Effect of Load Impedance on

Magnetic Pickup Response

NORMAN PICKERING®

A discussion of operating conditions for the four popular types of magnetic
pickups, together with a series of useful curves showing the effects of re-
sistance and capacitance across the pickup on the over-all frequency response.

Ublo SYSTEMS DESIGNERS and users
A are always greatly interested in

frequency respense; in fact, one
might say that they are ohsessed with
it And well might they be, since nowa-
days it is taken for granted that any
audio system worthy of the name will
lave a frequency-response characteris-
tic which is asymptotic to perfection.
Another more cynical reason has often
been advanced to explain the general
and devoled attention to frequency re-
spouse: it is so easily measured.

The accepted procedure for measure-
ment of this purameter is to apply an in-
put signal of known amplitude and fre-
quency and to measure the amplitude of
the output signal at each frequency. The
difference between input and output sig-
nal amplitudes is the ahsolute gain of
the device, when due allowance for im-
pedance ratio has been made. When all
of these differences have been plotted
against frequency, a frequency-response
curve results, If the device being meas-
ured is an amplifier it is a simple matter
to achieve great accuracy. As soon as
a transducer is involved, however, the
measurements become much less reli-
able, although hardly more difficult to
make.

Transducers

For one thing, absolute gain has no
meaning in transducer measurements.
It is mecessary to settle arbitrarily on =z
definition of gain in order to compare
transducers. For a phonograph pickup,
ior example, “absolute pain” might be:
microwatts output per centimeter per
second r.m.s. velocity at the stylus tip.
Even this i1s incomplete, though, since
no allowance has been made for the
mechanical impedance at the stylus tip,

Whenever such definitions are pro-
posed they usually meet with an apa-
thetic reception for one or more of the
following reasons: 1. It is hard to agree
on units, since metric agnd English units
are all mixed up in the recording busi-
ness. 2. Most enpineers ieel that pickup
efficiency is not important, since ampli-
fier gain is cheap. 3. Absolute gain meas-
urements require much care and some
relatively expensive equipment.
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Fig. 1. Equivalent electrical circuit of o mog-
netic pickup.

Even if we ignore *“absolute”™ re-
sponse, then, how do we determine even
the relative frequency response oi a
pickup to a fair degree of accuracy ? The
mechanical signal source 15 obviously
of prime importance, and for practical
measurements in the field is invariably
a special phonograph record. This rec-
ord may be an ordinary “frequency”
record, a “glide-frequency™ record or
a “sweep-frequency” record. The usual
frequency record comsists of a2 number
of bands of discrete frequencies recorded
at what is hoped is a known amplitude
The glide record traverses the indicated
frequency band at a slow rate, covering
all of the frequencies Letween the start-
ing and the final one. The sweep record
dous the same thing, but at a rapid rate
(usually about 20 times per second) so
that an oscilloscope can be synchromzed
to the sweep rate and the amplitude-
frequency characteristic observed di-
rectly on the screen.

Each of these records is useful—and
cach is subject to considerable error.
The fixed-frequency record is the only
one which can be calibrated, and this
procedure must be carried out on each
pressing if precise results are to he
obtained. The general willingness to
rely upon frequency records indicates a
lack of awareness, on the part of the
user, of the many possible chances for
error in this method of measurement,
yet what is the poor fellow going to do?
About all that is possible is to purchase
a well-made rtecord which shows a
“Hat" light-pattern and to discard it as
s00n as the noise level shows that severe
wear has taken place. With some repro-

AUDIO ENGINEERING e MARCH, 1953

wiandd amaricanrachohistorny com

ducers, at certain frequencies, two or
three playings may malke a particular
band unfit for further use. The mechani-
cal impedance of many reproducers is
such that at very high frequencies with
small stylus radii, inelastic deformation
of the record material may oceur.

Mechanical Response

It 1s not the purpose of this paper to
analyze the situation existing in the
mechanical system of the pickup. It wiil
be shown that whatever the basic re-
sponse of the pickup, however, it will be
altered by the following electrical cir-
cuit, and such modifications may have
a harmful or a corrective effect upon
the frequency response.

It a frequency record is played by a
given pickup, the open circuit response
at the pickup terminals gives the desired
information about the way in which me-
chanieal excitation of the stylus tip is
converted to electrical energy. This, for
lack of a better term, might be called
the “mechanical response” of the picktyp.
This response curve must be added to
the electrical response about to be dis-
cussed to give the complete frequency
response curve of the reproducer.

Electrical Response

Figure 1 gives a very close approxi-
mation to the equivalent ejectrical cir-
cuit for a magnetic pickup connected 1o
an amplifier,

The useful signal voltage is that de-
veloped across Re.

MNetwerk Equations
The total impedance in the circuit is:
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If E is assumed to be unity, the current
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in the cir¢uit is

E

2t = i
Re- s

; L\ [ Bw'LC—ReF:
(RaR.-.+-C.-)+;( o0 )

The voltage across the parallel combina-
tion of € and Rz is {Zs where

Multiplying [ by Zs, the signal voltage
across the load becomes :

Eout=

When € =0, the expression becomes
R
; 2)

i o R o
On inspection it can be seen that the
output voltage in Eq. (2} will fall off at
high frequencies unless Ru is very large
compared to 2xf L. It is not 50 easy to
tell from Eq. (I} exactly what is likely
to happen.

Practical Values

It 15 in order at this point to examine
the equivalent circuit and assign prag-
tical values to the parameters. The user
has no control over Ke and L, so tha
values found in four popular pickups
will establish the region of operation
generally encountered.

TABLE |

Inductance and Resistance of
Typical Pickupa

Pickup k Ro
Audak L-6 0.780 Hy 630 ohms
C. £ RPX-050 0.470Hy 370 ohms
Pickering 140

& 120 0.150 Hy 600 ohms
Clarkstan 0.720 Hy. 1660 chms

Frequency Response with Resistive Load

When the load has no appreciable ca-

pacitive component, the frequency re-
sponse may be caleulated from Eg. (2).
Figure 2 shows the results of such cal-
citlations for a pickup of 150 mullihenries
inductance and 600 ohms resistance. It
will be seen that the response becomes
asymptotic to O-db-per-octave roll-off
at the high frequencies, and this fact
may be used to advantage in equaliza-
tion circnits for pre-cmphasized record
characteristics. It will further be noted
that the low-frequency level of the vol-
tage output is uniformly attenuated be-
cause of the resistance Re of the pickup
coil. This constitutes a practical limit
to the amount of attenuation which can
profitably be done with only a resistor

SRR R i S .
[Ri+ Re— Rua'(2LC + RaC")] + § [0(R'C + ZRoRoC + L - Re&'LC7)

i (1)

across the terniinals. In cartridies which
have a high ratio of L to Rs, more high-
frequency attenuation can be achieved
before low-frequency losses excced a
practical maximum (say 4 db).

Figure 3 shows the frequency re-
sponse for a cartridge with a high ratio
of L to Re. L is 0472 henries and Ko
is 370 ohms. It will be noted that the
effect on low irequencies 5 very much
less than in the cartridge of Fig. 2.

This information gives a good indica-
tion of the nominal “impedance” of the
cartridge. Since the generator imped-
ance is reactive, the load resistance for
flat response will depend on the induc-
tive element. This is usually specified by
the manufacturer to include effects of
mechanical response, but for a working
figure, the nominal impedance of the
cartridge will be the value of 2afL at
w=125x10° (approximately 20,000
cps). At this point the electrical re
sponse will be down 3 db. Figure 4
shows the nominal impedance as a func-
tion of coil inductance. This illustrates
clearly how the pickup with 780 milli-
henries inductance can have a nominal
impedance of 0.1 megohms, although its
d.c. resistance is only 630 ohms.

Eftect ot Capacitance
It is impossible to have a cartridge
connected to an amplifier without hav-
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Fig. 4 Mominal impedance of a mognetic
pickup os o function of coil induttance.

ing some capacitance shunting the
pickup coil. Since virtually all high-
impedance installations have one pickup
lead grounded, it is the sum of all the
capacitances from grid to ground which
is the value of C in Fig. 1.

Referving to Eq. (I}, it will be seen
that C figures prominently in the fre-
quency tesponse of the cartridge, but
since it appears both in the numerator
and in the denominater, and both posi-
tively and negatively, it is difficult to
sec by mspection what the net effect
will be.

Since C always occurs with &, it is
apparent that the factor /2:C is more
significant than the absolute value of C.
It may be of interest to examine actual
installations in order to determine pos-
sible actual values of £ encountered in
practice.

Practical Values of Capacitance

The Miller-effect capacitance of vari-
ous input tubes is listed in Table 11. The
tubes indicated are those usually en-
countered in phonograph preamplifiers
used for magnetic pickups,

The input connection to the preampli-
fier is usually made by means of shielded
wire. The capacitance per foot of vari-
ous types of wire is shown in Table IIL
In addition to these capacitances, there
is enerally an additional capacitance of

|Countinued on page 60)
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Fig. 2 (left}). Curves showing the frequency response of a Pickering D120M pickup with voricus resistive loads. Fig. 3 (right). Frequency response of
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GE RPX-050 pickup with various resistive loads.
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proper operation. Cases are
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MAGNETIC PICKUPS

from 10 to 50 pui in the input wiring,
plug and socket, and switch (if used) in
the mreamplifier.

Frowm all this, it is appareat that a
total shunt capacitance of at least 100
puf is assured for any installation. A
long run of shielded wire between the
turntable and preamplifier with the use
of high-mu triede tubes can easily bring
the total capacitance to 1000 puf or
more. Nearly all practical installations
will fall within these limits. Since niost
values of /%% will fall between 1000 and
200,000 ohms, a worcking range of f:C

[from page 201

cutoff frequencies are shown in Fig. 5,
for each of the four pickups calculated.
For any cartridge at any desired cutoff
frequency the values of R and C may
be read directly from the left-hand
scales.

Figures 6 to 9 inclusive show the ef-
fect of capacitance only on each of the
four pickups. A wide range of values
was tsed, to cover the range from
SO00 ta 20,000 eps in each case. From
all of these curves it will easily be seen
that significant changes in high-fre-
quency response can ocenr as a result
of the capacitance across the pickup ter-

will lie between 1x 107" and 2 x 10, minals
TABLE 1}
Miller-Effect Capacitance of Input Tubes

Tube Type Cug Cor Amplitlcation Total Capacitanee—upf
65M7 16]5) 3.0 4.0 15 63
65L7 34 28 52 159
£517 7.0 .005 100 1.5
&6AUS 5.5 0035 100 6.5
6C4 1.8 1.6 15 25
&63C7 LS 2.0 40 g3
Caleulafi f F R

alewlafion of Frequeney Response TABLE 11

Equation (I} was reduced to a series
of graphs, which weve then used to cal-
culate the electrical response of the four
pickups under various load conditions.
The response calculations were divided
into the following classifications

(1) Ru==, € varied

(2} C fixed, Rc varied.

(3) Re and € closen to provide the
sharpest cutoff at certain frequencies.

Tt will be observed that L and € form
a low-pass constant-K hiter section, and
that it is possible to choose values of ¢
and F: to satisty the relationships:

’it and C

J:f;fi‘ i3 &

The values of R: and C for various

Capacitance of Various Shiclded Wires

Wire Type Capacitance—unf por foor

Shielded hook-up wire 55-70
140 Q. D. Microphone

cable 40
200 O 0 Microphore

cable 25
Heavy duty Microphone

cable 33

The amount of rize at the peak de-
pends, of course, on the () of the circuit.
The various pickups differ somewhat
in that respect. Furthermore, the loca-
tion of the peak depends on the induct-
ance of the pickup coil, for a given ca-
pacitance, In general, therefore, the
higher impedance (hence higher induct-
ance) pickups are more sensitive to
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Fig. 5. Volues of R ond C for vorious cutoff frequencies for the four pickups.
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shunt capacitance effects than are the
lower impedance units

In the very-high-impedance units,
particular care should be taken t¢ re-
duce shunt capacitance, since even 100
or 200 ppf will have a significant effect
on the response above 10,000 cps.

The addition of a shunt resistance
makes it possible to flatten out the reso-
nance peak, but it is not possible to ob-

RELATIVE OQUTPUT - db

AUDAK

Ry=® !

FREQUENCY - cpw

Fig. 6. Response of Audok
vorious shunt capucitances
load of 20,

L-6 pickup with
and a resistive

tain any significant response above the
cutoff frequency

Figures 10, 11, 12 and 13 show the ef-
fects of adding resistance in parallel
with the shunt capacitance. It 1s appar-
ent that a valye of resistance can be
found to give substantially flat response
out to the cutoff frequency, but the up-
per frequency limit is definitely fixed by
the product of coil inductance and shunt
capacitance.

When the values of R: and C satisf
the relationships expressed by Fgs. (3
and plotted in Fig. 5, a low-pass con-
stant-K filter network results. To indi
cate the kind of result to be expected
with each of the four pickups, Fig. 14

RELAYIVE QUTPUT-+4b

FREQUENCY - cps

Fig. 7. Response of GE RFX-050 pickup with
vorious shunt copacitonces. Ro= 20
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Fig. 8 Respopse of Pitkering DI20M pickup
with various shunt copatitances. Ri= o0,

was prepared, using values selected
from Fig. 5 for a cutoff frequency of
5000 cps. As pught be expected, the
sharpness of cutoff varies from umit to
unit according to the ¢} of the coil, This
{2 cannot completely e represented by

where L is the coil inductance and

R the coil and lead resistance. The ac-
tuzal () depends on the a.c. losses (eddy
currents, liysteresis, ete. in the soft-iron
magnetic structures in the pickup) as
well as the d.c. resistances. However, it
was found that in devices of the type
being discussed here, the discrepancy
between calculated and measured re-
sponse was less than the probzble error
of measurement.

To indicate what can be done with
the cut-off filter effect, a single pickup
was previded with four different sets of
terminating R-C combinations selected
from Fig. 3, Fig. 15 shows the results
for 3000-, DUUU 7000-, and 10,000-cps
cutoff frequencies. It will be seen that
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Fig, 9. Respopse of Clarkston pickup with
vorious shunt copocitances. Rp = o9,

the rate of attenuation above cutoff is
very close to 12 db per octave.

In order to check the equations which
were used to obtain the foregoing re-
sponse curves, actpal measurements
were made by two methods: the pickups
were tested on a standard frequency
record, and they were also checked Ly
the simulated-signal method. The meas-
urements made with the frequency rec-
ord gave close agreement up to 10,000
cps, and increasing spread, of a random
nature, above that frequency. This is to
be expected because of the high prob-
able error in this method of measure-
ment discussed earlier.

The sccond method gave complete
agreement between measpred and cal-
culated results. The circuit of Fig. 16
was used.

Conclusion

It 15 evident that the load impedance
across the terminals of a magnetic pho-
nograph pickup will have a great effect

11
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Fig. 10. Response of Audak L-& pickup with

resistances.

Fig. 11. Response of Clorkstan pickup with

shunt copocitonse of 002 puf ond voriaus load shunt capacitance of .00Z pf and vorious load

resistances.

AUDIO ENGINEERING e MARCH, 1853

wiardd americantadiohistory com



=10

100000 oHns | |||

RELATIVE DUTPUT-dt

2
po}3 sboovomms | L1I]
4 20000 0HNS'
5 AQ0O00 OHMS -+
LA
T g el
o00 10008

FREGUENCTY - cpr

Fig. 12. Response of GE RPX.-050 pickup with
shunt capocitance of 002 pf ond vorious load
resistances.

— =1t 51 Emt
PICKERING | | |
— % + ] —
|
+10 T
o =
H
i
5 o —
2 i
= |
8 |
f o o
X il
w 1 NO RESISTANGE
= 2 30000 DHMS |
=201—3 40000 OHMS [ ]
4 5000 OHMS ._..l.l
S 3000 OHMS | [ ”|
] |
000 i " o T
FREQUENCY = cpr
Fig. 13. Respanse of Pickering DV20M pickup

with shunt capacitonce of .005 uf ond vari-

ous load resistances

(e

LN

L1
- 5KG GUTOFF

-

AELATIVE QUTPUT - ot
=

HI_ &
—-— CLARKESTAN 23000 D0ta pt
b —=- AuGaK 2500 o1t 4
PICKERING ATO0 DOET uf
-i=G E 450080 cozeuf
| e S A R DR 6
T . ¥ OO0
-1 10000

FREQUENCY - ep1
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Fig. 15. Curves showing low-pass Filter effect
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on the frequency response of the device.
This effect can be accurately calculated
for a given pickup of known coil resist-
ance and inductance. A resistive teromi-
nation causes a general drop in output
at all frequencies, the loss increasing at
high frequencies. A capacitive termina-
tion causes a peak at a frequency deter-
mined by the LC product, of a2 magni
tude depending on the () of the ecircuit.
A combination of resistance and capaci-
tance will modify the peak, and at one
specific set of values for each case will
constitute a constant-K low-pass fiiter.
When the resistive shunt has a low
value compared to the capacitive react-
ance, the effect approaches that obtained
with resistance termination alene.

The foregoing information can be
used to guard against unwanted modifi-
cations of the pickup frequency re-
sponse, to determine the highest usable
frequency obtainable under a given set
of conditions, to compensate for fre-
quency effects in other parts of the sys-
tem, and to reduce noise from records
hy using the low-pass filter effect

FICHUP UWDER
TEST

H=P 2000
A F

D5CILLATOR

Fig. 16 Connection of equipment to obtoin
respanse Curves shown. Yalues obscrved chech
with those obtained fram frequency records.

REK-O-KUT FIRE

Serjous damage by fire was suffered by
the Rek-0-Kut Company, manuiacturer of
precision turntables, Long Island City,
N. Y. on the night of Janvary 31. Although
production was entirely disrupted for a
short time, the plant was back in opera-
tion within a matter of days, and is now
functioning on a virtually normal schedule.
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For as little as $20
and no more than $120,
your Hi-Fi system

can include the

EXPONENTIAL
Acoustical Labyrinth

CSttotn-(a

LABYRINTH AND
CABINET, {less
wpaaker] In
muheogany or

blonde ook, 9'20

KIT ONLY RL-485,
to omemble your own Labyrinth with
yaur awn spaokar -4 520

12.lnch Comxial
Speaker, $49,9§

15-Inch Caaxial
Speaker, $] ?9,05

STROMBERG-CARLSON

Seund Division

1219 CLIFFORD AYE, ROCHESTER 3, N.Y,
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