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This invention relates to a magnetic pick-up 
device of the type adapted for response to a mag 
netic ?eld, and has especial relation to magnetic 
pick-up devices adapted for picking up signal 
energy from telephone systems as for the purpose 
of coupling a phonographic recorder or .loud 
speaking system to a telephone. 

It is an object of my invention to provide a 
magnetic pick-up device having an improved em 
ciency. 

It is another object to provide an improved 
magnetic pick-up device which is selectively re 
sponsive to magnetic ?elds oi! different diver 
gence-that is to ?elds originating from sources 
at di?erent distances. 

It is another object to provide a selective mag 
netic pick-up unit the parts of which do not re_ 
quire to be individually adjusted 0r positioned rel 
ative to the magnetic ?elds which are to be se 
lected between. ' ' 

It is another object to provide a selective mag 
netic pick-up device in a unitary form which does 
not require a critical positioning of the unit rela 
tive to the magnetic ?elds which are to be selected 
between. 

It is a further object to provide a magnetic 
pick-up unit which is effective, when placed ad 
jacent to a telephone box containing the standard 
telephone induction coil, to pick up signal energy 
ircm the telephone system with an improved sig 
nal to noise ratio. ‘ ' 

It is a still further object to provide a magnetic 
pick-up unit which isespecially adapted for con 
veniently picking up telephonic voice signals from 
hand combination telephone sets. 
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Magnetic pick-up devices for inductively cou 
pling electrical apparatus such as a phonographic 
recorder or loudspeaking system to a telephone 
system are well known in the art. Ordinarily 
these pick-up devices are placed on or adjacent 
to the telephone box where they will be linked 
by the stray ?ux oi the standard induction coil 
of the telephone equipment. The telephone box 
may be either on the wall or within the base por~ 

tion of a desk set such as is the case with hand combination set commonly used. In either 

case though the magnetic shielding provided by 
the box container prevents eiilcient coupling of 
the pick-up device with the telephone system 

“stand, as a result, a low level of signal pick-up is 
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Other and allied objects of my invention will . 

more iully appear from the following description 
and the appended claims. 

In. the description of. my invention reference ‘ 
is had to the accompanying drawing of which: 

Figure l is a side view, partly broken away, 01' 
a hand combination telephone set showing the 
pick-up device oi my invention associated there~ 
with. for picking up signals from the telephone 
induction coil; 
Figure 2 is a perspective view showing a proper 

positioning of the pick-up coils 01' my device rela_ 
tive to a telephone induction coil; 
Figure 3 is a top plan view, with parts broken 

away. of the pick-up device according to my in 
vention; . 

Figure 4 is an enlarged fractional sectional view 
taken on the linu 4-4 of Figure 3; and 
Figure 5 is a schematic circuit diagram oi.’ my 

pick-up device and oi’ a typical load therefor, 
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obtained. In fact, often stray fields or electrical" 
machinery or apparatus in the vicinity are com 
parable in strength to the available signal held 
from the telephone system, and noise pick-up is 
a serious problem. _ To subdue however the noise 
pick-up, there has been provided a magnetic pick 
up device 0! a dual i'orm comprising two electri 
cally connected but separately positionable pick 
up coils. One of these coils is placed in the sig 
nal ?eld from the telephone system but the other 
is placed substantially out of that ?eld and so 
oriented with respect to the noise ?eld as to new 
tralize the noise ?ux-currents picked up by the 
other coil. 
Magnetic telephone pick-up devices as hereto~ 

tore provided have however not been very satis 
factory in that they have been wanting for a bet 
ter signal to noise ratio of pick~up~this being 
especially true when picking up from a closed 
core type of telephone induction coil-and have 
been large and bulky, making them di?icult to 
mount. Moreover, it'has been a disadvantage of 
those of the dual form that they have required 
a separate and critical relative positioning of the 
pick-up coils. I have found howeverithat these 
de?ciencies can be largely overcome by the use 
of long slender solenoidal type coils. These coils 
are wound on magnetic cores which have their 
several dimensions in cross section substantially 
equal, or varying at most by no more than a ratio 

‘ of 2:1. Preferably, I use magnetic cores having; 

sectional area. as at least 
a large ratio of length to square root ‘of cross» 

of the order of 15 but 
preferably more, and apply windings'on these 
cores having a radial thickness not substantially ' 
greater, but preterablyless, than the dimensions 
in cross section of the cor , the cells having a 

- ratio or length to outside diameter which is at 

so that I am enabled to obtain 
least 01’ the order 01 ,5. With such coils. I ?nd 

an improved coeiii 



cient oi coupling with the induction coil, whether 
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thatcoilbeinahandcombinationsetorwali. 
box, or oi the substantially closed core type, and 
thatlamespeciallyenabledtorealiseasmall 
pick-up device -in a unitary iorm which has a 
substantially improved pick-up ratio oi signal to 
noise without need ior separate positioning oi its 
several coils or of critical positioning oi the unit 
as a whole. 
In a preierred iorm oi my invention shown in 

Figures 3 and s, which is oi the dual iorm above 
noted, there are provided two coils I and la. 
These coils are made substantially identical, with 
in the tolerances oi ordinary manuiacturing prac 
tice, and are mounted on laminated cores I and' 

Each coil ' 2a made for example oi silicon steel. 
is covered with a iold oi electrostatic shielding I, 
as oi tin ioil, but the overlapping ends oi the toil 
are separated by an intervening sheath oi insu 
lation-l, as is indicated in" Figure 4, this being 
done so as not to place a short circuit around the 
coils. Purely by way oi. example. the pick-up 
device will be considered to work into an unbal-' 
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anced load circuit, as into the input of an elec 
trical ampli?er, in which case connection may 
be made to the load by a shielded single con 
ductor lead I oi which the shield Q’ is utilized as 
a ground return connection, this shield 0" being 
connected by a lead ‘I to .one oi the coils. By 
suitable connections not herein necessary to show, 
the shield I’ is also connected to the coil shields 
Iandtotheccresl andla. 'I‘hecoils l and is 
are ?xedly held in substantially axially parallel 
relation by a non-magnetic cross-piece II and 
respective clamps II, the clamps being insulated 
from the coils by insulation wrapping: II and 

, arranged so as not to shcrt-circuitthe coils. This 
coil arrangement is mounted in a thin-walled 
non-magnetic container it, made as oi plastic, 
and is held therein by a screw ll, the container 
having any suitably removable cover piece ii and 
side opening it through which the shielded con 
ductor I passes. The laminated cores 2 and la 
terminate respectivelyinto‘ shoes i1 and i‘la at 
thecoilends,andtheseshoesaredisposedradi 
ally oi the coils in parallel relation to one another 
andextendatleastasiarastotheperipheryoi 
the coils for contact with the cover oi the con 
tainer ll. ‘ . ‘ 

The pick-up'ccils i and is are to oppose one 
another as magnetic pick-up elements, and may 
be connected either in series or in vparallel ar 
rangement. I preier, however, to‘ use the series 
arrangement and do accordingly interconnect the 
adjacent ends oi the coils by a shielded conductor 
I, the shield oi which will be understood to be 
connected to be electrically ccmmon’with the 
other :shielding elements oi the pick-up device. 

' When two identical and axially parallel coils are 
so serially connectei‘L. their pick-‘up irom a given 
magnetic ?eld will be such that their respectively 
induced currents will oppose or-buch one another. 

v'I‘his serial connection and spatially parallel rela 
tionoithecoils,bywhichtbeycpposeonsan 
other as magnetic pick-up elements. I herein-term 
"a series-opposing one." _ 
Fcrpickinglmsignalsiromaninducticncoil 

is, the pick-up device may be positioned so that‘ 
theaxesoithecoilsareparalleltotheaxis'cithe 
induction coil with one oi the pick-up coils ate 

(with which the magnetic core oi the induction 
coil is provided as is hereinaiter explained) , with 
one oithe ccilsbeing again spaced at a minimum 
possible distance iron the induction coil. This 
induction coil is a standard element in telephone 
equipment and may be provided with or without 
a substantially closed magnetic core. In the 
present illustrative example. a substantially closed 
core type of coil is shown having the laminated 
magnetic core I! provided with air gaps II above 
mentioned at the opposite ends thereoi, these air 
gaps being provided to prevent saturation oi the 
core irom the D. C. current oi the telephone line. 
Because there is a magnetic potential drop across 
the coils it necessarily has a stray ?ux radiation 
although the. radiation is less as the reluctance ‘ 
oi the magnetic circuit is reduced, it being very 
small ior the closed core type oi coil here illus 
trated. Accordingly, in picking up Iron a closed 
‘core induction coil, it is highly important that 
the maximum possible coeiilcient oi coupling be 
made, that is, that there be obtained a maximum 
linkage oi the pick-up coil with the available 
stray ?ux oi the induction coil. ' 
To obtain such maximum linkage, the core oi 

the pick-up coil is aligned with the available stray 
iield oi the induction coil as by orienting theaxis 
oi the pick-up coil in a plane substantially par 
allel to that oi the induction coil. According to 
my invention I am enabled to obtain a high per 
centage oi ?ux interlinkage with the pick-up coil 
by the use oi‘long slender coils having magnetic 
cores, as this permits the magnetic cone oi the coil 
to be placed at a minimum spacing item the 
induction coil, and also through the length oi that 
coil, where it will provide a low reluctance path _ 

~ for the' available stray aux‘ Moreover, the core 
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shoes which I provide-and which I direct to 
wards the induction coil in the mounting oi the 
pick-up device-serve to reduce the length oi air 
gap. and thus oi reluctance, irom the ends oi the 
pick-up coil to the induction coil. This has the 
e?’ect oi directing the stray ?ux through the en 
tire length oi core oi the pick-up coil to e?ectivelv 
increase the cceiiicient oi coupling and e?iciency 
oi pick-up. , - > 

I ?nd that the use oi long slender pick-up coils 
is particularly eiiective ior obtaining a pick-up 
device that is highly selective as to ?elds originat 
ing from sources near and iar, or to ?elds oi dii 
ierent divergence, it being understood that ?elds 
near their source have a high divergence-that 
is, a considerable digression irom parallelism 
and those at a distance irom their source have a 
low divergence. This ‘selectivity arises item the 
iact that'a long magnetic core exercises a high 
directive in?uence over the ?ux in its vicinity, 
since the ?ux, in seeking a path oi low reluctance, 
is "taken in" by the core and led along the length 
thereof, the effect being to bunch and straighten 
outvthe ?ux lines in the vicinity oi'the coil. Both‘ 

_ oi the pick-up coils will exercise this directive in 
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minimum possible distance ‘irom the induction " 
coil.asisindicatedinl"igurc2: retpreierablr. 
however, the pick-up device may be oriented so 
that the axes ci-the'pick-up coils ‘are parallel to‘ 
acenterlinerunningthroughtheair‘gapsll 

iiuence alike and will tend'to. be interlinked by 
about the same amount oi ?ux unless‘ the magnetic 
?eld has a large divergence. Normally, noise pick 
up is irom ?elds oi small divergence since the 
sourceoithencise,suchasamotor,willbeata 
great distance irom the pick-up device compared 
to that oi the pick-up device irom the induction 
coil oi the'teleph'one instrument. The pick-up 
ecilswillthustendtopickupapproximatelythe -' 

sameamotmt‘oi noise. lloreoveatheywilltend 
todothiswithinarange oirelative positioning. 
aswellssoipositioningciboththecoilsaiihs 
relativetothenoise?eltbvvirtusoithslsns 
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directive in?uence which the coils exercise over 
the flux in their vicinity. Accordingly, my pick 
up device does not require that the coils thereof be 
separately adjusted nor that the over-all device 
be critically located in order to effect a low pick-up 
of noise current originating from sources at a 
distance, 
For maximum pick-up from the telephone sys 

tem, the pick-up device is so oriented as to ob 
tain the largest possible differential of coupling 
of its respective coils with the telephone induc 
tion coil. For instance, one coil may be placed 
directly below the induction coil, or be shifted 
from that position in the direction which will in 
crease the spacing of both the coils from the in 
duction coil, a suitable positioning of the pick-up 
coils relative to the induction coil being, for in~ 
stance, shown in Figure 2. 

It will be understood a substantial spacing must 
be had between the pick-up coils I and la in order 
that a substantial differential in coupling of the 
coils with any nearby ?ux source may be had. Yet 
the distance of spacing must not be too great, to 
result in any substantial difference in coupling of 
the coils with a relatively distant ?ux source. As 
a typical case, the spacing between coils is about 
half of their length. For example, the coils are 
preferably made about 31/2 long and spaced about 
11/2” apart, and are provided with an outside 
diameter of about tic". As for the cores, they 
are preferably made about square in cross section 
with a dimension of about 1/8" at each side, and 
the shoes thereof are each made about 1%" long. 
Because of the very low coefficient of coupling 

of the pick-up device with the telephone induc 
tion coil, the frequency response characteristic of 
the device is determined substantially wholly by 
the relative values of the impedance elements in 
the circuit in which the device Works, this circuit 
being hereinafter termed the work circuit. For 
example, the pick-up device may work directly 
into the grid of an ampli?er tube 23, and across 
a suitable grid leak resistance 2|, as is shown in 
Figure 5. According to my invention this work 
circuit is arranged or tuned to have a natural 
resonant frequency within the middle vocal fre 
quency range, as at a frequency between 1200 to 
2000 cycles. Preferably, I employ high impedance 
pick-up coils having many turns of fine wire and 
control the winding space factor of the coils so 
that their effective internal distributed capacity 
plus the capacity of the shielded leads to the 
coils-which total capacity is referred to as 25 in 
Figure 5-will in combination with the inductance 
of the coils give the desired natural resonant fre 
quency. Of course the distributed capacity 25 
may be supplemented by a, lumped external ca 
pacity, if desired. In tuning the pick-up device, 
though, I preferably choose relative values of re 
sistance to reactance which will obtain a very mild 
accentuation in response of the pick-up device at 
its resonant frequency. Typically, I ?nd that an 
accentuation of from 3 to 6 dbs. at the resonant 
frequency over that obtained at one octave from 
the resonant frequency is satisfactory. 

It will be noted that the pick-up device which 
I provide is very well adapted for picking up 
telephonic voice signals from hand combination 
telephone sets. For instance, the device may be 
conveniently inserted in the space ‘2| normally 
provided below the usual hand combination set 22 
as is shown in Figure 1. As so placed, the pick-up 
device is very desirably out of view where it will 
not deface the appearance of the telephone instru 
ment. Yet the pick-up device may be conven 
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3 
iently oriented for maximum coupling with the 
telephone induction coil merely by shifting it 
horizontally below the hand combination set. 
While my invention has especial utility and is 

herein illustrated and described as a telephone 
pick-up device, it will also be understood that var 
ious changes and modi?cations may made in the 
embodiment herein disclosed without departing 
from the scope of my invention, which I endeavor 
to express according to the following claims. 

I claim: 
1. A magnetic pick-up device for response to 

the stray ?eld of an induction coil, comprising a 
solenoidal type pick-up coil having a magnetic 
core, said core having a ratio of length to square 
root of cross-sectional area which is at least of 
the order of 15. 

2. A magnetic pick-up device for response to 
the stray field of an induction coil, comprising 
a. solenoidal type pick-up coil having a magnetic 
core, said core having a ratio of length to square 
root of cross-sectional area which is at least of 
the order of 15. 

3. A magnetic pick-up device selectively re 
sponsive to magnetic fields of different diver 
gence, comprising a. pair of pick-up coils having 
magnetic cores, said coils being spacedly held in 
substantially parallel relationship and arranged 
magnetically opposing, and said coils being of the 
solenoidal type. 

4. A magnetic pick-up device for response to 
the stray field of an induction coil and adapted to 
be substantially unresponsive to ?elds originat 
ing from sources relatively distant, comprising 
a pair of solenoidal type coils having magnetic 
cores, said coils being ?xedly held in a substan~ 
tially parallel relationship and arranged mag 
netically opposing, and the length of said coils 
being substantially twice the distance of spacing 
between the coils. ' 

5. A magnetically selective pick-up device com 
prising a pair of magnetic core solenoidal type 
coils fixedly held in a substantially parallel rela 
tionship and connected series-opposing, said coils 
having a substantial spacing from one another 
relative to their lengths, and the ratio of the 
lengths of said coils to their outside diameters 
being at least a several times multiple of unity. 

6. A magnetic pick-up device for response to 
the stray ?eld of an induction coil and adapted 
to be substantially unresponsive to fields originat 
ing from sources relatively distant, comprising a 
pair of solenoidal type coils having magnetic 
cores and arranged magnetically opposing, the 
ratio of length to square root of cross section 
area of said coils being at least of the order of 15. 

7. A magnetic pick-up device for response to 
the stray field of an induction coil and adapted 
to be substantially unresponsive to ?elds originat 
ing from sources relatively distant, comprising a 
pair of solenoidal type coils arranged magnet 
ically opposing, said coils having magnetic cores 
provided with shoes at the core ends, said shoes 
extending radially of the coils at least to the 
peripheral surfaces of the coils. 

8. A magnetic pick-up device for response to 
the stray field of an induction coil and adapted 
to be substantially unresponsive to ?elds originat 
ing from sources relatively distant, comprising a 
pair of solenoidal type coils spacedly held in sub 
stantially parallel relationship and arranged 
magnetically opposing, said coils having magnetic 
cores provided with shoes at the core ends, said 
shoes extending radially of the coils in a direc— 
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tion substantially normal to the plane through 
the axes of the coils. 

9. In combination with a substantially closed 
core type of telephone induction cell, a solenoldal 
type pick-up coil orientated relative to said in 
duction coil for response to the stray ileld'there 
of. and a second solenoidal pick-up coil placed 
substantially out of the stray iield of said in 
duction coil, said pick-up coils being held sub 
stantially parallel to one another and arranged 
magnetically opposing. 

10. Apparatus for coupling a phonograph to a 

telephone system comprising a telephone box in 
eluding a telephone induction coll connected in 
the telephone system; a solenoidal-type pick-up 
coil mounted adjacent to said box and connected 
to the phonograph, said pick-up coil being oilset 
radially from said induction coil and having its 
axis in a plane substantially parallel to the axis 
of the induction coil, and said pick-up coil hav 
me a ratio of length to outside diameter which is 

ill at least of the order of 5'. 

JOSEPH C. ADAMS. 

Certi?cate of Correction 
Patent No. 2,381,097. August 7, 1945. 

JOSEPH O. ADAMS 
It is hereby certi?ed that errors appear in the printed speci?cation oi the above 

numbered patent requiring correction as follows: Page 3, ?rst column, hne 2_8, for 
“3% long” read 3%" long; and second column, line 7, after the word “may” msert 
be; lines 21 to 23, strike out “to square root of cross-sectional area which 1s at least 
of the order of 15” and insert instead to outside diameter which is at least_0j the order 
of 5; and that the said Letters Patent should be read with these corrections therein 

- that the same may conform to the record of the case in the Patent Office. 
Signed and sealed this 3rd day of September, A. D. 1946. 
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