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·The Frequency Responseof Magnetic Recorders for Audio*
JOHN G. McKNIOHTf

.... Ampex Pro/essional Products Company, Redwood City, California

The total frequency response of a magnetic tape recorder depends on the amplifier responses,
the heads, and the tape. Response standards have been established by NAB and CCIR for the
reproduce chain, using an "idea? reproduce head and a prescribed post-emphasis. Techniques are

discussed and data shown for calibrating the reproduce chain; the ideal reproduce head is physically
realizable.

The only standard for the.record chain is that it must produce ,tapes which reproduce properly
on a standard reproduce chain. Data show that the frequency-dependent response loss of the

record chain may be made negligible. A record adjusting tape was chosen, and the required pre-
emphasis derived.

Wavelength-dependent losses are appreciable; their causes are briefly discussed and found to
be inherent in the tape and record heads used at the present state of the art.

I. 'INTRODUCTION This paper will be primarily from the viewpoint of the

NFORMATION on the total frequency response o.f a standardization and engineering design points above, for
magnetic recorder is useful for several purposes: which purpose the analysis is most clearly presented by
1. For standardization of reproddce response, in order to organizing into reproduce and record losses. This paper

adhere to the established NAB or CCIR response for mag- generally follows the work of Bick 2 and that of Lennert, a
netic recorders, both in production recorders and in stand- bringing the data up-to-date and supplying more data
ard alignment tapes, specificallyrelating to present-day Ampex heads and tape.

2. For general engineering design purposes, to enable II. ANALYSIS OF THE "IDEAL" SYSTEM
one to reduce or eliminate frequency response losses in
equipment design; and also so that equalizations need not The NAB (and also CCIR) standards for frequency re-
be redetermined each time equipment is designed, sponse in magnetic recording 4 are based on the concept of

3. For purposes of analysis , to evaluate the various an"ideal" reproduce system, plus a certain prescribed stand- _---
ard post-emphasis. After the ideal reproduce system isfrequency-dependent and wavelength-dependent response

losses, and to attempt to identify their causes, established, pre-emphasis is determined by measuring the
Total frequency response losses in the magnetic recorder ideal record response, applying the standard post-emphasis

may be analyzed by either of two methods: the first, by to the reproduce system and designing the pre-emphasis to
reproduce and record losses; the second, by frequency- make the total system flat. Since tape and recording losses
dependent and wavelength-dependent losses._ vary, there is no such thing as a "standard" pre-emphasis.

The ideal system is defined here (in accordance with the
*Revised manuscript received April 22', 1960. Presented in part NAB and CCIR standards) as one wherein a constant input

October 7, 1959 a.t the Eleventh Annual Convention of the Audio voltage to the record system vs frequency will cause a con-

Engineering Society, New York. stant flux to appear at the recording gap, which records a
Manager, Advanced Audio Section, Audio Products Division.

1Frequency-dependent losses will be called simply "frequency-
losses," and are those losses which vary with frequency for a constant 2 j. D. Bick, J. Audio Eng. Soc. 1, 4-9 (1953).
recorded wavelength; they are electrical effects such as amplifier re- 3F. G. Lennert, Trans. IRE-PGA AU-l, 20-25 (1953).
sponse, self-resonance of head windings, and eddy current losses in 4 NARTB Recording and Reproducing Standards, Sec. 2, Magnetic
cores. Wavelength-dependent losses will be called simply "wave- Recording (June, 1953). CCIR, Recommendation No. 135, Stand-
length-losses," and are those losses which vary with the recorded ards of Sound Recording for the International Exchange of Pro-
wavelength on the tape, for a constant frequency; they are effects grammes, single track recording on magnetic tape. Documents of the
related to the tape velocity and the mechanical dimensions of the VII,th Plenary Assembly, London, 1953, Vol. 1, pp. 170-183. The
heads and the :tape, such as reproduce gap loss, record process reso- "short-gap" method is used in _this paper. The reproduce response
lution, tape thickness loss, and head-to-tape spacing loss. Recorded ' discussed here for 7_ ips is an Ampex standard and has been pro-
wavelength is defined as the velocity of the medium during recording, posed as an NAB standard, but it has not as yet been accepted by
divided by the recording frequency. NAB.
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