The Common Ground

BY ROBERT P. BRICKEY.,* W7QAG

Plagued by hum in your audio equipment? Clobbered by oscillation in your

r.f. equipment? Do you get belted every time you touch two different chassis?

Then you may have common ground problems. Covered below are the effects

of improper grounding and the corrective measures necessary in power line
a.f. and r.f. circuits,

00 often, the importance of using proper

I grounding techniques is not fully appreci-

ated. Technological advances are con-
stantly making possible higher gain lower noise
receiving equipment, while at the same time
the density of other types of electronic equip-
ment is rapidly increasing. With the rapid in-
crease in the use of two-way radio equipment,
amateur, citizen band, industrial, business band,
police, etc., as well as the constantly increasing
number of TV sets, portable radios, and the like,
it is becoming of paramount importance to use
proper grounding techniques in a congested area
in order to avoid unnecessary interference be-
tween these services.

Of course grounding alone will not solve all
interference problems. With the great congestion
of electronic equipment many other factors must
be considered in order to keep interference to a
minimum. Such things as proper circuit design,
shielding, proper operating techniques, efc., must
receive special attention. It is true however that
many interference problems can be traced, at
least in part, to improper grounding.

Interference is not the only aspect of proper
grounding. Next time you build an amplifier
that behaves more like a signal generator it
might be well to take a closer look at the ground-
ing techniques you used. Many problems as-
sociated with instability can be traced to im-
proper grounding techniques.

Because of these factors many common
grounding practices are not adequate under
present day conditions. As we will see later, a
grounding system which is entirely adequate
under some conditions may be useless in others.
While some of the effects caused by improper
grounding appear baffling, when they are anal-
yzed in terms of basic electrical theory most of
these effects are easily understood. With a little
forethought it is possible to avoid most of the
pitfalls connected with grounding.

Why Ground?

If circuits could be made completely inde-
pendent of each other in such a way that they
had no circuit elements in common there would

«Utah Trade Technical Institute, 349 North 250 East,
Orem, Utah.

be no need for common ground. A transistorized
portable receiver for instance, if it contains its
own power source, antenna, speaker, etc. does
not need to normally be connected in common
with other surrounding equipment. It 1s necessary
however, to provide common connections within
the radio receiver itself. This common connec-
tion is usually referred to as ground although
it is not always common to an actual earth
ground. The term ground is commonly used to
express a common return connection from a
number of loads. When using a receiving an-
tenna one side of which is the earth itself, it is
necessary to include the earth in the common
connection. Also the a.c. power source is fre-
quently connected to ground on one side of the
circuit. This sometimes makes it necessary to
include the earth in a common connection.

In the same piece of equipment, sometimes.
there may be more than one common system.
For instance there may be a common circuit
for the return currents in the audio section.
another common system for the return currents
in the r.f. section and still another common
system for the power supply. In other designs
all of these returns may be made common to
each other.

The common connection may take the form
of any type of electrical conductor. The most
frequently used common return in electronic
equipment is the metal chassis that the equipment
is constructed upon. Since the chassis usually has
a considerable surface area, it provides a reason-
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Fig. 1—Circuit diagram of an audio amplifier showing

coupling between the filament circuit and the audio

input signal. This type of coupling could be eliminated

by grounding all of the ground returns to the same
point on the chassis.
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ably low impedance connection between the
various loads which are connected to it. The
impedance between two points on the chassis 1s
not zero, however, and it is this fact which
creates many of our grounding problems.

An example of the trouble that this chassis
impedance can cause is shown in fig. 1. In this
example the chassis is being used as a common
return for both the filament circuit and input
circuit of the amplifier. The arrows show the
path of the filament current during one-half cycle
of the supply frequency. Since the filament re-
turn current flows through a section of the
chassis, and this chassis contains resistance, the
result will be a very small a.c. voltage drop be-
tween points 4 and B on the chassis. Notice
that part of this voltage is in series with the input
circuit to the vacuum tube amplifier. This a.c.
voltage will add to the incoming signal and the
amplifier output will contain some of the fila-
ment supply frequency in addition to the desired
output signal.

It might be thought that the voltage drop
across the chassis would be small enough to be
negligible. In some cases this is true, especially
when the amplifier gain is low, the chassis re-
sistance is low, the filament current is not too
great and a very low hum level is not necessary.
In many cases, however, the results would not
be satisfactory. The ripple from this source could
be eliminated in this circuit by either running a
separate filament return lead to the tube instead
of using the chassis or by returning the secondary
of Ty directly to R; in order that the filament
circuit and the input circuit of the amplifier do
not contain the common chassis impedance.

When building any type of high gain amplifier,
considerable care must be exercised when con-
necting various points in the circuit to the com-
mon chassis in order that output current returns
will not produce voltage drops that will be fed
back into the input of the amplifier. If the
feedback through the chassis is properly phased
the amphfier may oscillate. This type of feed-
back is often very difficult to isolate and correct
once the equipment has been constructed. It is
usually good practice to connect all of the bypass
capacitors and other returns for a particular
stage or closely associated group of stages to a
common point on the chassis. Grounding 1n
this way eliminates the return currents flowing
through the chassis and therefore prevents pro-
ducing a voltage drop across it.

Sheeiced Signal Line
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Fig. 2—Since there is no common ground lead between
equipment A and equipment B, there will be a large
a.c. current flowing in the shield around the signal
line. This a.c. current will induce hum in with the signal.
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Fig. 3—If the common ground lead has low resistance

compared to the resistance of the shielding on the

signal line, most of the a.c. ground current from
equipment A will flow through the ground lead.

When duplicating equipment described in
magazine articles it is wise to follow the ground-
ing scheme used in the original equipment as
closely as possible. This is especially important
at high frequencies. Don’t be too quick to criti-
cize the author of the article when your equip-
ment doesn't function properly if you have made
any changes whatsoever in the grounding system
or in parts placement. To those who lack ex-
perience it is difficult to impress the importance
of grounding to the chassis in the right way.
While it often seems to the beginner that any-
thing connected to the chassis is really connected
to a common potential it can be seen in fig. 1
that this is not the case,

Safety

Another important reason for using a common
ground is safety. Although sometimes it may
not be necessary to ground certain pieces of
equipment together for their proper operation,
it is advisable to connect their chassis in com-
mon to eliminate any difference in potential that
may exist between them. As there will normally
be other objects in the immediate vicinity that
are at earth ground potential, this common
chassis connection should also be connected to
an earth ground. The lead used for this ground
connection should be at least as large as the
incoming power mains from the breaker panel.
This is important because in the event of a short
circuit in the equipment between the incoming
power line and the chassis, the ground lead
should be able to carry sufficient current to trip
the breaker. If an insufficient wire size is used
and such a short should develop, the resulting
current through the small wire could produce
enough heat to start a fire without tripping the
breaker. There is also a possibility that the wire
may burn out altogether leaving the equipment
with line potential to ground. Since this ground
lead may be required to carry an appreciable
current it is advisable to run the ground lead
back to the same ground point used for the
incoming power. Doing this will eliminate the
resistance through the earth back to this point.

Connecting various pieces of equipment to
a common ground also has many operational
advantages. It is common practice to connect
a bypass capacitor from the power line to the
chassis in each piece of equipment in order to
bypass radio-frequency signals that may enter
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Fig. 4—If o balanced signal line is used the shield
need not be connected on the sending end, eliminating
the a.c. current through the shield.

or leave via the power line. Usually a small
valued capacitor is used which has low reactance
to the radio-frequency and a fairly high re-
actance at the power frequency. While the re-
actance of this bypass capacitor at the power
line frequency is fairly high there is still enough
current flow to cause problems when a signal
is fed from one piece of equipment to another
unless proper grounding techniques are used.
Figure 2 shows an example of the sort of
thing that can happen. An unbalanced shielded
signal line is connected from equipment A4 to
equipment B. Of course the line is shielded to
prevent pick-up of stray magnetic or electro-
static fields in its vicinity. However if equipment
A is not properly grounded, current can flow
from the ungrounded side of the power line
through the bypass capacitor to the chassis of
equipment 4, down the shield of the signal line
to equipment B and then to ground. The supply

frequency current flowing through the shield

will produce an alternating magnetic field around
the shield which will cut the inner-conductor
and produce alternating currents in it also. In
some cases the hum pick-up from this source
can be very serious. It is often thought that it
iIsn't necessary to ground equipment 4 in a case
like this since it is grounded anyway through
the shielded lead. It can be seen in fig. 2 that
the ground currents flowing through the shield
do more harm than good.

Figure 3 shows the same equipment setup
with units 4 properly grounded. If the resistance
of the common ground lead is made very low
compared to the resistance of the shield on the
signal line the bulk of the a.c. current will flow
through the common ground. This greatly re-
duces the hum induced in the signal line. To be
effective in this way it can be seen that the
common ground lead must have very low re-
sistance.

A still better approach to the problem is
shown in fig. 4. If a balanced signal line is used
rather than an unbalanced one as in the pre-
ceding examples it will not be necessary to con-
nect the line shield to both pieces of equipment.
This is because the returning signal current will
flow through the second conductor of the balance
line rather than through the shield. It can be
seen that now the total ground current will flow
through the common ground lead and there will
be no line current flowing in the shield. The
shield on the signal line will be most effective

if it is grounded at the load end of the line.
If it was grounded at the source, the a.c. voltage
drop across the ground lead resistance would be
present between the shield and the input at the
load.

R.F. Grounds

Due to the increased impedance of ground
conductors the grounding technique used be-
comes even more important at radio-frequencies.
The impedance of the ground conductor becomes
higher for several reasons. As the frequency of
the current flowing in a conductor increases, the
magnetic field this current produces causes the
bulk of the current flow to be near the surface
of the conductor. This is shown in fig. 5 and is
known as skin effect. The reduction of current
in the center of the conductor at high frequen-
cies reduces the effective cross sectional area
of the conductor. The result is an increase in
the effective resistance at high frequencies.

Not only 1s the resistance of the conductor
greater at high frequencies, but unless its length
is exactly right it will also have considerable
reactance. Any conductor has inductance and
the inductive reactance it causes increases
directly with frequency. However, not only does
a conductor have inductance but it also has
distributed capacitance. If the capacitive re-
actance is of the same magnitude as the induc-
tive reactance, the conductor will be resonant
and if it were not for radiation from the line its
impedance would be equal to its effective re-
sistance,

When a long ground run must be made, its
impedance is often reduced by making it a
resonant length. However the radiation from
a resonated ground lead of this type will in some
cases be fairly high, raising its impedance. This
radiation may also produce harmful interference.

In general then, in order to reduce the im-
pedance of the ground lead, while at the same
time Keeping the radiation from the line to a
minimum, it is desirable to use the shortest
possible ground leads at radio-frequencies. Also
in order to reduce the inductance and effective
resistance of the line as much as possible, a
conductor with considerable surface area should
be used. A copper strap for instance will have a
much lower impedance at radio-frequencies than
a round conductor with the same cross sectional
area.

The type of material used at very high fre-
quencies is also important since almost all of
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Fig. 3—Cross sectional drawing showing the variation

of current density in a conductor carrying radio fre-

quency current. Since the interior of the conductor is

surrounded by more flux lines than the exterior, it

will have more reactance. As a result there is more

current flow near the surface, increasing the effective
resistance.
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the current flow is concentrated very near the
surface of the conductor. It is desirable that
this surface have conductivity and it is often
helpful to use plated materials. It is important
that a good plating job be done however as a
poor one may have higher resistance than the
original material. In some cases protective coat-
ings may be applied to the conductors in order
to prevent deterioration of the surface. Because
of these effects, construction of v.h.f. and u.h.f.
equipment on chassis of different material can
have a great effect on a performance.

Earth Grounds

Several times in this article we have referred
to an earth ground. It is often very difficult to
obtain a good ground connection to the earth.
While the old standby water pipe ground connec-
tion may be adequate in some cases, the imped-
ance of this type of ground at radio-frequencies is
likely to be fairly high. In considering a ground
connection it should be recognized that the type
of ground system necessary may depend on the
frequency involved.

At low frequencies, due to the multiple paths
for the current through the subsurface of the
earth, the resistance of the earth itself is negli-

CO Reviews:

gible even though the resistance through any
one path may be fairly high. In fact, due to
the earth’'s great size, its resistance is so low
that if a series loop is formed of a trans-atlantic
telephone cable and earth, all of the resistance In
the series loop can be accounted for in the wire.!

It can be seen, therefore, that the primary
problem is to obtain a low resistance connection
to the earth since the earth itself has a very
low resistance. At low frequencies a satisfactory
ground can usually be obtained by burying
conductors with large surface area deep in moist
soil. The ground resistance can be reduced con-
siderably by depositing salt in the area around
the conductors since this is where the current
density is greatest. Of course the salt will shorten
the life of the ground system as it will attack
the metal conductors chemically.

In dry rocky areas it is difficult to obtain a
low impedance ground connection. At radio-fre-
quencies, in areas like this, a counterpoise will
often provide a better ground. This may be
formed by placing a network of conductors

[Continued on page 94]

'Card, R. H., Earth Resistivity and Geological Structure,
trans, AIEE, 54, 1153, 1935.

The Dow-Key DK78 Coaxial Switches

BY WILFRED M., SCHERER* W2AEF

THE latest addition to the line of products
put out by the Dow-Key Company is their
DK78 series of manually-operated coaxial
switches. These are especially designed for the
purpose, both electrically and mechanically, and
as such are not just adaptations employing wafer-
type switches. They are relatively small in size,
yet are ruggedly constructed for reliable opera-
tion with high current-carrying capacity for
handling r.f. power of 1 kw at frequencies up
to 500 mc and they have high cross-talk isolation
and low v.s.w.or. All the r.f. connectors are
mounted in the same plane facing directly out
from the rear to facilitate cable connections in
a minimum amount of space and without the
need of right-angle connectors for doing so. The
switches are available in four configurations as
shown at fig. 1. These are: s.p.d.t., s.p.3t,
s.p.61. and transfer-type.

Construction

Since the Dow-Key DK78 coaxial switches
utilize a specially designed switching mechanism,
we thought you'd like to see a picture of the
“innards” of one of them. Shown in the ac-
companying photograph are those of the
DK78-1 transfer switch.

The main body or shell of the switch is shown

*Technical Director, CQ.
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at the left. The large circular metal disc is ro-
tated by a shaft from the other side of the shell.
Two dual-contact arms are mounted on insula-
tors on this disc, each in a separate oblong
box-like shield enclosure. At the right of the
photograph is the back plate of the switch
showing the rear of the four r.f. connectors with

One of the Dow-Key DK78 coaxial switches. This is
the transfer model.
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GO SINGLE SIDEBAND!

Inexpensive all transistor filter type SSB exciter
for building your own rig. Includes audio stages,
filter, balanced modulator, mixer, etc. Provides
1 watt PEP for driving linear amplifiers. Use
your VFO (or crystal) or our matching transistor
VFO for desired band. Operates from 12 V.D.C.—
requires no inverter for mobile use. Write for
detailed specifications and prices.

AQUADYNE, INC.

414 Main St., E. Falmouth, Mass. 02536
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I_;ur further information, check number 41, on page 110 |

| _ALL BAND TRAP ANTENNA! |
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Reduces interference anc
For ALL Amateur Trans.-
et'es AT Wekes Shert mitters. Guaranteed for
ave Recelvers. Makes 500 Watts AM 1200SS
World Wide Reception PNt o hiat
g;’::"::"‘ Clearer on All Light, Neat. Weatherproof.

Complete as shown total length 102 ft. with 96 L. of T20hmbal-
anced twinline. Hi-impact molded resonant traps. (Wt. 3 oz. 1™ x
o long). You just tune to desired band [or beamlike resujts. Ex-
cellent for ALL world-wide shori-wave receivers and amateur
transmitters. For NOVICE AND ALL CLASS AMATEI'RS! XO
I EXTRA TUNERS OR GADGETS NEEDED'! Eliminates 5 sepa-

rate antennas with excellent performance guaranteed. Inconspie-
uous for Fussy Neighborhoods! NO HAYWIRE HOUSE AP-
PEARANCE! EARY INSTALLATION! Complete Instructions.
10-40-20-15-10 meter bands, Complete $15.95

40-20-15-10 meter. 54-ft. (best for swl*sl.'l*nr':'ml'ét'e .. ... $14.95

I SEND ONLY $3.00 (cash, ck., mo) and pay postman balance COD
plus posiage on arrival or send full price for postpaid delivery.
Free Information on other all band antennas. 160-8 metere. ete.

Avallable only from
Kearney, Nebraska I

WESTERN RADIO e« Dept. AC-3

FFor further information, check number 42, on page 110
EASY TO LEARN CODE

It is easy and pleasant to learn or i1ncrease
ipeed the modern way—with an Instructograph
Code Teacher. Excellent for the beginner or
ailvanced stundent. A qulek, practical and de-
peniddable method. Avallable tapes from begin-
ner’'s alphabet to typieal messages on all sub-
jects. Speed range 5 to 40 WPM. Always ready,
no QILM. beats having someone send to you.

ENDORSED BY THOUSANDS!

The Instructograph Code Teacher literally
tukes the place of an operator-instructor and
enables anyone to learn and master code with-
out further assistance. Thousands of success- !

ful operators have ""acquired the eode’" with the Instructograph Sys-
tem. Write today for full particulars and convenient rental plans.

4711 SHERIDAN RD., CHICAGO 4o, ILL.
4700 Crenshaw Blvd.. Los Angeles 43, Calif

For further information, check number 43, on page 110

OF THE WORLD’S FINEST

ELECTRONIC GOV'T
SURPLUS BARGAINS

HUNDREDS OF TOP QUALITY
ITEMS — Receivers, Transmitters,
Microphones, Transformers, Power Supplies,
Inverters, Meters, Phones, Antennas, Test
Equipment, Indicators, Filters, Amplifiers,
Headsets, Converters, Control Boxes, Motors,
Dynamotors, Blowers, Cable, Keyers, Chokes,
Handsets, Swilches, etc., etec. Send for FREE
CATALOG—Dept. C.Q.

FAIR RADIO SALES

2133 ELIDA RD.+ Box 1105« LIMA, OHIO

further information, check number 44, on page 110
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many of the fellows from giving up ham radio,
you know some people just don’t have 100000
much money., Let’s see what kind of mail we
get about the idea.

My gosh, fellows I didn’t even get a picture
of that reprehensible character CQ DOG XRAY
this month and as | have said before YOU are
news to others, why don’t you want your picture
in CQ? Any way have a happy new year. That is
just about all for this month so the best to you
and vours as I am writing this on New Years
Day. My best wishes for better DX conditions

and less fighting on the air over the many things

that we know so little about. 73, Walt, W8ZCV

Ham Cinic [from page 67]

tube. Next, check the 6BE6 b.f.o. tube and
lastly check for loose connections. A loose
alignment capacitor may also be part of the
trouble.

Thirty

Next month we will cover the addition of one
or two bands to transceivers. This is a subject on
which we have received many letters.

Although we cannot personally acknowledge
them all, we want to thank the hundreds of
hams who sent us personal seasons greetings.

For this month then, 73 to all the fine faithful
readers of HAm CLINIC, 73, Chuck, W6QLYV

Club Forum lfrom page 18]

service department” of your local radio station
on your list. Many radio programs feature such
announcements and are very willing to cooper-
ate. As with all forms of publicity be sure it's
submitted far in advance and properly type-
written.

It might be brought to your attention that
amateur radio is not without a group dedicated
to the cause of promoting the “good word” of
our fraternity. The Amateur Radio Editors As-
sociation (AREA) consists of over one hundred
such hams in every field of amateur publicity.

Further information on publicity is available
from the ARRL in the form of a packet of
typical news releases and other related items.
Finally study news items of other organizations.
Before long sending out news releases will be
second nature.

We hope this will assist the club publicity
chairman and if we missed some good ideas
why not send them in and we’ll print them at a
later date. 73, Al, WA2TAQ

Common Ground [from page 52]

above the ground. These conductors are insulated
from the ground and the connection i1s made
through their capacitance to the earth. When
current flows into the counterpoise making it
negative, this negative charge repels electrons
in the ground immediately below, resulting in a
current flow away from the counterpoise in
the earth. On the other half cycle when the
counterpoise is made positive, electrons are at-




R | — | —— ) — — S A— ) — ) - n-u-&-rﬁ"

LEARN CODE

THE
MODERN

ATKO
WAY

L )

Literature
Available

Model A complete as illustrated.
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Teletype Frequency
Shift Converters
Model 57 1530 £
FOB L.IC., N.Y.
SPERA ELECTRONICS

37-10 33/d 5t., Long Islond City, N. Y.

ALL-SIGN STA

POCKET RUBBER STAMP. Stamp and inking
device fit together, form compact unit.
Laas than 1 oz. Prist plalnly J lines.
Max. width is shown. No “§" avallable.

R:.J,.-.- Nerdlund - KOIKVRQ
7635 WItt |rv;ng .Dnrl{, Qﬂﬂd
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URGENT, NEED IMMEDIATELY

Very high prices paid. Freight prepaid. AN/GRC: PRC:

APR: APN: ARC: ALT: URM: UPM: TS. We also buy

| all military and commerecial test, radar, and eommuni-

eation equipment,

CALL COLLECT. IT COSTS YOU

HEAR OUR HIGH OFFER.

SPACE ELECTRONICS
Bronx, N, Y. . (212) CY 9-0300

Actual Size

Order
from

NOTHING TO

4178 Park Ave.,

HYE-QUE ANTENNA-FEEDLINE CONNECTOR

A d-dn-1 molded plastic-and-metnl
Hiting provides toax [ecder cORme

MR lri',].ﬁ'\ FlFIt1I']’ A I- L i]tir|1'| s,
antenna center support Hye-Uue 1
ronnector Nls standard PPL2SY,. Kein
foreed, wigther protected ultra-
glticient. Al your ham store,. or $2.95
pril. Companion insulators. 2 for 99¢
il Include: complete instructions

P.0. Box 97. Ramona, Calif. 92065

BUDWIG MFG. CO.
COMING SOON!

NEW AMECO 6 and 2 METER VFO

Heterodyne VFO with solid state oscillators
Highest stability—negligible warm-up time
Model VFO-62—-%$59.95—write for details

AMECO EQUIPMENT CORP.
Herricks Road, Mineola, N. Y. 11501
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tracted to the ground underneath. The result
is an alternating current flow through the earth
without making a physical contact to it.

Summary

In a short article such as this it i1s impossible
to do justice to the subject of grounding. There
are so many varied aspects to grounding that
an entire book could easily be written on the
subject. We have touched upon only a few of
the many possible examples of proper grounding
techniques.

It was our hope that this article might serve
to acquaint the uninitiated with some of the
problems associated with grounding and also to
stress the importance of the common ground.

If we ground properly our equipment will not
only perform better but our stations will be
much safer. 4]

- Contest Calendar [from page 80]

Should the rest pcl'ind be reduced to 6 hours?
We are reluctant to eliminate it all together, it
was well received when it was first instituted.

We would appreciate vour comments and
suggestions.
PACC
Starts: 1200 emT Saturday, April 24
Ends: 1800 omT Sunday, Apnl 23
This is the 9th annual PACC contest and
rules are same as in previous years. C.w. and

Phone are separate contests even though they
are held at the same time. Complete details
next month.

Editors Note

Not much to report this month, It's that time
of the vear when we are up to our necks In
contest logs. Could use a few good photos of
stations in contest activity.,

['he listing of K6EVR in the claimed Phone
score was in error, It should have been K6ERV
with 52,032 points on 14 mc. K6EVR was multi-
operator this vear and the boys had better than
400,000 points. Sorry Ron.

If vou need a Liberian QSL, listen for EL2
stations on Sat., March 15th between 1200—
2400 gMmT, when the newly formed EL-Two Club
will hold a field day. Activity will be on 7010,
14020, 14260, 21030, and 21300 kc. Send QSLs
to: Charles Segrest, EL2AI, ¢/o American Em-
bassy VOA, Monrovia, Liberia.

At this writing all the Top Band buffs are
looking forward to the 160 Contest. It promises
to be a "humdinger.” We had excellent DX con-
ditons on the week-end of January 9/10th.
Good luck. 73 for now, Frank, WIWY
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Mast Feeds Thru Rotator
For Safe, Easier, Installation

TELREX ROTATOR-INDICATOR SYSTEM MODEL TS250-RIS

$25000

e 1300 IN/LBS ROTATION TORQUE i
e SELSYN AZIMUTH INDICATION » Modifl TS435-RIS $435
e ACCOMMODATES 2" 0.D. MASTING Ty Rotatof TS535-RIS $535
o MALLEABLE CAST MASTING CLAMP SUPPLIED pesigned 10, Ertéaﬁ RIS $585
e OUTPUT SPEED APPROX. 1 RPM | gut-pertorm. s

[ ]

WILL FIT INTO OR ONTO A 6' SIDED TOWER | TELREX LABS.
Write for FREE PL6S Describing Rototers ond Antennas ASBURY PARK, N.J.
For further on page 110
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