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GROWLH EXPERIMENTS OIf YOUWC CILCKRNS

EXPOSED TO HIGH FREQUENCY ELECTRICAL TREATMENT

An abstract of a Ph.D. thesis in the Depariment of Agricul-
tural Engineering, by Drayton Tucker Kinard, June, 195h.

Electrical phenomena associated with living ®things have been a
subject of study for over a hundred years. The presence ol the elec~-
trical environment of the earth and concepts of the constituency of
matter imply close relationships between electricity and life pro-
cesses. The impression of external electrical potentials of different
types and magnitudes on living systems are known to produce various
biological effects. Although many questions related to those findings
are yet in the hands of the biologists at least one report has ap-
peared to justify the attention of those agricultural engineers whose

major interest is in the fiesld of electricity in agriculture.

BRaker (1913) applied high frequency electrical treatments to
young chickens and reported that ireated birds grew a third or more
faster, had a more efficient feed conversion, and feathered earlier
than those untreatea. His experiments were interrupted by World War I.
Aside from the present study, apparently no further werk has been under-

taken to investigate the ideas suggested by the early report.

Marsh and Beams (1952) have obtained interesting effects on
growth by the application of continuous currents. Marked differences
in growth resulting from high freguency treatment have not been re-

ported. Most of the high frequency experiments have involved
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intense exposures, and the effects attributed primarily to heating
(Osborne and Holmquest, 19L5); whereas, continuous currents are em-
ployed effectively in small intensities. Bakert's theory is that
"minute currents, comparable with those in nature" cause a better me-
tabolism, resulting in more efficient utilization of feed and faster
growth. Chickens respond to the application of light, (Clegg and
Sanford, 1951; Staffe, 1951). That they may respond to small amounts
of radiation of much greater wavelength is suggested by theories that
birds may sense electromagnetic waves (Mattingley, 1946). The evi-
dence presented by Baker is not convincing. On the other hand, he

is a man of integrity and of considerable technical background,
(Poggendorff, 1936). Still active, he affirms his faith in the treat-
ments (Baker, 1952). The literature does not provide the evidence to

refute or confirm his findings.

The present work was intended to determine if marked response
in growth of young chickens might be obtained Tty the epplication of
treatments similar to those used by Baker. If results were positive
the study was to be pursued toward practical ends. Chicks were grown
to age six weeks under the influence of the electromagnetic field
within coils energized at different frequencies and at different in-
tensities from high frequency generaiors. Treatments considered sim-
ilar to the original ones, and related treatments, were tried. Treated

and untreated birds were compared primarily on the basis of gain and
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feed conversion efficiency. Five experimental trials were involved,
three at Michigan State College on White Rock chicks, and two at the

University of Ceorgia on Newhampshire cockerels.

No marked differences were found between treated and untreated
birds as measured in terms of gain and feed conversion efficiency. Nor
did there appear to be any change in the treated chicks to suggest the
need for other measurements of their growth or behavior. Temporary
increase in heart and respiratory activity resulting from intense treat-
ments, attributable to heating, was demonstrated, as was to be expected.
It is considered likely that the observed differences in growth pre-
viously reported were caused by factors other than the high frequency

treatments.
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INTRODUCTION

Electrical phenomena associated with living things have been
a subject of study for over a hundred years. The presence of the
electrical environment of the earth, and concepts of the constituency
of matter imply close relationships between electricity and life pro-
cesses. Differences in electrical potential may affect the end pro-
duct of the combination of certain basic compounds involved in di-
gestion and metabolism. Charges on cells perhaps influence their
permeability to ions of the body fluids. Nerve stimull and perhaps
glandular secretion are somewhat electrical in nature. The medical
profession has long used electricity in various ways for therapy and
certain measurements of electrical potential as aids in diagnosis.
Burr (1935) advanced an electrodynamic theory of life. The existence
of patterns of potential fields about living organisms and their re-
lationships to some of the life processes have been described. The
impression of external electrical potentials of different types and
magnitudes on living systems in less than lethal dosages might be ex-
pected to, and is known to, produce biological effects. Effecis on
animals and other living material have been reported from treatments
employing continuous (direct) currents and from treatments involving

the application of high frequency electrical fields.

Although many questions related to those findings properly are
yet in the hands of the biologists, at least one report has appeared
to justify the attention of agricultural engineers, particularly those

whose major interest is in the field of electricity in agriculture.
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High frequency electrical treatments were used on young chick-
ens in experiments in England by a physicist, T. Thorne Baker, who
reported that treated birds grew a third or more faster, had a more
efficient feed conversion, and feathered earlier than untreated birds
(Baker, 1913). The use of such treatments if successful might have

enormous possibilities even if gpplicable to just poultry alone.

If chickens could be made to grow faster by the use of elec-
trical stimulation, then attention should be devoted to determining
the factors involved and to learning how to utilize that stimulation
to economic advantage. Unfortunately, the original work was inter-
rupted by World War I, and, aside from the present study, apparently
no further work has been undertaken specifically for the purpose of

investigating the ideas suggested by the early report.



OBJECTIVES

The present study was intended to determine if marked increase
in gain or improved feed conversion efficiency could be obtained in
young chickens by the use of high frequency electrical treatments

similar to those used in the early experiments by Baker.

The study was exploratory. It was felt that observation of a
growth response or improved feed conversion efficiency as a result
of electrical treatments was pre~requisite to the development of
further objectives such as estimating the relative importaence of the
factors of the treatment and identifying the mechenism involved in
any stimulating effect. However, it was intended that any apparent
effect of the treatment be described, particularly if it suggested a

change in a process related to growth.



REVIEW OF LITERATURE

Baker (1913, and personal communication 1952, 1953) gave an
account of experiments in which he used high frequency electrical
treatment on young chickens (popularly referred to at the time as
petits poussins), and reported getting an appreciable growth response
and other effects from the treatment. Because of the nature of the

report, it should be considered in some detail.

Large scale trials followed a number of experiments he had made
personally. Treated chickens were ready for market in five weeks in-
stead of three months. In another instance, the increase in weight
of treated chickens was 35 per cent. Mortality was about 1.5 per cent.
In still another test, electrified chickens given only two=-thirds the
feed given non-treated chickens in one month were equal in weight to
the untreated birds. As many as 4000 chickens were treated at one
time and marketed at seven weeks. He concluded that chickens grown
under the influence of electricity would grow to normal weight on a
third less feed, or on normal feed would grow about a third again as
heavy to twice as heavy as untreated birds. It was noted also that
treated birds developed feathers earlier than usual, and were said to
be less nervous than those not treated. Information is lacking as to
just how treated and untreated birds were compared and on points re-

garding the rations used and the method of feeding.

Equipment for administering periodic treatments consisted of a
Ruhmkorff coil, with a motor-driven mercury interrupter, in a circuit

like that of the wireless telegraph, common at the time. This induc-
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tion coil was used to energize instead of an antenna, a helix of insu-
lated wire wrapped in turns about four inches apart about a six-deck
pen, holding 75 birds on each deck. A four-volt battery was used to
supply power for the induction coil. Although specific measurements
of the characteristics of the electrical treatment were not reported,
a one=-inch spark on the induction coil was said to be adequate for
treating a thousand chickens. A neon tube placed within the field
glowed, indicating the presence of high frequency radiation. Treat-
ments were applied periodically, 10 minutes every hour or for 20 min-
utes three or four times a day. During treatment, a distinct shock
was felt on touching the birds, and sparks were noticed as they pecked

at a finger.

The original report was given publicity at the time with one
account and some accompanying illustrations appearing in this country™.
Other references to the work have been made by Trullinger (192L;) and

Mathews (1928).

Mr. Baker repeated some of his experiments in 1941, using a
static transformer connected directly to a 230-volt alternating cur-
rent supply and otherwise employing the same arrangement as used with
the induction coil. A static transformer as distinguished from the
induction coil is presumably a conventional alternating current trans-
former, possibly one of high voltage and of high reactance. No re-

sults were reported from those tests, but the implication was that

% Scientific American Supplement, Vol. 77, No. 1986, pp 63 and cover,
January 2L, 191k.




similar results were obtained. That work was interrupted by World
War IT. The use of equipment slightly different from that in the
early investigation suggests that some variation in the characteris-

tics of the treatment was not critical.

The literature does not provide sufficient evidence to refute
or confirm Baker'!s findings. His report apparently was lost sight of
as important British and American sources have indicated that they
were not familiar with the work. Many other studies have been made,
however, involving the use of continuous currents and the use of high

frequency fields for treating animals and other biologic material.

Burr (1936) concluded that living organisms possess steady
state, or direct current, potential differences; and Burr and Hovland
(1937) from studies of the bio=electric potential gradients in the
chick embryo say that the potential gradient is an expression of one
part of the energy intake of the organism, and is related to the pat-
tern of organization. The existence and relationship of such elec-
trical potentials suggest that the application of external electrical
forces might modify growth processes, the characteristics of such
electrical treatment being suggested by the characteristics of the
natural field, in this case the application of direct current poten=-
tials. High frequency electrical treatments would influence those
natural potentials, perhaps to the extent of stimulating the process

from which the potential arises, and thus affect growth.

Electrical effects produced by continuous currents on living

materials are described by Lund (1947), Ellis and Wiersma (1945),



Marsh and Beams (1952), and others. Whether or not there is a spe-
cific electrical effect attributable to the use of high frequency
treatments is as yet controversial. Heat is a product of the treat-
ment along with any purely electrical effects. McKinley (1936) in a
review of studies on the biological effects of high frequency, re-
ported that although all workers admit that heat resulting from such
treatments is a major factor in producing biological effects, many
investigators believe there is an effect other than that of heat.
Osborne and Holmguest (194)1) in a comprehensive review of reports
supporting both sides of the question are of the opinion that '"the
burden of proof (of a specific electric or athermic effect) still
lies on those who claim any biologic action of these currents other
than heat". However, selective effects are indicated as they point
out that the relative amount of heat developed in tissues exposed to
high frequency fields, which differ markedly in their electrical
characteristics, as for example fat and vascular tissues, can be in-
fluenced by varying wavelength and technic of application. similarly,
they feel that what has been reported as a specific bactericidal ac-
tion of high frequency may be more rationally expleined on the basis
of point heating, the raiwing of the temperature of the micro-organ-
ism above the temperature of the medium. Christie and Loomis (1929),
in a study of the biological effects of high frequency involving fre-
quencies from 8.3 to 158 megacycles in experiments on mice, concluded
that the effects on the animals can be fully explained on the basis

of the heat generated by the induced high frequency currents.



Another point brought out by McKinley (1936) is that the pos-
sible utility of high frequency in studies of growth has been demon-
strated by its power to bring about acceleration in the germination of
seed. Jonas (1952) attributes a higher seed emergence to an effect of
heating. Treatments used by Baker obviously involved comparatively
small amounts of energy because of the nature of the apparatus (Bailey,
1910; Jones, 1932) and the circuit used. Any heating effect produced
would be gquite small. Marked effect on the chickens therefore pos-
sibly could be caused by selective heating or by some factor other than

heating.

Effect on growth per se as a result of high frequency treatment
has been considered by only a few investigators. Knudson and Schaible
(1931) concluded that exposure of young rats for one-half hour to one
hour daily and raising their temperature to 1410.5 C does not seem to
retard their growth appreciably or cause a loss in power to breed.
Boak, et al (1932) reported that in a majority of cases, rabbits ex~
posed to repeated short wave fevers gained a greater maximum than did
the controls. Treated rabbits appeared more vigorous, healthier, and
better nourished. Differences were never more than 6 per cent, the
average being 2 to 3 per cent. In this case treatments were admin-
istered two, three, and five times a week, and temperature of the
animals was raised to 41.5° C. Small numbers were used and the ques-
tion of stimulated growth was not pursued further. Marked differences

in growth as observed by Mr. Baker apparently have not been reported.

In a majority of high frequency experiments, the treatment was



applied by a dielectric method in which animals or materials were
placed between two plates energized from an oscillator as decribed by
Ark and Parry (1941) and others. The induction method of application
has some advantages as discussed by Osborne and Holmquest (19lh). In-
ductothermy is common in medical practice, and induction heating is
commonly used in industry. Mr. Baker's arrangement provided a treat-

ment by induction.

Continuous currents used in experiments on growth are employed
in very small intensities. Most of the high frequency experiments
have involved the application of rather intense treatments. The tem-
perature of the experimental animals or material has been raised, and
interest has been directed toward the effect of elevated temperatures.
Mr. Baker's theory is that small doses of high frequency treatment,
"minute currents comparable with those in nature", cause a better
metabolism resulting in more efficient utilization of feed and faster

growth.

That chickens can be stimulated by minute quantities of radi-
ated energy is evidenced by the response of layers to lighting in win-
ter months and by short flashes of light as reported by Staffe (1951),
and of growing chickens to controlled cycles of light and darkness re-
ported by Clegg and Sanford (1951). There is a possibllity that chic-
kens may sense and be stimulated by low intensities of radiation of
much greater wavelength. Mattingley (1946) reported various cbserva-
tions in support of the hypothesis that the capacity for orientation

in birds is based on sensitivity to electromegnetic waves. TFor example,
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homing pigeons were sald to have lost their directional ability in the
vicinity of a radio station while it was transmitting, but recovered
it when transmission ceased. Gordon (19L48) in experiments with pi-
geons, by attaching magnets to their wings, did not show any effect on

homing in an attempt to test a similar theory.

Thus there is a lack of specific evidence to refute or confirm
Mr. Baker's findings. His conclusions may not be supported adequately
by the evidence he offered. The work was forgotten, and, so far, such
a decided effect on growth has escaped detection by others. Those
points provide some basis for question. On the other hand, Mr. Baker
is a man of integrity and of considerable technical background, as
recorded by Poggendorff (1936), and remains = firm believer in the
treatments. There apparently have been no experiments quite similar
to his on chickens. It is also significant that relationships of
electricity and vital processes are not yet fully understood. Elec-
trical treatments are capable of producing various biological effects.
Perhaps it may be a question of application as to whether such an ef-

fect may be to the extent of stimulating some growth mechanism.



EXPERIMENTAL PROCEDURE

The approach selected for this problem involved the use of ex-
periments in which chicks were grown under controlled conditions while
being exposed to various high frequency electrical treatments by in-
duction. Gain and feed conversion of the chicks were the basic crite-

ria.

A selected number of treatments was used to make the comparisons
desired. Detection of some evidence of a growth response, or some other
apparent effect of the treatment, was an objective in each trial The
response w be expected, based on Baker's studies, was large, perhaps
as much as thirty-five per cent or more. Some variations in equipment
and treating schedule employed by Baker suggested that some degree of
variation in the frequency and the treating program was not critical.

It seemed reasonable to expect that use of a treatment patterned after
the original ones, to the extent permitted by information available,
would produce at least some evidence of stimulation. Accordingly, a

treatment similar to his was used in each trial.

The variasble factors of such a treatment were expected to in-
clude the frequency and intensity of the applied field and possible
variations in the treating schedule, such as duration of exposure and
intervals between exposures to treatment. As the induction coil is
more difficult to control and less stable than modern vacuum tube
transmitters, more modern equipment was selected to provide treatments
having differences in frequency and intensity. Radio transmitters and

a short wave generator, normally employed in human therapy, were used
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to broaden the scope of the exploratory treatments.

Practical difficulties provided some restriction on the number
of treatments which could be compared in this study. Non-conducting
pens were required, thus not permitting the use of commonly available
battery pens. Treating pens had to be shielded to eliminate interfer-
ence with radio communication. Equipment suitaovle for providing treat-
ments of desired frequency and intensity was not readily available.
Construction of special radio frequency generators, which might have
been desirable, was considered not justified, but it was possible to
obtain the transmitters or short wave generators needed to complete a
suitable series of treatments. Administering the treatments and main-
taining the experiment required considerable time and close attention.
Consequently, initial experiments were of simplest design involving
two treatments and a control. 1In subsequent experiments, the latitude
of the treatments was extended to include variations in frequency and

intensity of treatments and in the schedule or time of treatments.

In addition to the principal observations made on gain and feed
conversion efficiency of the chicks, chicks were observed for signs of
possible reaction to treatments. In the last experiment, objective
measurements were attempted on heart rate and respiration, but this
procedure was not incorporated as a principal feature of the experi-
ment. Record of heart beats, however, were made on some chicks ex-~
posed to the most intense treatments. Also some birds were sacrificed
at the conclusion of the last experiments for a preliminary histolog-

ical examination of some of the endocrine glands for possible evidence
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of treatment effect.

Five experimental trisls were involved in the study during the
period January 1953 to March 195L, three being done at Michigan State

College and two at the University of Georgia.

Trial 1

Two treatments were used on groups of chicks from age one day
to age six weeks. One treatment was designed to be quite similar to
that used in Baker's experiments. For a second treatment a modern
radio frequency generator was used. A treating schedule was followed
based on Baker's suggestion of a 20-minute exposure three or four
times a day. The experiment was run from February 5 to March 19, 1953
and was located in the nutrition laboratory of the Poultry Department

at Michigan State College, along with feeding experiments.

A random sample of 180 day-old, straight-run White Rock chicks
was divided into three experimental groups, two for electrical treat-
ment and one for a control. Chicks were wingbanded for individual
weight records and were placed under test at age one day for a period

of six weeks. They were weighed at one day and thereafter once a week.

Chicks were held in separate pens (Fig. 1 and Fig. 2) by groups,
each a three-level batbery constructed of non-conducting materials for
the purpose. Floors were of pressed fiber board and the screen was of
plastic. Each deck was 2l inches wide by 36 inches long, had a height
of 12 inches, and was designed to hold 1L to 20 birds from day old to

six weeks of age. Heat was provided at each level by two incandescent
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Fig. 2 View of the arrangement illustrated in Fig. 1.
Non-conducting, three-level pens were used to house chicks
by groups. The control group is in the foreground” shielded
enclosure for the two treated groups is in the background.

15
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lamps above the chicks. Lamp wattage was selected to provide brooding
temperatures beginning at about 90 to 95 deg. F. which was lowered
periodically, as suggested by the temperature and apparent comfort of
the birds, by using smaller lamps. These lamps were on continuously
except during treatment when all were turned off including those in the

control pen.

Each of the two treated pens was encircled by a helix of 10
turns of No. 12 insulated conductor (type TW). The turns were about
three inches apart from front to rear of the pen and thus formed a

large coil enclosing the birds.

Chicks were all fed alike, ad libitum, using a standard all-
mash, chick starting ration containing vitemin supplements and anti-
biotic and identified as Chick Starter, Michigan State College 1953
formula 53 S~1, manufactured by King Milling Company, Lowell, Michigan.
Metal chick feeders and one-quart glass waterers were placed in with
the chicks. Feed was weighed in on gram scales as needed and weighed
back weekly, as the birds were weighed, to provide data on feed conver-
sion by lots. Water was changed twice daily, and pens cleaned twice a

week.

Treatment consisted of energizing with high freguency the coil
enclosing the pen, whereby the chicks were exposed to high frequency
induction. Treatments were administered four times daily at intervals

of three hours beginning at 8:00 AM.

For the treatment patterned after that used by Baker, an induc-
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tion or Ruhmkorff coil supplied by a 6-volt automobile battery was used
as a source of high Frequency power (Fig. 3 and Fig. L). One terminal
of the secondary was grounded and the other terminal was attached to
one end of the helix about the pen of chickens. The other end of the
helix was free. The helix replaces the antenna of the wireless system
which was commonly used at the time for communication before widespread
use of vacuum tube transmitters. The induction coil used is identified
as a 3=inch Edison coil, as manufactured by the Detroit Coil Company,
Ferndale, Michigan. It is equipped with vibrating, platinum contacts.
A spark length of 1=1/l inches to 1-1/2 inches was used in this experi-
ment. Direct current to the coil was maintained at 3.5 to L.5 amperes
at 6 volts d.c., for an average input of approximately 2L watts. Radio
frequency current at a point 18 inches from the spark gap and at the
start of the first turn of the helix normally ranged from 300 milli-
amperes, r.f. to 370 milliamperes, r.f. Natural capacitance of the
helix and adjacent grounds apparently provided a condition of near res-
onance. Additional high voltage capacitors across the secondary ter-
minals influenced, but apparently did not improve, the performance of
the induction coil and accordingly were not used. Power output was
estimated (Bailey, 1910) at less than 12 watts. Frequency veried from
less than one megacycle to over two megacycles as measured on a wide

band receiver.

Mr. Baker noted that during treatment a spark could be seen upon
contact as one touched a chicken with a finger, and also that a neon

tube placed in the pen glowed, indicating the presence of high fre-



Fig. 3 Induction coil used as a source of high

frequency current. This equipment was mounted on
top of the pen of chicks to be treated.

SPARK GAP

HEUX AROUND PE

SECONDARY CIRCUIT
PRIMARY

PLATINUM
SWITCH

CONTACTS

VIBRATOR

PRIMARY CIRCUIT 777777777777777777777

Gn d.
INDUCTION CoIL

Fig. U Electric circuit for the induction coil
pictured in Fig. 3* This arrangement is patterned
after that used in the ecarly experiments by

T. Thome Baker. See Fig. 22.
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quency radiation. Those phenomena were observed during these experi-
ments. The length of the spark developed by touching a chicken appear-
ed to be approximately equal to that used on the induction coil second-

ary.

A radio transmitter was used for the second treatment (Fig. 5,
Fig. 6). As the induction coil is less stable in frequency and is more
difficult to control, the transmitter was selected to permit control of
such factors as frequency and total power output. The equipment used
was a surplus aircraft transmitter, identified as the ARC 5, operated
at a frequency of 6 megacycles with a power input of approximately 35
watts (125-150 ma, 250 V.D.C.) and an estimated power output of approxi-
mately 17 watts. Radio frequency current 18 inches from the antenna
terminal on the chassis and at the initial end of the first turn of the
helix around the pen averaged approximately 0.6 amperes as regulated by
a variable capacitor connected parallel to ground. This arrangement
provided a treatment somewhat comparable to the one using the induction
coil except that this treatment was slightly more intense and was of a

higher and controlled frequency.

The two pens for treatment were placed in a screened enclosure
to reduce interference with high frequency communications. Ordinary
galvanized, No. 16 window screen was used to shield a room 6 ft. 6
inches x 8 ft. x 7 ft. high. The screen was well bonded throughout and
grounded at one point. The control pen was not enclosed in the shielded
area but was placed near the treated pens to have essentially the same

environment of atmosphere and lighting. Arrangement of the experimental



Fig. 5 Radio transmitter used to provide
an electromagnetic field as treatment for
a third group of chicks.

Antenna RF
HELIX AROUND PEN

POWE R

TRANSMITTER
SUPPLY

6 megacycles
AUTO
TRANS.

~Helix around pen,
10 turns 3% opart
of **12, type TW

Fig. 6 Schematic wiring diagram of the equipment
shown in Fig.
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layout is shown in Fig. 1. It was necessary to place the two treated
pens at 90 degrees to each other to minimize mutual induction from one
pen to the other. In any other position there was a pronounced effect

of the circuit of either pen on the other.

Trial 2

The second experiment, March 27 to May 7, 1953, was a duplica-
tion of the first trial except that all male chicks were used, and a
slightly different treating schedule was followed. A random sample of
115 day-old White Rock cockerels was divided into three experimental
groups and assigned to the three pens, two for treatment and one for a
control. Each group was divided into three lots for the decks in the
pens. Treatments were begun at the end of the first week and admin-
istered daily at intervals of four hours beginning at 8:00 AM. Other-
wise this trial was like the first one. The same equipment arrangement

was used and similar data taken.

Trial 3

The third experiment, December 1, 1953 to January 12, 1954 was a
duplication of the first trial except for number of chicks and treating
schedule. A random sample of 108 straight-run White Rock chicks was
divided into three experimental groups, two for treatment and one for
control. The same equipment was used as for trials 1 and 2, and similar
observations were made. Treatments were begun at age one week and con-
tinued for six weeks. Treatments were administered as in trial 2.
Some equipment failures interrupted the treatment schedule for short

intervals but not for extended periods.
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Trial L
The fourth experiment, September 26 to November 7, was located
at the University of Georgia in an experimental building of the Poultry

Department.

Experience with the second experiment suggested the desirability
of replicating the treated and control groups. Accordingly, an experi-
ment similar to that in trials 1 and 2 was set up so that six groups of
birds were involved, two treatments and a control, each with a replica-

tion.

Groups were housed separately, but all were placed in the
shielded enclosure as shown in Fig. 7. The positioning of the various
groups was random even though two groups having the same treatment did
fall at the same end of the enclosure. The pens were like those used
in trials 1 an& 2, of non-conducting materials, but were made six inches
wider, were equipped with side feeders; and the lower deck was two feet
instead of one foot above the floor. Also, heat for the chicks in each
pen was provided by three infra red lamps, one at each level mounted
about 15 inches to the rear of the pen, directed in at chick level.
Intensity of these lamps was manually controlled by use of series re-
sistors in the supply. Panels of galvanized screening, five feet
square, were suspended vertically between pens and grounded to the

overall shielding to prevent radiation from one pen to the next.

Uniformity of experimental blrds was considered to be of parti=-
cular importance in this trial as in nutrition experiments. A random

lot of 500 New Hampshire cockerels was selected and raised for two
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weeks in a brooder house. At two weeks all chicks were weighed in grams
in order to get an estimate of their capacity to grow and were wingband-
ed for individual identification. To avoid wide variability, a sample
of 18 lots of 18 birds each was then selected by pairing individuals,
working from the median weight, thus eliminating the heaviest and small-
est birds and providing a slightly restricted but random selection of

birds for the six experimental groups of three lots each.

The procedure used for this pairing involved preparing individ=-
ual index cards showing the wingband number and weight of the chicks.
Cards were then arrayed by weight from small to large and the median
welght determined. Beginning with the median weight, cards were dealt
from the lower weight group to the right to start 18 lots. Cards were
then dealt to the left on the same 18 lots, then to the right again,
and so on until each of the eighteen lots had 9 birds each below the
median. Then, beginning at the median and working toward the heavy
chicks, an additional 9 cards each were added in the same manner to
each of the 18 lots. This selection provided 18 lots of 18 chicks,
each having almost identical weights by lot and range of weights of in-
dividuals. The eighteen lots were then assigned at random to the six

experimental groups.

Chicks were all fed alike, ad libitum, on a standard broiler
ration containing vitamin supplements and antibiotic, and sulfaquinoxi-
line, as manufactured by the Marbut Milling Company, Augusta, Georgia.
Feed was weighed out into cans by lots for a week supply and weighed

back as the chicks were weighed weekly to get feed conversion records.
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CGlass waterers placed in with the chicks were changed twice daily and

pens cleaned twice a week.

The electric circuits used are shown in Fig. 8. Treatments were
administered four times daily for 20 minutes at a time at intervels of
four hours as in trials 2 and 3, and were begun when the chicks were

two weeks old.

One treatment involved the use of the induction coil and was
similar to treatments used in trials 1, 2, and 3 except that two pens
were connected to the ungrounded secondary terminal. This arrangement
provided a less intense treatment, approximately half that for the
other experiments. A spark length of 1-1/l inches was used on the in-
duction coil, and input current was held to L amperes at 6 volts d.c.
Radio frequency current at the initial end of the first turn in each
pen was about 200 millamperes. Frequency ranged from approximately one
megacycle to two megacycles as measured on a wide band receiver. Gther

frequencies were present but not predominant.

A 32.5-megacycle transmitter, crystal controlled, was used as a
source of radio frequency for a second treatment. Total power output
was estimated at 20 watts as indicated by use of a dummy antenna re-
placing the connection to the two pens. Radio frequency current at the

first turn of the helix on each pen ranged from 50 to 150 milliamperes.

A fluorescent tube was used to indicate presence of high fre-
quency in each treating pen, but no additional electrical measurements

were made. The electrical characteristics of the helix on each treated
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pen changed as the size of the chicks increased, but accurate measure-
ments of this change were not made. Movement of the chicks within a
pen also changed the resonant frequency of the helix slightly as did

accumulation of droppings, which are conductive.

At the end of the experiment, five birds were selected at random
from each of the six pens and were sacrificed for removal of some of
the endocrine glands. The pituitary, thyroids, adrenals, and testes
were removed for a preliminary histological examination by the labora-
tory of the University of Georgia Poultry Department, to gain additional
information as to possible treatment effect. These tissues were weighed
as removed and placed in fixing solution pending preparation of slides

for microscopic examination.

Trial 5

The final experiment, December 29, 1953 to March 9, 195, was
carried out in the same location as trial L but was much more elaborate.
Up to this point the number of treatments employed was quite limited.
It was decided to increase the number of treatments and to attempt mea-
surements of heart rate and respiration, and to msgke a preliminary exam-~
ination of samples of tissues from the endocrine glands as in trial l

as additional possible measures of treatment effect.

The trial involved eight different electrical treatments and

three controls. The experimental layout for this trial is shown in

Fig. 9.

Four of the three-deck pens from the previous experiment were
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used in this experiment: one for an untreated control, one for a con-
tinuous treatment using the spark coil, one for a continuous treatment
using a 6é-megacycle transmitter, and one for a continuous exposure be-

tween plates held at a high potential difference of unchanging polarity.

The purpose of the continuous treatments was to get a comparison
of treated vs. untreated birds using a maximum time of exposure as a
possible means for producing evidence of a growth response, thus pos-
sibly eliminating questions about time intervals and duration of treat-
ment. The treatment involving unchanging polarity of the applied volt-

age was intended as a possible check on frequency treatments.

In addition to that group experiment, seventy birds, comprising
seven experimental groups of ten were housed in individual cages. Posi-
tions of individuals were randomized. Three of these groups were used
for three respective treatments of different intensity, all of the same
frequency, 16 megacycles. Two of those groups were used for two respec-
tive treatments of different frequencies, 6 megacycles and 32.5 mega-
cycles, of approximately the same intensity. The two remaining groups
were used as controls. The ten birds comprising a group were removed
from their cages daily for treatment as a group and then returned to

their cages.

Birds for this trial were selected from 500 New Hampshire cock-
erels, vaccinated against bronchitis and Newcastle disease, and paired
at age two weeks as in the preceding trial. Eacn of the four large pens

held 5L birds, 18 to the deck making a total of 216 birds in that por-
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tion of the experiment. Seventy birds were selected for the individ-
ual cages. As there were 12 lots of 18 birds each in the larger pens
and 7 groups of 10 in the individual cages, pairs 1 to 10 were selec-
ted for 19 different lots. Pairs 11 to 18 were selected for only the
four large pens. This arrangement was intended to provide a common

basis of selection for all lots.

Treatments were begun on the large pens, Groups 1 through L,
when the birds were two weeks old and continued for four weeks to age
six weeks. Treatments were begun on the birds housed individually,
Groups 5 through 11, when they were three weeks old and continued for
four weeks. It had been intended to start all treatments at the same
time, but there was an unaccountable delay in the arrival of individ-

ual cages.

For the continuous treatment from the induction coil, a spark
length of 1/L inch was used, and current input to the primary was held
to 2 amperes at 6 volts. The total power input was approximately 12
watts, about half that used in trials 1, 2, and 3 and, on a pen basis,
the output was estimated to be approximately equal to that used in
trial L although at lower voltage. The radio frequency current 18
inches from the secondary terminal of the coil and at the initial end
of the first turn of the helix averaged about 150 milliamperes. A
variable high voltage capacitor shunted across the secondary terminals
of the induction coil improved the performance of the coil operating
under these conditions. The capacitor consisted of two flat plates of

2l-gage aluminum, X in. x 6 in., separated by three plates of single



31
thickness window glass, having an estimated capacitance of 100 wufd.
Predominant frequency was about 1.6 megacycles as measured on a wide-

band receiver.

For the second continuous treatment, an ARC=5 transmitter oper-
ating at 6 megacycles was used, having an estimated power output of 10
watts. Radio frequency current between the transmitter and the helix,
connected as an antema averaged about 150 milliamperes, ranging from

50 to 200 milliamperes.

For the third treatment, one pen was equipped with 2L=-gage alu-
minum plates, 26 in. X 32 in., above and below each of the three lots
of chickens as shown in Fig. 10 and Fig. 11. These plates were ener-
gized from a 15,000-volt, 30 m.a., luminous tube, alternating current
transformer connected as a half-wave rectifier. A d.c. voltmeter made
up of a O - 1 milliammeter, d.c., and a series resistor of 20 megohms
(1000 ohms per volt) read 8000 volts across the plates. Top and botton
decks were exposed to voltage of the same polarity, negative overhead,
and the middle deck was exposed to the opposite voltage. Movement of
dust particles within the pens evidenced the presence of a charging
field. Chicks were exposed to this treatment continuously from age
two weeks to age five weeks, except when waterers were changed or the
birds removed for weighing. At that time the height of the individ-
uals was enough to cause a short circuit between plates, and it was
necessary to turn off the treatment. Lots were hela in the pen however

utll age six weeks.
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In the second portion of the experiment in which birds were
housed individually, two treating arrangements were used, one for two
treatments involving difference in frequency and one for three treat=-
ments in which the difference was a matter of time and intensity,

(Fig. 12 and Fig. 13).

A treating coil, 2l inches in diameter, 2L inches long, of L2
feet of 1/2-inch copper refrigeration tubing (Fig. 1L and Fig. 15) was
arranged for connection to either of two radic transmitters, one an
ARC-5 transmitter operating at 6 megacycles and one a 32.5-megacycle
Motorola model FST-508R transmitter. Treatment was accomplished by
placing the 10 birds in a non-conducting, plastic screened box, 22 in.
x 2l in. x 10 in., within the treating coil for 1-1/2 hours daily.

The exposure of 1-1/2 hours was comparable in total time to the four
20-minute treatments daily as used in the preceding four trials. The
treatment was more intense than the earlier treatments in that the
size of the coil was smaller for the power output, estimated at 15
watts (based on 50 per cent of measured input to the power supply) for
both transmitters, but extremely mild as compared to the remaining

three treatments.

For three additional treatments, a short wave generator, as
commonly used for human therapy, provided treatments at 16 megacycles
by induction. A ILiebel-Flarsheim, Model SW-221, machine was used with
a standard induction cable looped three turns, six inches apart, a-
round a non-conducting, plastic screened box, 10 in. x 2l in. x 10 in.,

holding the 10 birds, (Fig. 16 and Fig. 17). The treating circuit was



Fig. 12 Individual cages used to house seven
experimental groups of ten birds. Chicks were

removed from these cages once daily for treatment
as a group.

Fig. 13 View of the equipment used for treating
birds in groups of ten.



Fig. IU  Arrangement for exposing groups of ten
chicks to the high frequency field produced by a
radio transmitter. Pen is non-conducting.

RF.

POWER TRANS-
SUPPLY MITTER

IIS v.

Fig. 18 Circuit used for the treatment
shown in Fig. 1U. Transmitters were interchanged
to get different treatments.



Fig. 16 Short wave generator used for intense
treatments on groups 6, 7, and 8. Machine is one
commonly used for human therapy.

SHORT
WAVE
1o
6ENERATOR 0z

Fig. 17 Circuit arrangement of Liebel-Flarsheim
model SW-221 generator shown in Fig. 16.
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tuned to maximum intensity, reading 12 to 25 on the power indicator, -
a relative indication on a machine capable of approximately 250 watts

output, this being about 20 to L0 per cent of the output capacity.

The first treatment with this arrangement was intended to be
one of maximum intensity. The ten birds in the cage were exposed for
a period of 30 minutes, once daily, for four weeks. With a typical
room condition of 72 deg. F. at a relative humidity of 60 per cent,
this exposure appeared to be as much as they could safely endure. The
birds experienced a rapid increase in rate of respiration as the treat-
ment was applied, which became normal about twenty minutes after treat-
ment was discontinued. Temperature of the birds was elevated from ap-~
proximately 106.2 deg. F. to a maximum of 110.2 deg. F. Temperature
was measured intermittently with clinical thermometers, rectally at

three-fourths inch insertion.

The second and third daily treatments were identical with the
first except for the time of exposure, which was respectively 15 min-

utes and 8 minutes.

A cardio-vibrometer (Fig. 18 and Fig. 19) as manufactured by
The Brush Company, Cleveland, Ohio and as described by Odum (19L0)
was used to measure heart beats and respiration of birds selected at
random from the various groups, in a search for a possible reaction
of birds under treatment or a possible treatment effect. This measure
was abandoned, however, except for some birds exposed to the most in-

tense treatments. The individual was placed in a small box and allowed



Fig. 18  Pick-up crystal of cardio-vibrometer
and arrangement used in measuring heart and
respiratory activity.

Fig. 19 Amplifier for signal received from pick-up
crystal and the recorder for heart and respiratory
activity.
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to come to rest before a record was made. Cne end of the box rested
on a pivoted support, and the other end rested on the arm attached to
the crystal detector. The signal from the crystal resulting from the
heart beat or respiration of the bird was transmitted to an amplifier,
then to a recorder. From the recorded wave, counts were made of the
peaks caused by heart beats and the peaks caused by the breathing. To
determine the reaction of birds to the application of the electromag-
netic field, the box holding the bird was placed within the treating
coil, and a wooden dowel rod was used for a linkage arrangement to

transmit the vibrations to the pickup crystal well below the coil.

A sample of five birds from each lot was sacrificed at the end
of the experiment as in trial i for a preliminary examination of some

of the endocrine glands.

Remaining birds were placed in broiler houses and were weighed
at eight weeks and at ten weeks as a further check on possible gain

effects.



RESULTS

No marked differences caused by the high frequency electrical
treatments were found between treated and untreated birds as measured
in terms of gain and feed conversion efficiency. Nor did there appear
to be any change in the treated chicks to suggest the geed for other

objective measurements of their growth or behavior.

Birds exposed to the most intense treatments experienced a rise
in body temperature and an increased heart rate and rate of respiration
during treatment. Measurements of temperature and heart rate showed
that these two body activities became normal within a few minutes fol-
lowing the treatment. Rate of respiration, not measured, appeared to
become normal in the same time. Similar measurerents among birds from
other groups under mila treatment were attempted, purely for the pur-
pose of obtaining supplementary information. These measurements were
abandoned when it became obvious that differences, if any, between
treated and untreated birds were so small that they could be measured
only by a very large number of observations, so many as to be prohibi-

tive in this study.

A preliminary histological examination of tissues from some of
the endocrine glands removed from a sampling of treated and untrested
birds in trisls L and 5 revealed no additional evidence of treatment
effect. A more complete examination therefore appeared to be of doubt-

ful value and was not made.

The results of the five trials are summarized by trials in the



pages following.

The presentation of results of the gain and feed measurements is

similar for each experiment, and includes four principal tables:

le A summary of the mean gains of the experimentsl chicks by

treatment and the standard deviation of those means.

2. An analysis of variance of the net gains of chicks for the
treatment period. It is assumed that the net gain is representative of
any cumulative effects on growth caused by treatment, the principal in-
terest in the experiment, and caused by other conditions of the experi-

ment.

3. A summary of the feed consumed, total gains, and feed conver-
sion ratios of the groups of chicks by treatment. The figures include
the gain and feed consumed for all birds participating in the experiment
and not just those completing the experiment. The feed conversion ratio
is judged to be quite representative of any cumulative effects of the
experiment as far as feed efficiency is concerned. As the gain data is
analyzed rather completely and as no new differences are suggested in
the comparison of feed conversion ratios, no further mathematical treat-

ment of that data is provided.

L. A summary of the initial weights and gains by weeks in a
form which depicts the experimental design. The purpose of this table
is to provide a record of the progress of the various lots of birds cdur-

ing the experiment so that, if necessary, a more critical examination
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might be made of the data summarized otherwise.

Trial 1

The first experiment involving a comparison of two electrical
treatments and a control showed no differences in gain or feed conver-
sion between the control and treated groups of chicks. Table 1 summa-
rizes the gains by treatment. Table L records the progressive gains of
birds by weeks. There was no mortality in this experiment, although the
two largest birds and the two smallest birds were removed at the end of
the fourth week from each of the three lots comprising a group in order
to leave more space for the remaining L8 birds per group. Mean weights
for groups were only slightly affected by that change.

TABLE 1. MEAN GAINS OF WHITE ROCK CHICKS FROM AGE ONE DAY
T AGE SIX WEHKS, BY TREATMENT AND SEX, TRIAL 1

Treatment Sex No. of Mean Gain Standard
Chicks Grams Deviation
None Male 26 565.7 42.3
Female 22 LB87.6 L5.3
Induction Male 29 5577 Ll.6
Coil Female 19 L82.L 38.2
Transmitter Male 32 Suh.3 L9.2
(6 meg.) Female 16 L8844 51.3

The gains by treatment are compared as shown by the analysis of
variance in Table 2. Although the experimental design justifies removal
of any differences because of pen level, or height above floor, those
differences obviously are unimportent and are not removed from the error
term. In a preliminary analysis of variance, it was found that interasc-

tion between sexes and treatment, two degrees of freedom, was not signi-
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ficant. That interaction is pooled with error in Table 2.

TABLE 2, ANALYSIS OF VARTIANCE OF GAINS IN GRAMS
OF WHITE ROCK CHICKS FROM AGE ONE
DAY TO AGE STX WERKS, TRIAL 1

Source of Degrees of Sum of Mean F
Variation Freedom Squares Square

Total 13 L51,L46 - -
Sexes 1 16L,275 16L,275 77.3
Treatments 2 425 212.5 0.1
Error Lo 286,746 2,048.2 -

F Value required for significance between treatments at {ive
per cent level: 3,07

Feed efficiencies of the experimental groups of chicks are shown
by feed conversion ratios, total feed consumed divided by total gain,
in Table 3. There is close agreement between these figures indicating

no marked differences between treatments.

TABLE 3. FEED CONSUMED AND FEED CONVERSIGN RATIGCS
OF WHITE ROCK CHICKS FROM AGE ONE DAY TC AGE
SIX WEEKS, TRIAL 1

Treatment Feed Consumed Total Gain Conversion
Grams Grams Ratio
Feed/Gain
None 73,677 28,765 2.56
Induction Coil 73,010 28,359 2457
Transmitter, 6 meg. 73,512 28,129 2.61
Trial 2

The second experiment was complicated by a failure of the control
group to grow normally during the first week prior to treatment. The
11l White Rock cockerels either were not adequately randomized, or else

the control group had some experience, unaccounted for, possibly disease,
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which caused their growth to be less uniform and on the whole less than
expected. Initial weights of all three experimental groups were fairly
uniform, but gains for the first week prior to treatment suggested a
difference in capacity to grow in favor of the groups assigned for elec-
trical treatment. An analysis of the gains for the first week is given
in Table 5. This difference was thought at first not critical but be=-
came consistently more pronounced as the birds developed, Table 6.

Mortality for the experiment was 2 birds from the initial 11l.

TABLE 5. ANALYSIS OF VARIANCE OF GAINS OF CHICKS
IN GRAMS DURING FIRST WEEK PRIOR TO TREATMENT, TRIAL 2

Source of Degrees of Sum of Mean F
Variation Freedom Squares Square

Total 113 7900 - -
Groups assigned 2 639 319.5 11« 883
Error 111 7261 65 .l

%% F Value required for significance at one per cent level: L.78

Differences in gain which appear to favor the treated groups
cannot be attributed to the treatments because the sample of chicks at
the beginning of treatments was not valid. It was observed that the
largest chicks in the control group at the end of the test were fully
as large as the largest chicks in the treated groups. The control group
had several chicks which could be designated as runts, suggesting that
the growth of the control was not normal. This variation is shown by

i fferences in the standard deviations of the mean gains of the various
groups shown in Table 7. An analysis of variance of the gains in this

experiment is given in Table 8, but the differences indicated are not
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useful as a basis for comparison of treatment effect.

TABLE 7. MEAN GAINS OF WHITE ROCK COCKERELS
FROM AGE ONE WEEK TO AGE SIX WEEKS, TRIAL 2

Treatment Number of Mean Gain Standard
Chicks Grams Deviation,Grams
None 36 120.9 101.7
Induction Coil 38 L470.0 577
Transmitter, 6 meg. 37 183.8 77.9

TABLE 8. ANALYSIS OF VARIANCE OF GAINS IN
GRAMS OF WHITE ROCK COCKERELS FROM AGE ONE
WEEK TO AGE SIX WEEKS, TRIAL 2

Source of Degree of Sum of Mean F
Variation Freedom Squares Square

Total 110 198,437

Treatments 2 79,677 39,838 10.27
Error 108 118,760 3,877

T Value required for significance at one per cent level: L.82

Records of feed conversion, summarized in Table 9, follow the
same trend as the mean gains, but the differences are not so pronounced.
It is to be expected that chicks which grow poorly are not efficient
Differences in these ratios cannot be taken as evidence

users of feed.

of treatment effect, but do reflect a difference between the groups

which has been described.
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TABLE 9. FEED CONSUMED AND FEED CONVERSION RATIOS
OF WHITE ROCK COCKERELS, AGE DAY OGLD TO
SIX WEEKS, TRIAL 2

Treatment Feed Consumed Total Gain Conversion Ratio

Grams Grams Feed/Gain
None h2,905 16,505 2.60
Induction Coil 16,13 19,141 2el1
Transmitter, 6 meg. h6,132 19,388 2437
Trial 3

The third experiment, similar in design to the first two, also
showed no significant differences between groups either in gain or
feed conversion efficiency, thus confirming the results of trial 1.
Results of trial 3 are summarized in Tables 10, 11, 12, and 13 in the
same manner as for the preceding tests. Mortality in this trial
amounted to three birds from the original 108, all occurring in one
treatment group. However, this mortality was ascribed to factors

other than the treatment.

TABLE 10. MEAN GAINS OF WHITE ROCK CHICKS
BY TREATMENT, AGE ONE DAY TO AGE SEVEN WEEKS, TRIAL 3

Treatment No. of fean Gain Standard

Chicks Grams Dev.,Grams
None 36 6lily«39 108.35
Induction Coil 33 617.30 112.7h

Transmitter 36 633.81 81.00
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TABLE 1l1. ANALYSIS OF VARIANCE OF GAINS IN GRAMS
OF WHITE ROCK CHICKS FROM AGE DAY OLD
TO AGE SEVEN WEEKS, TRIAL 3

Source of Degrees of Sum of Mean F
Variation Freedom Squares Square Value
Total 10L 1,060,050 - -
Treatments 2 12,758 6,379 046
Error 102 1,047,292 10,267 -

F Value required for significance at five per cent level: 3,0L

TABLE 12. FEED CONSUMED AND FEFD CONVERSION RATIOS OF
WHITE ROCK CHICKS FROM ACE FOUR WENKS 1/
T0 AGE SEVEN WEEKS, TRIAL 3

Treatment Feed Consumed Total Gain Conversion Ratio
Grams Crams Feed/Gain
None L0,1h1 1l,h39 2.78
Induction Coil 37,h69 12,56l 2.98
Transmitter, 6 meg. L1,070 13,8L9 2.96

l/ Feed records were begun at the end of the fourth week.
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Trial

The fourth trial was complicated to some extent by two factors.
One was a mild respiratory infection among the birds during part of
their fourth and fifth week, halfway during the treatment period. The
second, less disturbing factor, was the presence of 16 pullets among
the total sample of 32L chicks, presumably a sexed group, all cockerels.
The females were removed from the final data because the number was too
few to consider as a representative sample based on sex. Four addi-
tional birds were lost during the experiment, making a total of 20 in-
dividuals removed from the entire sample, or a loss of 6418 per cent of
the total observations. The effect of the respiratory difficulty is
noticeable in the gains for the fifth week as compared to the fourth
week, shown in Table 1lLi. Differences in gain for those two weeks would
be expected to be larger in favor of the fifth week. The birds appar-
ently had recovered from the condition during the sixth week, and this

is evidenced by the normal gain for that week.

The intended precision of the comparisons made in the experiment
was impaired by those circumstences, but the test is considered vealid.
A summary of the gains is shown in Table 15, and an analysis of variance
of the gain data is presented in Table 16. Significance at the five per
cent level is indicated between treatments. This difference is apparent
in the summary in Table 15 but cannot be assigned to the treatments.
The level of the difference is not high because it could occur, of
course, once in twenty due to chance. The difference could be loca-
tional since, because of the design used, the two pens having maximum

gain are located at one end of the space used, (Fig. 7, page 22). Also
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TABLE 15. MEAN GAINS GF NEW HAMPSHIRE COCKERELS
FROM AGE TWO WEEKS TO AGE SIX WEEKS,
BY TREATMENT, TRIAL L

Treatment No. of Mean Gain Standard
Chicks Grams Dev., Grams
None 101 5Lh8.75 60.21
Induction Coil 103 569 .6l 6l 1y2
Trensmitter (30 meg.) 100 565.57 59.41

TABLE 16. ANALYSIS OF VARIANCE OF GAINS IN GRANS
OF NEW HAMPSHIRE COCKERELS FROM AGE TWO WEEKS TO
AGE SIX WEEKS, TRIAL L

Source of Degrees of Sum of Mean F
Variation Freedom Squares Square Value
Total 303 1,161,190 - -
Treatments 2 21,888 12,hhh 3.30
Error 301 1,136,302 3,775 -

F Value required for significance at five per cent level: 3.03;
and at one per cent level: L.68.

TABLE 17. FEED CONSUMED AND FEED COUVERSION
RATIOS OF NEW HAMPSHIRE COCKERELS FROM AGE
TWO WEEKS TG AGE SIX WEFKS, TRIAL L

Treatment Feed Consumed Total CGain Conversion Ratio
Grams Grams Feed/Gain

None 161,694 57,72k 2.801

Induction Coil 166,325 59,980 2,806

Transmitter, 30 meg. 165,763 9,332 2.794
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the difference might be attributed to effects of the respiratory dif-
ficulty if the control group had been affected more severely than the
treated groups. That this might have been the case is suggested by the
drop in rate of gain principally during the fifth week for that group,
Table 1h, accounting for a difference sufficiently large to cause the
difference indicated by the analysis of variance. It is noted that
there is not a significant difference between gains for the other week-

ly periods, including those for the sixth week.

When the loss of observations and the conditions of the experi-
ment just described are considered, it appears that there is little
reason to think thalt there was any treatment effect. There is no doubt
that there was not a marked effect on gains attributable to the treat-
ments. This conclusion is supported by the close agreement of the re~

spective feed conversion ratios shown in Table 17.

Weights of the endocrine glands removed from ten birds sacri-
ficed from each treatment group at the end of the test are snown in
Table 18. These observations possess too much individual variation to

form a sample suitable for conclusive statistical treatment, and no

trend is apparent among the weights.

A preliminary histological examination 1/ of these tissues by

the Poultry Department, University of Georgia, revealed no evidence of

1/ The author is indebted to Dr. Robert S. Wheeler, then Head of the
Division of Poultry Husbandry, for this examination and for the one
reported for trial 5.
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marked differences in morphology between the respective tissues of the
treated and untreated birds. That conclusion was based on objective

measurements taken on slides selected at random from the treated and

control groups.

TABLE 18. MEAN WEIGHTS OF ENDQCRINE GLANDS
FROM SAMPLES OF BIRDS FROM EACH GROUP, TRIAL L

Treatment Body Wt. Pituitary  Thyroids Adrenals Testes
Grams Mg Mg. Mg, Mg.
Untreated 807.2 645 71.6 92.2 222.1
Induction Coil  834.2 6.2 78.3 62.h 251.3
Transmitter 809.0 5.8 7960 81.33 288.1

Weights for thyroids, adrenals, testes are total for two glands.

Trial 5
No evidence of a growth response from treatments was developed

in trial 5.

This experiment consisted of two parts. The first part involved
four groups of chicks, identified as groups 1 through L, one of which
was used as an untreated control and three of which were exposed to
continuous treatment. The second portion involved seven experimental
groups of ten birds which were raised in individual cages, five groups
being exposed by groups to respective treatments once daily, and two

groups being used as untreated controls.

Observations are summarized under headings: feed and gain mea-

surements, histological examination, and other obsarvations.
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Feed and Gain Measurements

Gains for the treatment groups of the first part of this exgeri-~
ment, groups 1 through h, are summarized in Table 19. There were no
significant differences between the gains of the various treatment
groups. There was a highly significant difference between the gains
for the decks or pen levels in this test, the bottom level showing the
nighest gain. The analysis of variance, Table 20, accounts for those
differences. This trial was run during the winter months, and there
was a temperature gradient, not recorded, between the top of the pens
and the concrete floor. It therefore seems reasonable to think that
the enviromment for the bottom level was more favorable for growth.

A1l groups did not respond identically to this condition as is indi-
cated by the significance of the treatment by level interaction and as
may be determined from the summary of gains by levelg and treatment in
Table 22. This still might have been a reflection of differences in
enviromment. Since each treatment group was housed separately, treat-
ment effect could be confounded with a pen effect, and the interaction
perhaps might be referred to as a pen by level interaction. Of principal
importance, however, is the fact that differences between treatment

groups were not significant.

Records of feed conversion efficiency are shown by Taole 21,
and do not suggest marked differences between treatsd and untreated

chicks.

Gains for the seven groups, 5 through 11, in the second part of

1 3 h 3 ] 3 P NOL 3 -
trial 5 are susmmarized in Teble 25. Yo significent differences are in
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TABLE 19. MEAN GATNS OF NEW HAMPSHI B COCKERELS
FROM AGE W0 WEEKS TG AGE SIX WEEKS,
GRCUPS 1 THROUGH li, TRIAL 5

Treatment Number Mean Standard
of Chicks Gain, Grams Dev., Grams
None 53 595.28 61.90
Induction Coil N 601.78 60,40
Transmitter, 6 meg. ol 609.11L 116463
High Voltage, D.C. sl 589.56 37463

TABLE 20. ANALYSIS OF VARIANCE OF GAINS IN CRAMS OF
NEW HAMPSHIRE COCKERELS FR0M AGE TWO WEEKS TO
AGE SIX WEFKS, GROUPS 1 THROUGH L, TRIAL 5

Source of Degrees of Sum of Mean F
Variation Freedom Squares Square
Total 21h 596,597 - -
Treatments 3 12,080 1,027 1.77
Pen levels 2 78,5h0 39,270 174 253¢
Treatments x Levels 6 13,890 7,315 3420y
Error 203 162,087 2,276 -
T values required for significance:

d.fe 5% level 1% level

3, 200 2.65 3.58

2, 200 3.0L LTl

6, 200 2.1, 2490

TABLE 21. FEED CONSUMED AND FEED CONVERSION RATIOS
OF NEW HAMPSHIRE COCKERELS FROIM AGE TWO WEEKS
TO AGE STX WEEKS, GROUPS 1 THROUGH L, TRIAL 5

Treatment Feed Consumed Total Gain Conversion
Grams Crams Ratio -Feed/Gain
None 72,187 31,505 2430
Induction Coil 75,881 32,390 2.3?
Transmitter, 6 mege. 72,803 32,891 2.21

High Voltage, D.C. 73,584 31,83 243l
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dicated among the groups as shown by the analysis of variance of the
gains, Table 23, by the feed conversion ratios in Table 26, or by the
analysis of variance of the individual amounts of feed consumed, Table
2. Although the gain and feed intake data could be analyzed jointly,
the two sets of observations are analyzed separately for purposes of
simplicity. There is considerably more error in the measure of the
feed intake than in the measure of the gains, ten per cent or more
against one per cent. Also errors in measures of feed intake are not
consistent among individuals, not only because of differences in their
capacity to utilize feed consumed but also because of wide variation
in individual feeding habits. 1t was observed that some of the birds
were meticulous eaters and others particularly wasteful. Efforts were
made to minimize waste of feed, but that difference remained.

TABLE 23. ANALYSIS OF VARIANCE OF GAINS TW GRAMS OF
NEW HAMPSHIRE COCKERELS IN INDIVIDUAL CAGES FROM

AGE THREE WEEKS TO AGE SEVEN WEEKS,
GROUPS 5 THROUGH 11, TRIAL S

Source of Degrees of Sum of Mean F
Variation Freedom Squares Square Value
Total 69 138,523 - -
Treatments 6 27,931 11,655 0.7
Error 63 410,592 6,517 -

F Value required for significance at five per cent level: 2,16

TABLE 2);. ANALYSIS OF VARTANCE OF FEED CONSUMED, GRAMS,
BY NEW HAMPSHTRE COCKERELS IN INDIVIDUAL CAGES
FROM AGE THREE WEEKS TO AGE SEVEN WEEKS,
GROUPS 5 THROUGH 11, TRIAL 5

Source of Degrees of Sum of Mean F
Variation Freedom Squares Square

Total 69 1.,090,0L8 - -
Treatments 6 13L,170 22,361 0635
Error 63 3,955,878 62,792 -

F Value required for significance at five per cent level: 2416
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Histological examination

Weights of endocrine glands removed from five birds sacrificed
from each group at the end of the test are shown in Table 27. As in
the preceding trial, individual variation obscures any trend in weights,
if present, and the number of observations is too few to permit con=-

clusive statistical analysis.

A preliminary histological examination l/ of these tissues re-

vealed no evidence of treatment effect.

Other Observations, Trial 5

Measurements of hearlt rate and rate of respiration on birds se-
lected at random from the various groups revealed that differences, if
any, between treated and untreated birds were slight and, because of
individual variation and other factors, could be determined only by a
great number of measurements. The other factors affecting heart rate
include the time the bird has been away from feed, his state of rest,
activity, or excitement, and the temperature of his environment. That
there might not have been differences is indicated by the fact that in-
dividuals exposed to 90-minute treatments using the 6 and 32.5 mega-
cycle treatments exhibited no change in heart rate or resciration. For
those reasons, an extensive number of measurements of heart rate were

not made.

The mean heart rate of one typical set of L7 observations on 5-
week old New Hampshire cockerels at rest was 320.5 beats per mirute

with a standard deviation of L2.7 beats per minute. The rate of res-

1/ Loc. cit., page 52.



TABLE 27. MEAN WEIGHTS GF ENDOCRINE GLAKDS FROM
SAMPLES OF FIVE BIRDS FROM EACH GROUP, TRIAL 5

63

Treatment Body Pituitary Thyroids2/ Adrenals Testes
(and Group) 1/ Wbt ,Grams Mg Mg. Mg, Mg.

Untreated (1) 8L2.1 6oLy 96.8 99.9 269.3
Induction Coil (2) 820.6 9.1 76436 10242 291.8
Transmitter (3) 8L5 .2 6eTl 6349 80.3 30L.7
High Voltage, D.C. (k) 755.8 7.16 53.5 8643 287.4
%@&&ﬁ_—_ﬁﬂf_ﬁ{—;ﬂ_I@J—mg
16 Meg., 30 Min. (6) 10L49.6 11,8 126,2 128.U 805.8
16 Meg., 15 Min. (7) 1082.2 10.1 111.2 137.L 921.3
16 Meg., 8 Min. (8)  1079.L 9460 106.6 133.2 551.2
é Meg., 90 Min. (9)  1053.0 11.16 105.2 13545 673.7
32.5 Meg., 90 Min. (10)1025.8 9.6L 106.L 110k 8614
Untreated (11) 975.6 11.3 78.6 11l.2 556.6

1/ Groups 1 through ki, age six weeks;
= Groups 7 through 11, age seven weeks.

2/ Weights for thyroids, adrenals, testes are for two glands.
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piration for the same group of birds at the same time had a mean of

37.3 per minute with a standard deviation of L.5 breaths ver minute.

Under all treatments in trial 5 except for the three intense
exposures (those treatments for groups 6, 7, and 8), there apparently
was no effect on heart rate caused by application of the treatment.
Under the three intense treatments, however, as was to be expected,
the temperature of the birds was raised during treatment, and there
was a corresponding increase in heart activity and in rate of respira-
tion. Rapid rates of respiration could not be measured accurately at
the time and are not recorded. These effects were temporary, being
initiated by the application of treatment, and lasting for a few min-
utes after treatment. Tables 28 and 29, and Fig. 20 and Fig. 21 illus-
traté those effects. Environmental temperature, and probably rela-
tive humidity, had an effect on the capacity of the birds to endure
these treatments. Lower temperatures noticeably relieved the stress

of the treatment.

Energy transfer to the birds under these conditions was esti-
mated to be at the rate of gpproximately 6 to 10 Btu per hour per
bird. This estimate is based on the temperature rise of containers
of a saline solution, used to replace the birds in the cage enclosed
by three turns of the induction cable of the short wave generator.
The saline solution was a 0.2 per cent concentration of NaCl and dis-
tilled water. It was held in ten glass containers, each having a
weight equal to that of one chick. The solution has an electrical

conductivity under those conditions comparable to that of human tissue
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(Osborne and Holmguest, 19LL).

TABLE 28. BODY TEMPERATURE OF NEW HAMPSHIRE COCKERELS,
AGE FIVE WEEKS, BEFORE AND FOLLOWINC TREATMENI OF
HIGH FREQUENCY INDUCTION 1/

8-~Min. Treatment 15-Min. Treatment 30-Min. Treatment
Elapsed Body Temp. Elapsed Body Temp. Elapsed Body Temp.
Time,Min. Deg. F. Time, Min. Deg. F. Time, Min. Deg. F.
0 106.h 0 106.L 0 10642
8 108.3 . 15 109.1 30 110.0
12 107.9 19 109.3 e} 108.2
18 107.1 25 107.7 55 106.2
23 10667 30 107.0
28 106, 35 10647

TABLE 29. HEART RATE OF NEW HAMPSHIRE COCKERELS,
AGE FIVE WEEKS, BEFORE AND FGLLOWING TREATMENT
OF HIGH FREQUENCY INDUCTION l/

8-Min. Treatment 15-Min. Treatment 30=Min. Treatment
Elapsed Heart Rate  Elapsed Heart Rate Elapsed Heart Rate
Time, Min. Beats/min. Time,Min. Beatsfmin. Time,Min. Beats/min.

0 281 0 30h 0 297
8 32l 15 3Lh7 30 3L8
11 317 17 332 32 347
1 299 19 312 3l 321
17 299 21 310 36 312
20 296 23 303 38 312
23 293 25 303 Lo 31k
26 291 27 302 L2 317
29 285 29 300 Ik 308
31 297 L6 293

L8 290

50 290

52 287

1/ Frequency of the applied electromagnetic field was 16 megacyclese.
~ Energy transfer to the birds was estimated to be at the rate of
6 to 10 Btu per hour per bird.
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DISCUSSION OF RESULTS

Since apparently no marked differences were developed in the ex-
perimental birds between those exposed to high frequency and those un-
treated but handled alike, two principal deductions might be made.
Either the original treatment was not closely approximated, or the dif-

ferences observed by Baker were caused by factors other than the treat-

ment.

Some doubt may exist as to whether or not the treatments employed
in this study were nearly identical with those used by Baker. The orig-
inal communication does not record a description of the electrical
treatment in terms to permit exact duplication. The frequency used can-
not be determined closely. The power used can be estimated with less
. possible error. That the circuits and quantities employed in both the
original work and this are quite similar, however, is evidenced by close
agreement of the circuits used in the two instances. The importance of
this question is minimized further by the scope of the observations re-

ported from the present investigation.

The electrical arrangement depicted by Fig. L, used in each trial
and with some variation, is essentially the same as that provided by
Mr. Baker, illustrated in Fig. 22. There could be differences in the
electrical characteristics of the two circuits, in which there are two
important parts, the induction coil and the helix about the pen of
chickens. (The performance of an induction coil of this type is an-
alyzed in detail in the two references listed, Jones (1932) and Bailey

(1910)). It is of interest that the induction coil provided by the
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. ) if .you snould undertake any work in this
direction and would care to communicate your results,
1 should be most grateful.

Yours very truly,

cluCJLL

L¢ECU

; CKfJrXUY. o ‘ A

yy#

Fig, 22 Electrical arrangement for treating chicks suggested
by the original investigator who reported getting growth re-
sponses from the treatment. lhe circuit depicted here and that
shown by Fig. I* are essentially the same.
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Detroit Coil Company for these experiments is a type as used for wire-
less communication prior to World War I and still retains an identifi-
cation W~=3, meaning a three-inch (spark) coil for wireless communication.
Although of American manufacture (it is also identified as an kdison
coil), it possibly is quite similar to the coils of British make of the
same period. The original communication suggests the suitability of a

three-inch coil for experiments of this type.

With regard to the helix about the pen, the spacing and number
of turns employed was based on the arrangement described in the orig-
inal report and discussed in the more recent personal communication
from Mr. Baker. Although it is considered that this portion of the
circuit would provide no appreciable source of difference, it must be
acknowledged that the proximity of ground and other conducting material,
about which information was incomplete, could influence the treatment

to some extent.

Since the use of a static transformer supplied directly from a
230-volt, ternating current supply, presumably was equally effective
as a source of high frequency treatment when connected as illustrated
in Fig. 22, some differences in frequency and power output from the
high frequency generator must not have been critical. In general,
some variation in frequency and minor variations in power output are

not critical in obtaining effects with high frequency, such as heating.

Tt was recorded earlier that the phenomena noted by Hr., Zaker,
the spark from the chick and the glow of a neon tube, were also observed

in these experiments. Though not descriptive of the treatment in sbe-
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cific terms, the presence of these Phenomena was a manifestation of

some degree of the similarity sought between his arrangement and this

one.

The treatment schedule suggested by Mr. Baker, an exposure of 20
minutes three or four times a day, was followed by using that exposure
four times a day. In addition, one trial provided a comparison of
treatments in which the treated chicks were exposed continuously during

a four-week treatment period.

On the basis of those facts, it might be assumed with slight
reservation that there were no great differences between the treatments

used by Baker and the treatments used in this study.

Further, treatments at various frequencies and treatments with a
considerable range of variation in intensity were tried without produc-
ing any growth response or change in feed conversion efficiency in the
chicks. The only effect of the treatments observed was one of heating
and increased metabolic activity resulting from the application of
rather intense treatments, a total effect attributable to heating.
These findings are in accord with those of many other investigators,
including Knudson and Schaible (1931) who found that raising the body
temperature of young rats to L0.5 deg. C. did not retard their growth
appreciably, and with those of Christie ard Loomis (1929), wre, ir 2
study of the biological effects cf high frequency involving frequen-
cies from 8.3 to 158 megacycles in experiments on mice, concluded that
the effects on the animals can be fully explained or the basis of the

heat generated by the induced high frequency currents. though some



72

investigators have suggested the possibility of effects other than
heating, as discussed by McKinley (1936) and by Osborne and Holmquest

(19Lk), there was nothing in this work to suggest that there was any

effect other than that of heating.

More complete information on the source, magnitude, and charac-
teristics of the natural electrical potentials of the experimental
birds might have provided more insight into the possible influence to
be expected by super-imposing upon them another electrical field. In
the absence of that information, and without additional evidence of a
specific electrical effect, or the equivalent, from treatments of this
nature, then the claim by Mre. Baker provides the principal basis for
thinking that there might be a growth response or similar effect on
chickens to be obtained in such a manner. Since treatments of a type
considered similar have been tried without getting the same results,
but instead, agreement with the findings of others insofar as the
studies are comparable, it may be considered that the responses ob-
served by Mr. Baker were caused by factors other than the electrical

treatment.

Chickens are quite variable creatures. As cormonly observed in
growth experiments, significant differences in rates of growth of sim-
ilar chickens may be caused by such things as slight differences in
environment, differences in care and handling, difference in manner of
feeding and watering, and other factors. In order to obtain valid com=
parisons of growth between groups of chickens, it is necessary to se-

E - +
lect carefully an arrangement of the groups so as to account for *the
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influence of those many variable factors which become involved in any
measure of a treatment effect. This is now commoniy done with the aid
of well known experimental designs which permit conclusive statistical
analysis, Cochran and Cox (1950). Even s0, researchers are plagued
with the variability mentioned. Although sound statistical methods
have been employed in some instances as long ago as a hundred years,
the use of statistical methods has become popular and widespread only
in recent years, since the time of the early experiments by Mr. Baker.
He did not describe the manner in which he made his comparisons, nor
how his untreated birds were grown. It is unlikely that the compar-
isons were made in a mamner which would bear critical analysis by the
standards used today. The differences he observed possibly were

brought about by one or more of several factors other than the elec-

trical treatment.

Further study along the lines of this investigation appears to
have little justification. A more fruitful approach might involve a
study of the natural potentials of the bird, the source, magni tude,
and characteristics of those potentials in a manner somewhat similar
to that used by Burr and Hovland (1937) except to include fully devel-
oped chicks at various stages of maturity. That information, perhaps
it need not be complete, might provide a basis for suspecting a pos-

sible effect from the application of external potentials.

Also, the procedure used in trial 5 in which the temperature
and heart rate of birds were charted immediately before and following

an intense treatment by high frequency electromagnetic induction sug-



7L

gests a method of determining additional facts about the capacity of
chickens to withstand the application of heat and rid themselves of the
excess heat. The use of different conditions of heating combined with
different cooling environmments would afford the observations which

might be of value in predicting the performance of the bird under dif-

ferent environmental conditions.



SUMMARY

Young chickens were exposed to the electromagnetic field within
coils energized at different frequencies and at different intensities
from high frequency generators to determine the possible effects on
their gain and feed conversion. Marked increasses in growth and im-
provement in feed conversion efficiency of young chickens exposed to
such treatment were reported by Baker (1913) and indicated that the
treatments might have possibilities for practical application. Although
similar effects had not been reported by others, and it seems such a
marked response could not have been overlooked, the literature did not
provide the evidence to refute the claim. The original investigator,
still active, was firm in his belief. His claim apparently had hereto-
fore not been investigated. The purpose of this study was to determine
if the effects reported might be obtained in young chickens by the use
of high frequency electrical treatments similar to those used by Baker
with a view toward determining the factors involved and learning how to

utilize the stimulation to practical advantage.

Five experimental trials were involved, three done at Michigan
State College on White Rock chicks and two at the Universilty of Georgia

on New Hampshire cockerels during the period January 1953 to March 195k.

Principal treatments involved the use of a Ruhmkorff coil as
used in the early experiments. Although it was not possible to prove
that the treatments used in this study and the early one were identical,

it appearsd that the extent of the difference was not eritical tased on
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variations of the treatment as described by Baker which apparently
were equally effective. Furthermore, additional variations in the

treatments used in the present experiments increased the scope of pos-

sibilities of this investigation.

No marked differences caused by the high frequency electrical
treatments were found between treated and untreated birds as measured
in terms of gain and feed conversion efficiency. Nor did there appear
to be any change in the treated chicks to suggest the need for other

objective measurements of their growth or behavior.

Birds exposed to the most intense treatments did experience, as
was to be expected, a rise in body temperature and increased heart and
respiratory activity during treatment, which became normal a few min-

utes after the treatment.

A preliminary histological examination of endocrine tissues
from samples of birds from some of the experimental groups did not re-

veal any evidence of treatment effect.

It is considered likely, in view of the present findings, that
the differences observed by Baker might have been caused by factors

other than the high frequency electrical treatments.
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