noise.

b) bias : Considerhow we presentlymeasurethe maximumsignal
c) amplifiers and the noisein an audiorecorder. The measurementshave

d) type of recording (direct, FM, pulse coding, etc.) been chosen so as to be easily made; little account is taken
e) variable gain systems, of the characteristics of the tape, the music, or the ear.

2. Tape Oxide. (Although this paper discusses magnetic recording, most of
3. Utilization of Available-System andTape, the problems are common to the sound recording industry.)

a) measurement problems
b) equalization. : Signal Measurement

Specifications are based on a sine wave reference signal
THE RECORDING SYSTEM level of 1 or 3 percent total harmonic distortion at 400 cps,

A study of tape equipment shows that, with the presently but in tape recordings of music, distortion due to generated
used direct record system, no significant improvements are harmonics is not usually audible. What we hear when over-
to be made in the construction of heads (cores, windings or recording occurs are compression caused by the tape and
gaps) or the bias supply. The signal-to-noise ratio is not intermodulation. The compression may be apparent in
limitedby amplifiers? eitherof twoways:

Alternative types of recording have not been investigated. First, the over-recorded signal will itself be compressed,
Increased signal-to-noise ratio may be obtained through which is to say that an increasing input level will not pro-

the use of variable gain systems. These systems will not duce a proportionately increasing output level. (Figure 1
be considered in this paper, as they have been extensively shows the tape output vs input for a 400 cps signal at 15
reportedelsewhere,a ips.) ~

Second, at high frequencies, when a signal is over-
THE TAPE OXIDE recorded, not only will the increase of input level not be

The various tapes manufactured in the United States have accompanied by an increase in output level, but the output
different outputs, but the signal-to-noise ratios are practi- level will actually decrease with increase in input level.
cally constant [rom one tape to another. A theoretical (Figure 2 shows the tape output vs input for a 12 kc signal
study of the noise characteristics of tape shows that an at 15 ips with NAB equalization.) This has a secondary
improvement should be possible by decreasing the particle effect: The over-recorded high frequencies cause a reduction
size in the oxide. 4 Thus far, no tape is available which is of output at all frequencies due to effective over-biasing by
interchangeable with present tapes, but quieter, the high frequencies themselves. (Figure 3 shows the tape

output of the 150 cps component of a recording of constant
UTILIZATION OF THE AVAILABLESYSTEM AND TAPE level 150 cps input plus variable level 12 kc vs the 12 kc

input level, again for NAB equalization.)
Any further improvement must be made by improving Maximum program signal is measured with the VU

the utilization of the tape with respect to the characteristics meter; however, it is known the the VU meter takes no
of the tape, the music, and the ear. account of either the total peak energy (see Figure 4 for a

histogram of peak factors vs number of occurrences, and the
distribution of peak factors, from original data) or the peak

2 The weighted noise from a properly designed playback amplifier energy vs frequency in the recorded material (see Figures 8is 10 to 15 db below the tape noise.
3Variable gain systems are discussed in the following references: and 9 below), the overloading (compression) characteristics

J. Havstad, Information Utilizationin Magnetic Recording, Ampex of the tape vs frequency (see Figures 1, 2 and 3 above), the
Research Report No. 105 (October 1957).

R. Vermeulen and W. Westmijze, "The 'Expressor' System for equalization of the machine, or the audible effect of the
Transmission of Music", Philips Tech. Rev. 11:281-290 (1950). various types of overload, Because of this, we find some

H. Fletcher, "The Stereophonic Sound Film System, General studios that need the maximum signal on the tape ignoring
Theory", Jour. SMPTE 37:331-352 (1941). the readings of the VU meter and simply listening to the

W. B. Snow and A. R. Soffel, "Electrical Equipment for the Stereo-
phonic Sound Film System", Jour. SMPTE 37:380-396 (1941). playback of the tape, increasing the recording level until

H. Levinson and L. T. Goldsmith, "Vitasound", Jour. SMPTE audible distortion occurs, and then slightly reducing the
37:147-153 (1941).

W. E. Garity and J. N. A. Hawkins, "Fantasound", Jour. $MPTE
37:127-146 (1941). 5A discussion of these problems is given by Kellogg, "Proposed

4 D. H. Howling, "Noise in Magnetic Recording Tapes", J. Acous_. Standards for Measurement of Distortion in Sound Recording," Jour.
Soc. Amer. 28:977-987 (1956). SMPTE 51:449-467 (1948).
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I,,' based on listening tests. This causes the situation to be
- 2o , very complex, as the results of listening tests depend not

' only on the non-linearcharacteristicsof the amplifier, but
/ I FIGURE 1.

- / __-- I I I also upon the character of the sound being reproduced, upon
-_ f'"'"' TapeOutputvslnpet.400c. -- the acoustics of the space in which the sound is observed,
(_ v3 / / irish 300, Bia-"sed to Give --

2 ._,/ I Ma×imamOutputof,kc. -- and on psychological factors which differ from person to
afl _' [ Signal ("Peak Bias at I kc")0=.'Oper,iingLevel'of_sipe -- person. The result is that there is no entirely satisfactory

/ j StandardZape4494-A2. -- method of objectively defining the non-linear distortion<_ / "Tape Output" is the Reading of

C / anRMS-CaiibratedAverage introduced by an audio amplifier, and several different test
/ Meter. I methods are in common use."

/ I- / We should also ask what level should be taken as the
- "_-,o o .,o .2o .so INPUT,db signal level in making signal-to-noise measurements. One

can argue against any level chosen: one should not use the
steady-state VU meter zero, since the program peaks alwayss

- 2c , ' J exceed zero; nor can a constant be fairly added, since the
,'i fiGURE2 peak factors differ for each type of music; nor should the

,o " J J J overloadpoint of the systembe used,sincethis varieswith
// Tape Output vs Input,12 kc.

u / J [ I I [ { [ L the type of system (tape at various speeds, or disc, etc.)
-- / _ Tape, Bias & Level as Above and with the equalization used. No known single number

g ,_-/-- "x tells us what the audible overload or maximum level of aO

oI // system is; this is a complicated quantity which can be
/" judged only by subjective listening tests.

/
,?/ 0 +10 +20 +30 INPUT, db J J I / I [ [ J [ I I I I I I I I I I I

I t'l I
76 MUSIC RECORDINGS: CHAMBER, SYMPHONIC, POPULAR

,F,GU,,E3,
e _ _ _, Output of 150 C. Component -- 20

t3 _. of a Recording of Constant 4'_ Level 150 c, Plus Variable

_ Level 12 kc. vs the 12 kc. ._ 24 18
(_ -NOTE: Same Curve Applies For _x

-lo 150 e. component at +5, 0, or N Input Level. _ / --<_2213 _>_-- lO j

---10db. _% 'Irish 300,' Peak 'Blit's at I kc J

llJllllllJ 0-- erai,.Level-- --i i I t i r I t / _ 2o --

+$O J INPUT OF 12 ko* . db. x 140 -lO 0 +10 *20 __

....... o z_lq_IGS. 1, 2; 3. ==

recording level, thus determining maximum level. This is g o_

an effectivemethod, but very undesirable since there is no _ ,2 I0 IO _- 8

meter'n recor,ed eve,dev'Ceonthatta e. ccurate'yre,ated,othema ,mum IllllJ --A study of the audible effects of these compression phe- _ ' _ _ I Il Il II

nomena is needed to determine quantitatively which effects - ' I II ii
are audible and at what level and frequency.° Using these - _ j II Il I[ I11 --- 2C 2

I I ldata, we hope to be able to design a peak-reading volume- _ ,_ [ JJ Jill I F'App lause

indicating meter which will have a true correlation between - °o 2 I II III I IIJ1 /J
4 6 8 lO 12 14 16

its reading and the audible overload. _ PEAKFACTOR,db
Terman and Pettig give an excellent discussion of non- o_ j j I I I r I I I t I-- . Distribution of Peak Factors

linear distortion in audio frequency systems. They con- _ _-,o_ [ _

clude: "The ultimate evaluation of the practical signifi- - _._ _ /
cance of non-linear distortion in audio systems must be o /

ch __ O,
0 2 4 6 8 I0 12 14 I$

PEAK FACTOR, db

0 Audibility of distortion is largely controlled by "masking'--the I
phenomenonof the ear in which presence of a lower frequencymay J
make a higher frequency inaudible. Some studies have been done; I

TOTAL NUMBER OF SAMPLES: 76

further work is needed. See Peterson, "Intermodulation Distortion: I I t I

Its Measurement & Evaluation," IRE Convention Record, 5 #7
(Audio): 51-56 (1957).

? Terman & Pettit, Electronic Measurements, (McGraw-Hill Book
Company, Inc., New York, 1952), 2nd Ed., pp. 333-341. FIG. 4.
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this commonmethodofmeasuringnoise.Curve1of Figure

6 shows system spectral noise density (in energy per cycle) °
for one track of a Model 350-2 Ampex stereo recorder re-
producing biased Irish 300 Shamrock tape at 15 ips. The

7ii'*° energy per cycle is constant above 1,000 cps. Curve 2 shows
equipment noise (tape stopped) for the same machine.

..... It is impracticalto try to showa comparisonbetweensys-
tem noise and hearing limits, since the level of the system

il the
noise depends on the dynamic range of the recording and

_ ° on howloudlythe recordingis playedback. The hearing
limits depend on the individuals and on the noise level in
the room in which the playback is made. Also, in general,
the tape noise is sufficiently loud that it is not a question of
whether it is audible at all, but rather how loud the various· j. · · ,,,,, , J · j o ,.,, · · . , ,,,,, ,

zo ' _oo iooo *oooo 2ocoo

_REO........ _............ components of the tape noise sound. Therefore, we have
Fro. 5. chosen to compare the spectral noise density data for the

system to an equal loudness contour of the 40 phon level
A useful piece of data in evaluating maximum program (see Curve 3 of Figure 6). (If the noise is 60 to 70 dboutput is the maximum sine wave output of a tape recorder

vs frequency, referred to the operating (steady-state VU below tape recording level and the maximum sound pressure
meter zero) level. In addition, one should know what input level is i00 to I I0 db, then the noise level will be approxi-
signal is applied to give, say, _ db less than maximum mately 40 db; therefore the 40 phon level is used for corn-
output? The input levels should certainly never exceed parison.) It is apparent that for the 40 phon level the ear

is most sensitive to noise in the 1 to 6 kc region and thatthat which produces maximum (saturation) output. Figure
5 shows, for example, the maximum sine wave output, and noise below i00 cps must be very great before it is audible.
input to produce ¢ db less than maximum output, for one If we compare the system noise and equipment noise on a
channel of an Ampex Model 350-2, at 15 ips with NAB magnetic recorder with the equal loudness contour, we see

why we hear the noise from a tape recorder as "hiss"; and
equalization, why, althoughthe audible noise increasesquite noticeably

One might choose to take as the lesser evil the operating as the tape is started, a flat meter will change only slightly,(zero) level as the signal level, since this is at least a point
which can be found without question or equivocation. Then since it is largely reading the Iow frequency components of
one may present the data for maximum output, and the in- noise, which are inaudible to the ear. It is necessary in
put level to produce this maximum output, to judge whether making noise measurements that are to be significant in

relation to the subjective measurements of noise, to use a
the system has adequate overload capability above this zero weighting network which has a response that is the inverselevel. In this case, one will specify, rather than signal-to-
noise ratio, a figure for noise, so many db below operating of ear response.
(zero) level. Weightingnetworkshave beenusedfor manyyearsin the

The. chief drawback of this type of specification is that measurement of acoustic sound levels and noise measure-
it is common practice in film (but not disc) recording to o

referthe signallevelto a maximumoutputlevelarbitrarily i.
takenas 10db abovethe operatinglevel. Therefore,ratios _._
from the signal level will give "signal-to-noise" data com-
parableto that for discrecording,but 10db worsethan it _
shouldbewhencomparedtoa filmsystemusing10db above _ i_

operatinglevelas the zeroreference. This is not a problem _ _ _
aslongasit isrecognized. _:_ _

Noise Measurement __ r_
Consideralsothepresentmeasurementof noise. A typi- _

cal specificationfor noiselevelon a tape machineis that
all the frequenciesbetween50and 15,000cpsare measured. _

There is no relation between the ear characteristic and _ ....... /. _;o
rnzqtm_cv ll_ CYCL£S PE_ SECOt_

8 See Figs. 1 and 2. The input level for "maximum output" is not FIG. 6.
a unique value, but input level for "just barely maximum" (say
db less than maximum) is unique. This paper does not take into OSee s2.2, "Spectral Noise Density: Standards on Sound Record-
account wave forms at overload; this is material for a separate ing and Reproducing: Methods of Measuring Noise", Proc. IRE 41:
study. Data here are readings from an rms calibrated average meter. 508-512, (April 1953) (Standard 53-IRE 19-S-1).
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+10
RESP6NSE'-FR'EQi3E'N6Y'CHARACTEI_ISTICS' ANti CIfiCUI'FdF'N'ETWORK FOR OBJ'ECTi'VE 'NOiSI_IVIEA'SUREMENT

I.I I i_..  q'lllll
- ASA Characteristic for "A" Curve (40phon)// I I -"- _;;'"l I' k-?'_(I I
'- Tole ranee'f;r .l ove. / I.1-4-i'-- I I II

o i hes;on'_e'o_'C',r;u,t_exowlI I-4_,'dd_._,4...... L. I IF%LII I I IIIII I I..-Y.-_'_-ITII -_-.
I I I II III I _.'r/_..-f II III I '1 l'-J I Ilxll
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/

-30

-4O

Z .3 4 5 6 7 8 91 I S 4 5 13 ? 8 91 .2 $ 41 $ 6 X 8..ol 2

20 Ioo Iooo loooo 20ooo

FREQUENCY IN CYCLES PER SECOND

l_m. 7.

ments? The use of weighted noise measurement for mag- Equalization

netic recorders has been proposed, _ but has not received The ]imiting criteria for designing equalization into a re-

the acceptance that it deserves. Figure ? shows the ASA corder are those of making the pre-emphasis so that the

response characteristics and tolerances for the A (40 phon) system will have equal probabi]ity of over-]oading at ali

weighting curve. Also shown is the circuit and response frequencies, or of making a post-emphasis which wi]] mini-

for a weighting network which can be used from a termi- mize audib|¢ noise from the system. We now want to con-

hated 600 ohm source into a high sensitivity vacuum tube sider how the compromise is made between these |imiting
vo]tmete L for making weighted noise measurements on tape criteria.

recorders, e]ectronics, etc. This curve is within the ASA The present NAB tape equalization curves _' are conveni-

to]erance, but more closely resemb]es the inverse of the 40 ent curves which give constant over-aH response through the

phon ear curve than does the recommended ASA weighting tape machine, using simple networks both in record and in

response, p]ayback. The design at 1S ips has been very conservative

]t is possible, then, to find a number (namely the 40 with respect to overload capabi]ities, but the signal-to-noise

phon weighted measurement) which is c]ose]y proportional ratio has not been adequate. Greater attention to the char-

to the subjective noise ]eve] of a system. This can be given acteristics of the ear, the tape, and the music should provide

as so many db be]ow the normal VU meter zero ]eve]. a system with adequate overload characteristics and greater

signal-to-noise ratio.

10-Sound Level Meters for Measurement of Noise and Other
Sounds", Amer. Standard Z-24.3 (1944).

11 "Standards on Sound Recording and Reproducing, Methods of 12 Lennert, "Equa]ization of Magnetic Tape for Audio & Instrumen-
Measurement of Noise", Proc. fRE 41:508-512 (April 1953) (Stand- tation Applications," Trans. fRE, AU-I n. 2. 20-25 (March 1953)
ard 53-IRE 19-S-1). A]though they consider many noise measuring and Snyder and Havstad, "Equa]ization in Direct Record. for Audio,"
methods, on]y the broadband system noise method is commonly used. fRE Convention Record 4 #7 (Audio & Broadcast): 135-141 (1956).
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I { {{][l[I
SOME SAMPLES OF SPECTRUM ANALYSES OF TAPE RECORDINGS

{ 1 ILI Illl
28 Channel Peak Reading Voltmeter, Operating FromOne-Third Octave Filter Set.
Gain Set in Each Case so That vu Meter Read Zero on Peaks

!

-{0 \

Beethoven: Symphony No. 6, 4th Mvt. ("Storm") Pittsburgh Sym.,

(Capitol); Full Orchestra, Loud

Berlioz: Syrnphonie Fantastique, 4th Mvt. ("March to tim Scaffold")

-30 San Francisco Sym. Orch. (Original by H. Lindsay) Full Orchestra, Loud

Moussorgsky: Pictures at an Exhibition, Final Chord of "Great Gate At Kiev",
Stanford University Orchestra, (Original by Author) Full Orchestra.

[
Bach: Brandenburg Concerto #4, 1st Mvt., a Chamber Orchestra at Stanford,

(Original by Author) 2 Recorders, 3 Vn, Vg, Ve, Ve, Harpsichord.

............ Karg-Elert: Now Thank We Our God, Stanford Church Organ, (H. Nanney)

(Original by H. Lindsay) Pipe Organ, Loud.

I I
z j 4 s 6 r e s r · J , 4 ,_ z :, s 9 _ z z 4 _ 6 r e_t

20 I00 IOOO Ioooo 20000

FREQUENCY IN CYCLES PER SECOND

Fro. 8.

This problem has been studied previously for stereo- curve of peak pressure vs frequency quite arbitrarily and
phonic sound on film systems 13based on the Sivian, Dunn then find some selection of recorded music which will look

and White paper on spectra of musical instruments and or- like this, due to variations in the composition itself, the
chestras. TM This work was for a film system for theaters and instrumentation, performers, recording studio and micro-
it is of relatively little direct value in tape recording, but phone techniques. Even without many microphones close
the philosophy is similar. They, like us, appear to have to the instruments and high frequency equalization in the
done little in determining the audible effects of the various recording console, the energy in the one-third octave at
types of overload which may occur in recording. We hope 12 kc may be greater than that in the one-third octave at
to investigate these effects more carefully at a later date. 400 cps, or it may be lower than 35 db less than the energy

The data in Sivian, Dunn and White for ratio of peak at 400 cps. Figure 8 shows some sample spectrum analyses.
pressure to average total pressure for music, show that for (There is no 'such thing as a "typical" spectrum analysis.)
the three different musical selections performed by the same Figure 9 shows the maximum and minimum limits of peak
group the energy distributions are considerably different, energies in 76 recordings which all read zero on the VU
This led us to a more complete study along the same gen- meter.

eral lines. It confirmed our worst fears--one can draw a Although these new studies show that some material will
have considerable energy in the high frequency part of the

la John C. Steinberg, "The Stereophonic Sound Film System, Pre- spectrum, we note that not all material has appreciable
and Post-Equalization of Compander Systems", Jour. SMPTE 37: high-frequency energy content. Since the ear is most sensi-
366 (1941).

14Sivian, Dunn & White, "Absolute Amplitudes & Spectra of Cer- tive to noise in the 1 to 6 kc region, it is desirable that the
rain Musical Instruments & Orchestras", J. Acoust. Soc. Amer. 2: pre-emphasis be such that the overload in the 1 to 6 kc
330 (1931), and the later discussion of this paper, Young & Dunn, region shall occur first, but only just before overload at
"On The Interpretation of Certain Sound Spectra of Musical Instru-
ments,, J. Acoust. Soc. Amer. 29:1070-10.73 (1957). lower frequencies. If this criterion is fulfilled, then we will
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[-EcT',_4-' ' ' '''_ d ' ' ' 'J''' ' ' ' _ ''"' ness curve for the 40 phon level (Curve 3) and the noiseSPECTRUM ^NALyS S: LIMITS OF PEAK ENERGY FROM 76 SA_4pLE S RELATIVE TO ZERO vu READ NG --

' }-- r}._Id _i rPP i P , ,'_ _F]i , r i i Pi i r, spectrum with the NAB equalization (Curve 1). The audi-26 Ch_nel Peak Reading Voltmeter, Operating From One-Third Octave Filter ,Set.
Inaludes Recordings of Chamber, Symphonic, Band, Pipe Organ, Choral, and Popular Music.

Frot--{ rro,O_,_.............................................................. ble noise should be greatly decreased, and listening tests
Symphony; _d Other Miscellaneou_ Groups, argl Studio Recordings Co_tesy of Capitol, __

, _.............................. show that this is the case. It was necessary to attenuate

_[-U-LI 1%_;,_/,,,__... :_:_,_ t I {I I I [ the NAB channel by 7 db to have its audible noise equiva-

¢_1_r_,//_//,/,_,_,/,___!{_¢'i_y,'////,//,/_,_,//_/J¥//_/F_w_,////,_ lent to that of the test equalization.
m Y / /" ' '_;.-'_. __¥':y/ ///_///_x/_d2 Figure 13 shows the data for maximum output, and input
[_1 _' '/ '_ *,V/Y/,4' I//I I IIY,,q/__////,'/_/____4'///,,/_/_'_m,_/7/; to produce _ db less than maximum output for the test

t,,_-*,-p-a,,_ tw-_u is the same as the finally used AME
-_o[ I _!>?_¢_:'_/ _5_;_' pre-emphasis), and also for the NAB pre-emphasis (from

· 11

!
......... d_

FReqUenCY IN CYCLES PER SECO,'/D _ _

l¢IG. 9. _._ '_ '_

have a pre- and post-emphasissystemwhichis as near to !!.,o '°_ '
ideal as can be practically achieved. Obviously, no one o,_ _:
systemis idealforallmusicrecordings. _'_

Figure 10, Curve l, shows the recording pre-emphasis
curve proposed for test, compared to NAB Curve 2. The _
shapeof this newpre-emphasiscurveis unusualin onebasic __....
respect: The common pre-emphasis curves rise at 6 db per ',?
octave from some transition frequency. There is only one _ ............................zo ,oo ,ooo ,oooo ' _oc_o

variable, the transition frequency. This gives a family of _m. 1_.
curves as in Figure 11. For pre-emphasis at lower frequen-

cies, the high frequency pre-emphasis is excessive. The Figure 5). The two maximum outputs should differ by the
newer curve uses two transition frequencies giving a "shelv- amount, of difference shown in Figure 10 for the two pre-
ing" effecOa (Figure 10, Curve 1). Therefore, we can con- emphases. (Small differences in the two channels used for
trol both the frequency at which the pre-emphasis starts and making measurements cause a slight discrepancy in the
the maximum amount of pre-emphasis. The test pre-
emphasis gives considerably more pre-emphasis in the 1 to
6 kc region, but essentially the same pre-emphasis in the
l0 to 15 kc region. When this record pre-emphasis is used,
the noise spectrum in playback would be as shown in Figure
12, Curve 2. Also on this same figure are the equal loud-

........!iJ........................I{{IIIIL:,
I

FIGURE 0. fl= e f2 · *. _

' °1 FAm_OkPa_-E_H^SXSCURWS, J'"'l Ill /_
, H VIN I L_ I" ;Sq

/{l/l/
FREQUENC_ IN CYCLES PER SIiCOND

· ,o Fro. 13.

°L---l-d-l*' ',',I [ // I[ frill t / I It I Il [ maximum outputs; likewise for the two maximum inputs.)
I I I ['°'_'" ! ! ! ?:'/:.'?? .....?% ."°?!'!'_; ; While we were using this first test pre-emphasis, some
zo mo ooo ooco _oooo

_,,_................... high frequency noise was still audible and a second test
l_ms. 10, 11. pre-emphasis was devised (see Figure 14). This was similar

to the first pre-emphasis, but used an even greater pre-
_ A slight additional boost is added above 10 kc to compensate for emphasis above 5 kc. Tests made with this pre-emphasisamplifier and record-head losses.
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I I 1 l llll ! and less pre-emphasis in the 5 to 15 kc region. In doing so,
the signal-to-noise ratio would be decreased slightly, but the

I I ! 1!{!! __ high-frequency overloading characteristics would be consid-s_c[_iiisi_..... i°Mi^]_*[i ....... i ...... !.!l__ erably improved. Further studies at7_ ips have not been

.,o conducted.

APPLICATION

.,o Sincethe AMEcurverepresentsa large deviationfrom

! ,__ _---__-itl_ i'"' the NAB standard curve, and since it appears that the onlyo __ customers who are dissatisfied with the present signal-to-

_ noiseratio are the companiesmakingsound recordingstobe released as phonograph records or pre-recorded tapes, we
have felt it undesirable to propose this change of equaliza-
tion for general use by broadcasters and general users. We

.............................. do feel, however, that the gains are appreciable for those

............ userswho are critical in their requirementsfor signal-to-FREQUENCY IN CYCLES PER SECOND

Fla. Id:. noise ratio.

showed _that severe high frequency overloading occurs be- ACKNOWLEDGMENTS
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usable at 30 ips. severalinterestingdiscussionsof the problems; and Charles

A variety of recordings have been made with the first test Posey for help in constructing and testing the apparatus in
pre-emphasis curve (record pre-emphasis Figure 10; noise the experimental evaluations.

, Figure 12, Curve 2; maximum output Figure 13, Curve 3);
they include live recordings made of the Stanford Univer- Er>iTo_'s NO_V.: This is the first of two articles on this
sity orchestra, the San Jose State College band, and some subject by Mr. McKnight. The second is scheduled to ap-
studio sessions of popular music at the RCA New York pear in the April, 1959, JOURNAL.
studios. 'The recordings of symphonic-type material all
show appreciable improvement in the noise level with the

new equalization. Neither the symphonic- nor the popular-
type material had audible overload of any sort with the
test pre-emphasis.

It would be very desirable to make further studies to
determine what distortions are audible and how one can
make a meter which correlates with these audible distor-

tions. Since these recommended investigations will take
quite a While, and since this first test pre-emphasis has
worked very satisfactorily and is apparently as much pre-
emphasis as could safely be used, the Professional Products IHE AUTHOR
Division has adopted this first test curve as their Ampex John G. McKnight, who was born in Seattle in 1931, stud-

Master Equalization (AME) curve to be used for 15 ips ied at Stanford University and received his B.S. in Electrical
recording of masters by studios. Engineering there in 1952.In 1953 he worked with Ampex Corporation on the develop-

The further pre-emphasis which is used in the AME curve ment of cinemascope-stereophonic sound equipment. After
was possible because full capabilities of the tape were not several years of other work, he returned to Ampex, where he

being used at 15 ips. Brief tests were conducted to see if is now Senior Engineer in the Research Division. He spent
these principles of utilization could be applied to 33_ ips the years 1953-1956on the engineering staff of the Armed

Forces Radio Service in New York. At the same time he

recordings, but it was quickly found that even the standard worked as development engineer for the Gotham and the
pre-emphasis curve at 33_ ips caused noticeable overloading. Narma Audio Development Companies. He has always been
Brief tests at 7z_ ips indicate that it would not be possible interested in the problems of magnetic recording, specifically

to get better signal-to-noise ratio at 7z_ ips than with the as they concern music.
present equalization. It would, however, be possible to use Mr. McKnight is a member of the Audio Engineering So-

slightly more pre-emphasis at 7_ ips in the 1 to 5 kc region ciety and an affiliatemember of the IRE.


