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Statement Of Problem

The work of taking field strength measurements of
radio station WKAR was undertaken prinarily to aseertain
the direotional effects of the radiating system, the
shielding effects of the antenna supparting structures
and surrounding buildings, and to determine if there
were any erratic conditions on or sbout the college
campus which might effect the transmission of radio
signals., lLetters and reports received at the station
from radio listeners throughout the country indicate
very clearly that the s8ignals are not being received
with equal efficiency in all directions. The tests
porfarmed, and reported in this thesis, were expected
among other things to definitely decide if local cone
ditions were responsihble for the variation in transmission
efficiency in different directions from the station.

Other problems or special side issues were to be
solved and dealt with as they arose in the natural
ocourse of taking measurements as were the subjeots

suzgested by advisors as the werk mogressed.
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Reports of this nature naturally include a descrip-
tion of the station, of field apparatus, methods of
calidration and procedure, and & discussion of difficul-
ties encountered in the field and results obtained.

In addition to all this, it is thought advisable
t0 include somewhat of the theory involved in such a
tést.‘ For instance, the theory of wave propagation and
directional charaoteristics of different types of

antennas, A discussion of this thsory follows.
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Theory of Wwave Xropagation

The space about an antenna carrying alternating
current 18 ooccupied by two £i0lds each comprising an
electromagnetic and electrostatic component. One of
these, known as the induction field, is surging back
and forth from the antenna, Ko energy 18 lost to this
f1eld from the antenna circuit. The induction field is
familiar to any eleotrical engineering student as the
phenomenon of indioction is jroduced by it. The induoc-
tion field is compmrised of eleotric and magnetic compon-
ents which are in time and space quadrature with each
other.

‘*here is another field present known aus the radiation
f1e1d. This field represents energy which i1s transferred
t0 the medium surrounding the anteana and mever returns
to it, The radiation field is slso divided into electric
and magnetié components, but unlike the c omponentas of the
induotion field these two components are in time phase
and at any point rise and fall simultaneously. PFigs. 1
and 2 show the phase relation between the eleotric and
magnetic field. The reason given for the yresence of
the radiation field is that in rapidly changing fields
all the energy does not have time to return to the
antenna and travels away from the antenna with the speed
of lights.

The space surrounding any conductor carrying alter-
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nating ocurront of any frequency will be occupied by
both induotion and radiation fields, However, in the
case of the lower frequencies such as the commercial
frequencies used for power transmission most of the
energy has time to return to the conductor and for this
reason the radiation field will be negligible. On the
other hand, when higher frequencies are used such as
radio frequenoies the field 1s ehanging 8o rapidly that
a great portion of the energy does not return to the
antenna and the radiation field hecomes of importance.
The induction field will still be mmresent but inasmuch
as this field varies inversely as the square of the
distance and the radiation field varies as the first
power, the induction field will become negligible at a
short distance from the antenna,

The above theory is acoording to liorecroft’s in
Chapter 9 of Principles of Radio Communication.

The induction field becomes negligible at distances
greater than one wave length. At distances equal t°‘£b;
the fields are equal. For points closer to the antonn:
than this the induction field predominates. For points
farther away the radiation field predominates and the
induotion field falls off rapidly with the distance and
becomes heglisible.

This theory is according to He H. Dellinger in
Prinociples of Radio Transmission and Reception With
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Antennas and Coil Aerials, which appeared in the October
1919 issue of the A.I.X.BE. Journal. In the same article
Mr. Dellinger prescnted a mathematical proof that the
induocticn field varies as the square of the distance
while the radiestion fleld varies as the first power.
Morsoroft evidently accepts this proof aa amnthoritative,
and it ie repeated here.
DERIVATIONS OF THEORETICAL FORMULAS
l. Radiation From An Antenna

"Formula (8) below, giving the radiated magnetic
field at a distance from an antenns, is a welleknown
formula, It has been given by various writers, and is
the only one wesented in this paper that requires any
deep consideration of fundamental electromagnetic theory.
The result is in faot implicit in Maxwell's classical
treatise, 'Elsotricity and Magnetism'. The derivation
given here is much mare direct and brief than the others
the author has seen, and 18 given only for that reason.
The derivations of formula (10) and following ones are
8t111 simpler, and will be of mcre interest to most
readers.

"The units unsed in this paper are intermational
electric units, the ordinary elestric units based on the
ohm, ampere, centimeter, and second. (See paper by the
author on 'International System of ¥lectrio and kagnetio
Unita', Scientifio Paper of the Bureau of Standards No., 292)
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~ The unit of magnetioc fisld intensity is the gilbert per
em., often called the cgs., unit., The only exception to
the use of units of the international system is in cer-
tain of the raotical formulas where lengths are exypressed
in meters or miles where so stated.

"In the following discussion is calculated the
magnetic field intensity produced by a flat-tdp antenna,
having electrioc current of uniform value throughout the
length of the vertiocal partion. Lost antennas in practise
approximate closely this condition.

The symbols used are:

i « 4nstantaneous current

I, = maxigpum value of current
= offective value of current
= 1instantaneous value of magnetic field intensity
; maximum value of magnetic field 1ﬁten51ty
= eoffective value of magnetic field intensity
‘ height of aerial
; distance from sending aerial
= 2 g times frequency of the current
= time |
= wave length

°oyw & ey EgE g~
L]

= velooity of electric waves = 3 x 1010

cm, per
second
Subsoripts 8 = sending, r = receiving, a = antenna,

¢ = coil.
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"In Fig. A the upper heavy line represents the
flat top of the antenna, and the lower heavy line the
grounding area, Suppose a current is flowing, having
the instantaneous value 1 in the vertical portion. The
magnetioc field intensity at any point due to & varying
current is dittérent from that due to a steady current.
Consequently the field cannot dbe calculated in the same
way that the magnetic field intensity of a straight wire
is ordinarily ocaloulated, When the ourrent is varying,
the mgnetio field intensity is calculated by the aid of
a quantity called the vector potential in such a way that
the variation with time is taken into account., The in-
stantaneous wvalue of the vector potential of current in
the vertical conductor at a distance 4 in a plane per-
pendicular to the conduoctar, is

As ‘igh (1)

where (1) indicates that for any time t the value of 1
18 taken for ths imstant (t - 4/c).

v
n — - - — —d — — —

P

Pig. B - Cslculaticn of Magnetio Field at a Distance

From An Antenna.

Suppose the cﬁrrent in the antenna is a sine-wave
alternating ourrent,
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Therefore (1) = I, sinw (t - a/e)

A= hli[ = h én sinw(t - d/0) (3)

The magnetic f1a3ld intensity is calculated from the
vector potential by the general relation Hy = 0.1 curl
A, which for this simple case of a straight éonduotor
besomes

Hy = _1 2A (4)

the direction of Hy being perpendioular to the plane of
h and d. Prom equation (3)

B = - h.uL;a cog wW(t-d/e) « h 18 sinw(t-d/c) (6)

"This equation gives the magnetic field intensity
at any point P at a distance 4 from the antenna, The
second term represents the ordinary industion field
associated with the current, while the first term is
the radiation field. At a considerable distance the
second term is negli;ible because the second power of &
oocurs in the denominator. The f£irst term then repre-
sents the magnetio field radiated from an antenna at
the distance 4 from tha antonna., The distance 4 is
measured along the earth's surface, because the waves
follow the curvature of tha earth's surface instead of
proceeding straizht out into cpace. For a considerable
distance from the antenna, {the maximum value of the
magnetic field intensity during a cycle 13 therafore

Hy = _h W
c
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Expresaing in terme of effeotive values,

He hl (6
> R )

"Henceforth H means the radiated field unless it
is specifically stated to be the total field. The last
equation may be exmressed in terms of wave length instead
of by the relation '

_U._)__ = 2' ‘7)
[ n
Therefare H= 29 h 1l
7Y |

Using the subsoript s to indicate that it is the sending

rather than the receiving antenna which is econsidered,

Hae 2 1 8
¥ %% a (8)

"PThis dorivafion follows the conceptions presented
in the early jrges of Lorents, 'The Theory of Klectrons'.
It 18 equivalent to Herts's intricate proof, but is more
direct. The way in which the result is exmressed here
accords more closely with the physical ideas and with
astual practise, being expressed in terms of current
rather than electric charge, since it is current that is
actually measured in an antenna and the current further-
more is generally uniform in the vertioal portion of
the antenna.

"Pormula (8) gives the radiated magnetic field from
a sending antenna at a distance 4 along the earth's sur-

face. The units are the gilbert per cm. for H, the
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ampere for I, and the centimolor for =1l lsngtha, as
previously statcd.

"Undcmped alternstin: current in the antenna wus
asgumade Tho canme result, hcwever, 13 cbteined if the
ourrent 13 dnmpode At very great distences from the
sending aeriml, the mugretic fiold is less than that
ealoulated by forrmla (8), because of ausorption of the
pmer of the wave &3 it travels alonge %“his nny be
taken into sgcou it by multiplying the right~hund member
of (8) by a correetion factor Py« The valus of this
faotor for dayti:e transmission over the ocean, derived
from the expsriments of L. wWe Austin, Sclentific Papsr

of the Bureau of Standards lioe 1593 1911, 48

7 .c -0 +000047 &/V (9)

for 4 and both in meterus. 7This correcticn ordinsrily
needs to bo appliei only when the distonce 18 greater
than 100 kilometers.”

This wocof that tho redietion fleld varise inversely
as the f£irot power of tho dictance does not agreo with
experirental data .resented by Lloyd Zsponschiocd in an

article entitled "Radio Iroandcast Coveraze of City ireas”
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which appeared in the A.I.E.E. Journal for November,
1926. Parts of Espenschied’'s conclusions and ocurves
are shown below. The parts eoncerning fading is not
pertinent to the above proof, but it has not been cut
from the article because it oontains some interesting
oconclusions upon wave propagation and because the curves
ooncerning fading are necessary to show the decrease in
field intensity.
~==e-=-"The Character of Radio Broadcast Transmission.
"The fdeal law for broadcast distribution would be
one whereby the transmitted waves are propagated at
eonstant strength over the gone to be served and then
£all abruptly to zero at the outside boundary. All
receivers within the area would be treated to signals
of equal strength and no interference would be caused
in territories beyond. The kind of law which nature has
actually given us involves a rapid decadence in the
strength of the waves as they are propagated over the
service area and then instead of a rapid cutoff a per-
sistence to great distances at field strengths which
although often too low to be generally useful is suffio-
ient to cause interference in other service areas. This
gituation is illustrated in Fig. 3. The upper curve
shows the relation between intensity and distance, the
lower portion the interpretation of this ourve in terms

of areas of reception. The aktenuation traced by the
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heavy line of the curve is that of the components of
radiation which is propagated directly along the earth's
surface, It is this radiation which is ordinarily
utilized for reliable broadcast receiption. The shaded
portions near the outer ends of this curve are intended
to indicate the appearance of variations in the signal
intensity which occur at greater distances, particularly
at night and which are known as fading.

Pig. 3 - The Attenuation of Broadcast Waves in Reference
to the Areas Served.

The evidence of recent researches, particularly
those made at short wave lengths, indicates that these
fading variations are due to radiated energy which has

left the earth's surface at the radio transmitter and
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has been reflected bask to the earth's surface from a
oonducting stratum in the upper atmosphere. At broad
oast frequencies the refleoted wave component is observed
at night, but has not been noticed during the day. At
locations close to the transmitting station the effect
of the reflected component is negligible as eompared
with the strength of the direotly transmitted waves, At
inoreasing distances the directly transmitted waves die
away to very low values and the indirectly transmitted
waves begin to show up and become controlling at the
longer distances, The fluoctuations themselves appear to
be due in part 1f not entirely to variations in the
reflected waves themselves resulting perhaps from fluc-
tuations in the oconditions of the upper atmosphere.

Thus it seems olear that radio transmission involves
wave components of two types, one which delivers directly
to the receiving area immediately surrounding the broad
cast station a field capable of givihg a reliable high
grade reception, and another transmitted through the
higher altitudes which permits distant reception but not
with the reliasbility and freedome from interference re-
quired of high grade reproduction.”

Mr, EZspenschied shows at this point the results of
field measurements upon WEAF in Kew York and WCAP in
Washington., The shaded portions show the variation due
to fading. The daylight curve will be of interest to
this thesis in that it shows that the decrease of field
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intensity with distance is not a straight line function.
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Fig. 4 - Results of a Few lMeasurements Upon the Reduc~-
tion in Field Strengths With Distance Indluding
Distances at Which Fading Occurs.

Mr. Espenschied's paper continues "A fact which is
of importance to our uiderstanding is that fading which
ordinarily is noticed at distances of the order of 100
miles; may under some conditions become prominent at
distances as short as 20 miles from the transmitting
station. Such short distance fading has been experienced
in receiving WEAF in certain parts of Westchester County,
New York. {(See "Some Studies in Radio Broadcast Trans-
mission" by Brown. Martin and Potter Proceedings I.R.E.,
February, 1926) It appears to be a case where unusually
high attenuation caused by the tall building area of
Manhattan Island has so greatly weakened the directly
tranmitted wave a8 to enable the effect of the indirect

wave component to become pronounced at night.
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®In general the attenuation suffered by the normal
surface-transmitted wave varies over wide limits depend-
ing upon the terrain which is traversed., This is dis-
closed by the curves of Fig. 5, which shows the drop in
field strength with distance for a 5 KW station for each
of the following conditions:
a. No absorption, the inverse distance curve, a = 0
~ b, Sea water, for which absorption is relatively small
(a = 0.0015)
Ce Open.country and suburban areas (a = 0.02 to 0.03)
as measured in the vicinity of Neerork and Washing-
ton, D.C,
d. Congested urban areas (a = 0.04 to 0.08 as measured
for Manhattan Island. |
"The fasctor a will be recognized to be the absorp-
tion factor of the familiar_Austen-Cohen empirecal formuls.

e=0.,009 TP .o aad
' A~

P = radiated power in watts
a ; distance in kilometers

; wave length in kilometers
a ; absorption factor
o - volts per meter.

' "The first term represents the decrease due merely
to the spreading out of the waves, the second term the
decrease due to the absorption of the wave energy by the

imperfect conduoctivity of the earth's surface.”



17.

+ ﬁ——JIOOOOO

T
IN
¥
3
>
N
~
o
>
o
T
v |
g
T
~
9
»
g
.
T
~
“
Q
~
>
W

o7

DISTANC E FRoOM STATION 't MILES

Pig. 5 - Effect of the Terrain in Reducing the Field
Strength of a Broad Cast Transmitting Station

The curve in this print which is of particular
value to0 this thesis is the inverse distance curve. It
is undoubtedly true that absorption had a great deal to
do with reducing field intensity at a point some distance
from the transmitter., The inverse distance curve takes
into consideration no absorption, hence any decrease in
field strength is caused by the natural dying out of the

wave due to imcreasing distance.

It i8 not clear how Mr. Espenschied obtained such
a curve. Probably by adding the absorption factor to
the ordinate of one of the other curves, The important
thing about this curve as compared with Dellinger's
mathematical proof is that the field strength varies

inversely as the distance to some power greater than

unity.
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Another excerpt from lir. Espenschied's paper follows:
"ewe-e--A question which naturally arises is that of how
strong a field as measured in this way is required for
satisfactory reception. It is too early in the art to
answer this question very definitely, for it depends
first upon the standard of reception which is assumed
with respect to quality of reproduction and freedom from
interference and second upon the level of interference.
The intefference, both static and man-made varies widely
with time and location. It is, therefore, obviously
impossible to give anything more than a very general
interpretation of the sbsolute merit of field wvalues.
Observations made by a number of engineers over a period
of seversl years in the New York City area, having in
mind a high standard of qualitf and freedom from inter-
ference, indicate the following:

1. Field strengths of the order of 50,000 or 100,000
miorovolts per meter appear to be about as strong as one
should ordinarily desire. Fields much stronger than this
impose a handicap upon those wishing to receive some
other station.

2. Fields between 50,000 and 10,000 /o v/m represent
a very desirable operating level on which is ordinarily
free from interference and which may be expacted to give
r;liable year round reception except for occasional inter-

ference from nearby thunderstorms.
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3. From 10,000 to 1,000 /B v/m the results mey be
gaid to run from fair to good and even poor at times.

4., Below 1,000 P v/m reception becomes distinctly
unreliable and 1s generslly poor in sumuer.

6. Fields as low as 100 Va v/m appear to be prac-
ticslly out of the picture as far &s reliable, high

quality entertainment is concerned.

|
i e £ S
Nad u.l'e‘ £°w°}34~ d

Fig. 6 - Showing the increase in Radiated Power Required
to Increase the Range at Which a Field of 10,000
/e v/m is Delivered.

Burve A - Without absorption.
Curve B - With absorption.
"It is seen from the three preceeding figures that
a b KW station may be expected to deliver a field of
10,000 micro~volts per meter some 10 to 20 miles away
and a 1,000 micro-volt field not more than 50 miles.
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From thie it will be evident that the reliable high
quality program range of a § KW station is measured in
tens of miles rather than in hundreds.

"Rough though this interpretation of field strength
i8, it indicates clearly the need which exists for the
employment of higher transmitting powers. The range
goes up with inorease of power disappointingly slowly.
Even were no absorption mesent in the transmitting
medium, the range in respect to over-ooming interference

would increase only as the sguare root of the increase

in power. This is shown in curve A of Fig. 6.

"It shows that a station which aotually radiates
five KW of power would deliver a 10,000 ju v/m field at
about 40 miles, a 20 KW station the same field at dis-
tance 80 miles, Actually with absorption present the
distances are less. This is shown by curve B which
gives the corresponding relations for the absorption
observed for sudburban and country terrain. To extend
the 10,000 /u.v/n fie1d from some 15 out to 30 miles
would necessitate an inorease in the radiated power from
about 6 to 100 Kw."

It can be seen upon comparing the theory and proofs
of the foregoing authors that Espenschied differs rad-
ically from Morecroft and Dellinger. The field which
Espenschied measures is most assuredly the radiation

f16l14 spoken of by both lkorecroft and Dellinger, because
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the measurements are made at a considerable distance
from the transmitter. It is not easy to understand just
why the reflected wave spoken of by Espenschied should
be 80 much stronger than the direot wave. Assuming
spherical propagation of waves and neglecting absorption
of the so-called direoct wavs it muast necessarily follow
that the intensity of the fields at the point of reflec-
tion and at a corresponding point along the earth's
surface would be the sams because thus far the two are
of the same nature, namely that of the radiation field
and any decrease in intensity will be due to the spread-
ing out of the spherical wave., The area of a sphere
inoreases with the square of the radias, therefore, the
intensity ¢f any charge on the surface should decrease
as the square of the radius. PFrom the point of reflec-
tion it is hard to say just what the nature of the
roflecicd wave 16, but at any rate in order to reach any
spot on the earth's surface the reflected wave must
travel much farther than the corresponding direct wave.
It may be that the difference in the absorption factors
| of the lower and higher strata is large enough to account
for the greater strength of the reflected wave.

Zenneok and Seelig handle this subjest in a slightly
different manner. They say that the electrostatioc and
eleotromagne tic components of the radiation field or

space waves, as they call this field, each vary inversely
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as the first power of the distance. All authors on the
subject seem to agree that the electric and magnetic
components of the radiation field are in time phase
though in space quadrature, and that the flow of energy
is perpendicular to each of these component directions,
If we assume that these components are equal and that
each varies inversely as the first power of the distance
then it followw that the radiation field varies as the
inverse square of the distance. This theory agrees with

Zspenschied's experiments.,
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Directional Effects of Antennas

Inasmuch as the main object of this fileld strength
survey was the determination of the directional effects
of the radiating system of WKAR, it will Dbe well to in-
vestigate the directional effects of various forms of
antennae. The following extract was taken from pages 90
and 91 of "Radio Engineering Principles™ by Lauer and
Brown,

"The energy radiating qualities of an antenne depend
on the shape of the fielde of the antenna, that is, on
the strength of these fiselds in the various directions
around the antenna, It is known that the shape of the
eircuit direotly and fundamentally affeats the shape of
the field, This will be studied here in somewhat greater
detail in the case of antenna circuits.

“Consider a vertical wire antenna, shown in plan
view by point A in Pig. 7 , and assume that a number of
observers equipped with receiving circuits, all identical,
are soattered about the antenna. Assume also that each
one of the receiving oircuits has some device which per=-
mits of measuring the current induced in it when the
antenna circuit "A" is oscillating. Now if the observers
move toward or away from the antenna "A" until they all
obtain the same current reading in their receiving oir-
euit, they will finally find themselvesa on a circle
having "A"™ as its eenter. This shows that a vertical
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wire antenna radlates with equal strength in all dirgc-
tions.

%, similar test repeaied with an inverted "1"
antenna results in a radiation curve illustrated in
PMg. 1 -B, where "G" is the grounded end and "F" the
free end of the antenna. A "T" shaped antenna, being
esentially made up of two inverted ®"L® having a common
vertical portion, has a curve similar to that shown in
Pig. 'f-C. A V-shaped antenna, consisting of a double
"L® antenna with the horizontal portions in the form of
a "V" with a common vertical portion, has a rediation
curve as shown in Pig. 7 -D.

"The directional properties of receiving antennae
are the same as those of transmittihg antennase, As a
general rule it may be said that the meximum directional
effect is in the plane containing the antenna aserial
and lead-in wires, and in the direction of the lead-in
end of the antenna. If, as in the case of a "V" antenna,
this plane is not well defined, then the directional
effect i8 in the plane containing the 10&6-1n wire and
the geometrical center of gravity of the aerial.”

The plan view of the antenna and counterpoise of
WKAR is shown in Fig. 8. According to the preceeding
data on directional properties of antennae, the maximum
directional effect would be expected to lie in a vertioal
plane that passes lengthwise through the antenna. The



effect of the counterpoise design, antenna supporting

structures, nearby buildings, etec. on the directional
properties of the antenna were matters of conjecture

and were left to be decided by the results of the survey.

CURVES SHOWING DIRECTIONAL
CHARACTERISTICS OF DIFFERENT
TYPES OF ANTENNAS
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Description of Nadio Station WEAR

The transnmitting room of WKAR is located on the
second floor of the Michigun State College power house.
The transmitter hae been constructed and put into oper-
ation by the technical staff of the station.

The transmitter has & rated output of 1000 watts.
FPour W.R. 212 D tubes rated at 2560 watte each are used
in parsllel for the oscillators. Kight W.E. 212 D tubes
are used in parsllel for the modulators, while two W.Z.
211 D tubes rated at 50 watts each are connected in a
pash pull stage for speech amplifiers., The Heising
system of modulation 18 used.

In this particular test we are mainly interested in
the o0scillating oircuit, so this will be the only one
taken up in detail. The modhlator and speech amplifier
tubes were removed during the field test to prevent a
waste of power.

The oscilleting circuit is a closely coupled lieisner
employing a tank circuit for the elimination of harmonics.

From the set a feeder tube goes through the roof to
a small pent house where the antenna and counterpoise
tuning condensers and inductances sare located. The tank,

plate, grid, feeder and antenna circuits are all metered.

Radiating System
The radiating system consists of a T-type antenna

and a fan-shaped counterpoise. The antenna has four
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Operating Room at TilAa,



No. 9 phosphor bronze enameled wires held in place by

24 foot wooden spreaders. The whole is supported between
a triangular steel tower and a steel water tower by a
galvanized steel cable connected to the spreaders by
larger pyrex strain insulatora., The antenna hangs at an
average height of 175 feet above ground. The counter-
poise consists of 23 No. 9 enameled copper wires supported
at the center by a copper ring connected to and insulated
from a large soil pipe near the pent house. The wires
are supported at the outer edge by No. 6 galvanized wire
strung between the triangular tower to a building back

of the generator room and from the building to the water

tower. The counterpoise wires are of equal length.

ﬂ
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They are insulsted from the gelvanized supporting wire
by pyrex insulators. The copper ring at the center is
econneoted to the tuning inductance by a heavy copper
strap. The counterpoise is grounded at & node to stab-
ilize the system and facilitate tuning.

The radiation resistance of the system is approx-
imated to be 14 ohms.

Station Surroundings

The station is surrounded by many buildings, &3 one
oan see from the maps used in the field test. Some of
the buildings have a great deal of steel in their struc-
ture, Consequently they might be expscted to absord
considerable energy.

An interesting example of this was noted in the
building upon which thes triangular tower rests, This
varticular instance happened befare the present counter-
poise was installed. It may be added here that the
phenomenon has not besn observed since., This building
has stesl window frames with stesl rods attached to hold
the windows open if desired. Ghostly voices and music
were reported to be heard in one room of this building
at certain times., Investisation chowed that these times
coincided with the brosd casting neriocds of the station.
Purther investigation brcuvght to 1igkt the fact that if
one of the window rods heppened to touch a radiator under

the window during the broad casting period the rod would
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talk end ging. It wag thle disccvery tuot prompted the

constructicn of the gresent counterpoice,

3tation Oparation During the Test

In a tost of this kind it is 1inperative that cone
ditiona at the etzition Lo kept constant in order that a
constant £ield muy be laid downe. 48 one ¢f the sutlors
of this thesis is an cperuter at the station, it was
decided that he sheuld opsrate the siztion while the
othor took the field reudingse At times the other
station cperators were good enough to take the stution
watche This greantly fucilitated the test for tvo cculd
work mmnch fieter meking field tests than cra.

Altheovgh all mete:rs were kept as constant as possible
eupecial attention was 16id to keeping the freauency and
the antenna current conctonte 7he rescon that these two
rezdings wore considerod th2 rcct importunt is beccuse
thie radianted pover ¢f an antenna is cemputed as the

quare of the antcnann currcnt tires the racdieiion
reaietnnce and beceuce the ratisticn recietance veries

with the vquare of tle frogucncye.

Radiation Resistince
Radiation resistsnce is defined by the forrula
Pe IZR. where I is the antenna current and P is8 the
radiated power., The total antenna rosistance is affected
by several factors

l. The resistance of the conductor.



2+ The resistance of neighboring closed circuits;

3. lagnetic materisl close enouzh to the antenna
to be mejnetised,

4. Losses in the dielectric of any condencer in
the circuit.

b« Corona lossce from p:rts of the circuit.

8, Radiation of clectromacnetic energye

lore simply stated antonnu resistance is ¢ivided
into two components.
Ae Lous resistance (including lesse: caused by the
first five a.ove fuctors).

B Radiastion resistance,

The radiation loss i1z the uceful p.rt of antenna
losses and makes 1t povsible to deliver signuls at &
distance from tho antenna, For this reason the radiation
rocictance 18 the more inmportant component of the antenna
roslastance ftind thould comyrise the larger parte It 10
important then to be avle to cepyurate the radistion
resistance from the total entenna resictance in order to
arrive at the power traunsmitted.

There are many methods of measurement and nany
fornulas for erriving st the rudiation resistunce. The
formnlas sre all more or less approximate inasmich ac
they are all greatly affected by the type of anternna
and local conditions,
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Dellinger gives the following formula for a flat

top antenna at wave lengths considerably greater than

Rg = (39.7 P;_\_)z

Moreoroft is responsible for the following forinula

the fundamental.

for a simple antenna

2
Ry =
a ‘/6012)\]}

It i8 not necessary to go further into the theory
of radiation resistance for purposes of this thesis.
The point we wish to show is that all formulas for
radiation resistance show that the resistance varies
as the inverse square of the wave length or as the square
of the frequency.

Hence by keeping the frequency constant the radia-
tion resistance is kept constant, As the formula for
radiated power is

P = I%R
if the current and radiation resistance are kept con-
stant, the radiated power must also be constant. 1In
other words, there is a constant field laid down in the
space surrounding the antenna,

Unavoidable variations of antenna current of .05
amperes were noted during the test, the antenna current
varying from 10.656 to 10.65, but for the most part the

current remained steady at 10.6 amperes,.
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The frequoncy was maintained conctunt to withiin a
fow oyoclas of 1080 KC by means of comparison with a
General Padlo Compuny's bLtandard Pleso Crystsl Oscillator,

approved and calibratod by tho Bureau o0f Standards,



Apparatus

The apparatus neceusary for taking field strength
measuremcnts of a radio transmitting station consiste
of a completely ejuippod specinlly designed radio re-
oeiver and apparatus for cslibrating the receiver to
some 8tandard, The calidbrating apparatus necessary can
be decided upon only after the finrl design of the re-
seiver has been completeds The receiver for this work
is a dovice for detormining the relative intensity or
strength of "f1eld"” set up ebout a radio transmitting
antonna.nnd consists of the fellowing ossential parts;
(1) an antenna, (2) a tuning devide, (3) eome form of
deteotor, (4) an indicating device,

An antenna 18 necessary for the interception of the
transnmitted signals and may be any of the existing typss.
A tuning device or schemo is necessary to bring the
antenna and the associated oircuites to resonance with
the transmitter frequoncy. A detector that will respond
t0 the received high frequency ourrents is necessary to
actuate the indicating device. The indicator should be
a device that will permit the comparison of intensity of
signals received at different places and at different
times, 7The detector might be of orystal or vacuum tube
typee. Becauss of its groanter sensitivity and moro nearly
econatant operating characteristics, the vacuum tube

detector 18 the only kind that will be consideresd.



Pasotors Affeoting Deeign of Receiver

The various factors affecting the design of such a
receiver are; (1) the moans available for transportation
of the device, (2) the character and condition of the
land where msasurements are to be taken, (3) the relative
power of the transmitter under oonsideration, (4) the
distance from the transmitter of the points where measure-
.ments are to bs taten, Obviously, it must be built sturdy
encugh to withatand the jolts and Jjurs that it is likely
to receive in boing carried sbout, &nd also be duly proe
tootsd if it i8 to be subjocted to adverse weather cone
ditionss The effeot of the rxeceding faotors upon the
design of such a teat set will be tnkon up in the order
naned e

The moans available for tran3aportation of the re-
ceiver and the charsctaor and condition of the land where
measurenents are to bo taken are fasctors olosely related
t0 each other, 1t i8 plainly evident that the churacter
of the land may seriously sifect or restrict the use of
sone desirable and avallable mpana of transportation.
I£ roadinge sre to be taken over a large area in the
streets of a 0ity, &n sutomodbile 18 gonerally used.
Again, 1f resdings are to be tazon cdout the countryside,
an automobile can be uced to get near the areas under
question, but the receiver will have to be carried by
hand ia order to re2ach points in the fields. To take
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readings in city streets within a smll &rea, a hand
cars would be useful, If the land spproximates the
conditions prevailinz on the campus &t Michigan Ctate
College, the ohly practicsl method far moving the receiver
about is to carry it by hand, The smmll area of the
campus, tho comparatively short distances between points
where readings are to be taken, and the character of the
land prohibite tho uce of an asutomobiles The cumpus ie
dotted with trees, bduildingz, gardcns, fences, ets., EO
oarrying tne receiver by rznd was the only logie2l cmoans
of transportaticne IIL the outfit is to be carried ex-
clusivoly in an sutomobile, a dbulky receiver using the
convantionsl lurgs and heavy starage batteries would not
be objectionnble, Some thought muct be given to liniting
woight ond sige of the set if it is to be moved sround
on a hand cart. #nnlly, 4f the sot is to be carried
about by hnnd, ite wolight £nd bulk must bo the s zllest
possible that is consic-ent with relladble oeration and
sturdy designe

The rolative power of tho tranomitter under consid-
eration snd t:a distances from the tronumitter of the
points wliore readinss ere to be taken ere factors which
affoot the nocosaary conuitivity of the rcceiver, 1If
the truncmitter 8 of low poer or if mezeurcrments are
to be taken &t ccmgx.ratively long distances from it, the

recoiver must, of course, be extremely eesnuitive and
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powerful in arder that the wenk clgnsls received muy be
made to actuate an electric metor of somo sort. Conversely,
4f the transmitter is of hign power cor the diestances bee
tween measurenent pointo cnd the transmitter are smnll,

a lcas sansitive receiver myyr bo usede

A3 stated before, thoe receiving device must be
strosg eaough to withastand the Jolte &nd Jura tiat it
18 likely to roceive in beinz curried about. In view of
this faet, any vacuun tubocs usod thould be roeferably
mouated in s ;xing cuchion sockets snd mcunted 80 as to
be protcoted frcin any direct blowe NReadings are not
usu~lly taken in windy or stormy weathor, 0 tio o=
cacution of protectii:g the syyparatus from the elcments can
ucuzlly be &isregnrded.

A8 tic radio frejuency field 1s being investijated
1t o satisfuctoary end prefersnble to transmit an u mmcde
ulatei carrior wave., Tais e¢liminatec cna scurce of error
in the re-dinpe due to pocsivle chsnges in thoe porcentage
of modulation, und also reduces the Interlercicao cousad
by the traicaitter to o minimume This fact wiil influcnce
the douign of the recciver considerably. It wo:ld be
unde:irable to dsterninc tre relotive ttrongta of the
roceived siyn:l1 by rans of uan £uldibility meter on the
resoivor bvocnusne the ear 13 a rather poor judge of vare
iation in sound intonsitiese It 45 gonerally conceded

that moaBuroments takon by this rethod would be accurate
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no c6losor than twonty-five por cent. This then elinine
ates entirely tho douirability of modul:ting the carrier
wave and the usve ol un audio frequency amplifier to ine
oreaso the sonsitivity of the sete The usuml wethod of
noting the chaigo in strensth of the received signsls is
t0 notiae thio change in plsts current throush thwe last
tube by meane of a milliznetore The vilue of plate
currest throcugh tho tules of a proporly balonced wudio
froesuency asnplifier is pructiccd ly wiaffocted by chornies
ia the strength of the received eignnl, o &n amplifior
of tuis ty0 would be uselsens sluoo on 2 recaiver thut
wva3d e uipped with a rillirmeter for thes messwroront ¢f
nodulr tod 8ignelse

It follows that the only rexcining recns for ine
creasiry tho sonsitivity or a eimple receivor uced for
ti.is work is 119 addition of rauéio frousncy amplificers,
The kind of recoiver goierilly uced for field sirength
preaguroment work is theo esupereheterodync or a mlti-stsge
tuned rudle freojuency tymwe IJoth ty s wore (riginally
concidered far usa in the vcerk covered by this thesls,
It was vuggested thiet & one tuboe receiver misht be
Bufficient for our use in view of the poier of the college
station {(1CCC watts) cnd the en:ll area that wes to be
coverede 2Policincry teuts proved the sucgoction correct
and the final decizn work wag concentrateld cn a one tube

devicee



Details of Receiver Used

The type of antenns to be used was the first{ point
to bo deoided upone It was cuggested thut a smsll vere
tical antenna supported by a “fish pale™ be used, but
this idea was finally &iocarded in favor of the loop
antenna, 7The loop antcnna has the advantaza of being
less unwieldy and eamsier to move about snony tiio many
trees on variocus mris of the cumpuse Aluo, thoe loop
possecsos well known &irecticnsl effeots which would
make it pounible to deteruine the direction of wave
propagzation at thoe variocus peintse It was propoved that
if erratic loop pooitions were noted during the teosting,
soue interesting points might be brought upe.

The tuning of the circult was simple, bein; dons
b7 a vairiadle "air® condeancer eonnocted in parallel
acroes the loope Jrelirmincry teste on an exporinental
set-up shovwoed that this condoenser (with a maxi-um capue
oity of 250 mf,) was difficult to adjust to obtein
resonanco in the loop eirocuit, so a "midget" vernier
condenser (with a maximam capacity of about 25 mmf,) wnos
oconnectel in prrallel with the main tuning condenser,
Pingl tuiing was acccmpliched wWith the smnll condensor.

A8 stated before, a vacuum tube was uued for the
detectere "Grid bias mothod c¢f detection” was used &
1t permitted the variaticn in sensitivity of the detector
by varying tho amount of grid bilas, This fosture is



valuable when taking readin s extremoly clouve to the
transmitting staticn as will be chown 1lstore The inli-
cating devico wug in tho form of a milli-r.moater in tie
plate circuit of tho vacuum tubee The connesticns of
tho roceiver as it was {inally uced are sncwa in £ig5.10
Tne 1list of parts uced 48 es follous:

1l = loop or coil antenna

1l =« 250 mfe. vuriable air condsencer

1l - 3" dial for above cendenser

l - 25 mraf, variable air condonser e uipped

with knod

e OV=199 trypo vecuunm tube
» UVe159 typo vacuunm tube socket
® S.2.85.%., filument ewitch
« 25 ohm rheostat ejuippod with knod
« 0 to 4 V., voltnetor
0 to 1 lA milliameter
= 4,56 V. "C" battoriecs
e 2246 Vo "3" bLuttery (o:.:l1l size)

e gmEll clelf bracket

S N T T ™)
'

= tripod «nd small pluno tuole

18]
¢

8mall "C" elampu

Ziscellaneous - mounting bourd, screws,
conwectiing wire, etce.

The loop antenna was nude up of eleven turns cf

N0+ 14 bare stranded copoer wire wousd panceke style in
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"ield Set.
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a square forme. Th1o adjacent turns were 3/8" apurt end
the outside turn was 30" sjquare. A dry cell type UV-199
vacuunn tube was used so that a omll "A"™ battery could
be ueed ia ordor to save cpace und keop tho wol:ht as
low a3 poussible, The filsrmont of this tube draws .06
‘ampore at 3 volts and a rogulation "C" battery was uced
for filamont supplye. Incldentilly, this battory gave
saticfoctory sorvice for sl} the tostiag donee The
other "C" bdattery wag used for the grid bias. 4 snall
8ize "3" battery wans uced ia order to mini §z8 the
weighte The voltmeter was used to detormine the fila-

mentl voltaje wiich wes ad juited by 2ans ¢f the rheostute

Thecory of Toceliver

The action of the roceoiver will now be tapon up
from a8 theoreticsl utandpointe we will firet conoider
tro directionnl propurtios of to loocp entonnae 'ige 11
contains a schematic diasran of a loope. Consider an
eloctromasnetio wavoe approaching the loop in 1te omn
plane in a direction shovn by tie urrow. This weve will
cut cenductor "A" and a short tice lutor will cut cone-
ductor "3", Tio time inierval vill nececsarily wo small
becuuce the wave trovels with the ®poed of 1i_nte Cone
ductors "4" and "3"™ aro the sa @ length, thereiore, tre
voltezoa induced in them will be ejusl in negnitude.
Both voltagus are induced in the suno direction in synce

(both up or both down) and in oppouite directions consid-



DIRECTION OF
WAVE ™MoT/0/9

ing the circuit around the loop. . phase difference
exists between the two voltages because of the time

_ taken for the wave to travel the width of the loop. A
resultant voltage “VR™ as shown in the vector disgram
of Pg. 11 then existu aeross the terminals of the loop.
The top and ovottom portione of the loop are ineffective
as far as induced volteges are concerned, these parts
serving only to complete the circuit. If the loop is
now turned so0 that its plane is porpendicular to the
plane of wave propagatioa, the wave will strike the
conductors "A" and "3B"™ at the same time, There will be
no phase difference between the two voltages now and

consequently no resultant voltage at the terminals of the
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loop. Thus it is seen that these two positions are the
ones at which maximum and minimum voltages will be
obtained in the loop. By turning the loop until the
maximum signal 8trength is obtained, the direction of
the plane of wave propagation is obtained by noting the
pogition of the loope.

4 loop antenna, just as any coil of wire, possesses
inductance, the magnitude of which depends upon its
physical constants such as the number of turns, size of
turns, ete. The loop is tuned to resonance with the
inooming wave with a variable ocondenser connected across
its terminals and so the desired value of its self-
inductance depends upon the frequency or frequencies to
be received and the capacitance of the variable condenser
to be used. When the condenser is adjusted so that its
negative reactance equals the positive reactance of the
loop at the incoming frequency, the circuit is said to
be in resonance. The impedance of the ce¢ircuit, around
through the condenser and loop, is thus reduced to its
offective resistance., The current flowing through the
loop and the potential across its terminals will now be
a maximum and the transmitter is 8aida to be properly
"tuned in®™. The terminals of the loop are connected to

the input eircuit of the vacuum tube the action of which

will ncw be considered.
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Theory of Vacuum Tube

A vacuum tube for radio use consists of a filament,
grid, and plate mounted in &n evacuated glass bulb or
tube. Connecting leads from the elements are brought
out to convenient prongs on the outside of the tube for
connections to the associated apparatus. The plate is
in the form of a thin metal sheet bent around the filament.
The grid is a coil of fine wire with wide spacing between
ad jacent turns and is interposed betwesn the filament and
plate.

When the filament is heated sufficiently by the
passage of an eleatric current through it, electrons fly
off into space from the filament surface. These electrons
will be attracted to the plate if it is maintained at a
positive potential with respect to the filament. Lain-
tenance of the.desired positive potential on the plate
is the purpose of the ®"B" battery. The grid is used to
control the magnitude of the stream of electrons between
the filament and plate. If the grid is at a negative
potential with respect to the filament, the eleectrons
are kept from passing to the plate. A4s the grid is
closer to the filament than the plate, a small negative
potential on the grid will prevent electrons froﬁ reach-
ing the plate, even though it is maintained at & rela-
tively high positive potential. If the grid is positive,
electrons will flow to the plate.
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Fig. 12-A is a characteristic vacuum tube curve.
It ocoan be seen that the plate current increases or de-
ereases depending on whether the grid is made positive
or negative. The operating characteristid of the tube
as it was used in the field tests is shown in Fig. 12-3.
The curve is shifted to the right from the position shown
in Fig. 12-4, this being due to the presence of the grid
bias or "C"™ battery shown in Fig. 9. PFrom Fig. 12-B, it
is seen that a given negative potential applied to the
grid ceircuit will not cause the plate current to decrease
as much a8 it will increase when a positive potential of
the same magnitude is applied. Also, if an A.C. voltage
wave is applied to the grid eircuit as wave "“G", the
plate curreat will vary as shown by wave "P", The mean
value of plate current in this case is "Io" and is greater
than its initial value "I;". The increase noted above
is, of coufse, dependent upon the value of impressed grid
voltage and therefore a certain value of plate current
obtained means that a definite voltage is being applied
to the grid.

Calibration Sheet No. 3 shows the operating charac-
teristics of the tube used in the field tests., The
value of impressed grid voltage or voltage induced in
the loop can be determined by noting the plate current
or milliameter reading on the receiver and then referring

to this curve. Grid voltages greater than 1l.5 volts
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were not used because of the flatteming out of upper
portion of the curve. To receive signals of greater
strength than this, the operating characteristic of the
tube was changed as shown in Calibration Sheet No. 6.
This change was produced by increasing the grid bisas
voltage from -4.5 to -12 volts. The set was unsuitable
for the measurement of weak signals of course when the

high grid bias was used.
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Calibration of Field Set

From the preceeding discussion of vacuum tube
ocharacteristics it will be noted that the exact operat-
ing characteristics or curve of the tube must be determined
before it will be known what grid voltage a certain value
of plate current represents. The determination of the
characteristic ocurve is commonly referred to as "calibra-
tion". This is done by impressing various known values
of A.C. voltage on the grid circuit and moting the
corresponding values of plate current. A sixty cycle
A.C. voltage is a satisfactory and convenient source of
grid voltage to use for calibration purposes. The cali-
brating apparatus used in this work is shown schematically
in Pig. 13. It consists of a slid-wire potentiometer and

T TO CALIBRATING
1 ¥ TERMIMALS OF

7O 60~ LS
11O KOLT A.C. | FIELOTEST SET

e

SCHEMATIC OIAGRAM
OF CALIBRATING
APPARATUS
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an A.Ce voltmeter, 7The 110 volt A.,Ce lines were uued
for a source of voltage. The potentiometer wss made up
as shown of a high resistance rheostut connocted in
sories with a low resistance rheoutats 7The low rouiste
ance rheoat:t was useful in obtailning fine variations
in the voltage impressed on the gride The 8liding con-
taots of the rheostats were connscted to the voltneter
and oalidrating terminals of the receiver eas cthown in
the above nentioned fizure,.

The switch "S® shavn in Fizg.10wa3 used to discon~
nest the vacuum tube grid from the loop and connect it
to ths calibrating terminnl. 7This was done when the
tube was to be calibrated in arder tizt the loop would
not "short” tho vource cf grid voltaue. 7The calibrating
terminal s ware connected to the calibration apjx.ratus
and the smll "A™ battory on the receiver replaced by
three standard size dry cells in order to molons the
1ife of the "A" battery usel for fiold worke The grid
voltage was voried in enmsll stops and tne ¢ orresponding
grid voltepes and plate currents recordeis The desired

curve could thon be plotted from the obsorved data.
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Procedure

Units Used For Standard

Practically all field strength measurements reports
which have appeared in the I.R.E. Proceedings and other
technical magazines, have bsen reduced to absolute units
of miorovolts per meter. This procedure is used to
great advantage in meavurements covering large areas
where data on the effective reception 18 desired &nd
where comparison with other stations is to be made. A4All
f1eld measurements of thia nature have taken from two
to three years to complete.

In this test 4t wns not desired to find out the
effective reception over the area, but rather to find
the shape of the field existing in closs proximity to
the antenna, Having somewhat less than three months in
which to oomplete the test znd write the report, the
authors 414 not desm it advisable to go to the troubdle
of reducing the readings to the standard miorovolis per
meter, but took the easier course of reducing the read-
ing to absolute values of voltage induced in the loop.
As these values would be relative the shape of the field
could be easily found by plotting these readings on a
map of the area covered and drawing curves through the

points where equal voltags was induced in the loop.

Method of Locating roints

A map of the campus was obtained from the Buildings
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and Grounds Department of the College, and on this map
were drawn concentric circles with the station location
as a center. The radii of adjacent circles differed by
100 feet. The radius of the minimum circle was 400 feet
while that of the maximum was 2200 feet. Readings inside
the 400 foot circle were thought unnecessary and lack of
time prevented taking readings farther out than the limits
of the map given us. Radii were drawn 15® apart, the
intersections of the radii and circles being taken as
points at which to make readings. The circles were
lettered and the radii were numbered. Each point can be
referred to by its own definite symbol, for instance,

the intersection of circle B and radii 5 is referred to
as point B=56. Fig. 14 shows clearly this method of
reference. A point was easily located on the terrain by
noting the position of the point on the map and sighting

on close-by buildings and roads shown on the map,

Method of Taking lLieasurements

At the beginning of each test the field was laid
down five minutes before measurements were started, in
order that stable conditions would be reached by the
transmitter. At each point after setting up the plane
table the filament voltage was adjusted to exactly 3
volts. The set was tuned to resonance with the variable
condensers and the loop tuned to the point of maximum

reading. The milliameter reading was then recorded and
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the direction in which the loop pointed was observed.
Any decided variation from the direction of the antenna
was noted., The filament switch was then opened and the
apparatus carried to the next point.

On very windy days the field work was discontinued
because the ordimary loop serial gives unsatisfactory
results under such conditions, The reason far this 1is
that the vibration of the wires varies the distributed

oapacity of the loop and affects the tuning considerably.

Reducing the Field Data to Absolute Values

The field data for each day were reduced to absolute
values of loop voltage by referring them to their respec-
tive calibration curvea., After these values had been
obtained from the ocurves they were plotted in their
respeotive positions on the map as is shown in Fig. 15.
Curves were then drawn through points of equal voltage.
These curves were acocepted as showing the general shape

of the £ie1d 1aid down within the 1limits of the map.

Explanation of Data
When the test was started two vacuum tubes were
used. Their characteristics were different as can be
seen by comparing curves A and B of Calibration Sheets
Nos. 1 and 2, The tube having the characteristic curve
A was referred to as the high tube by reason of its

having a higher amplification econstant. The tube having
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the characteristic curve 3 was referred to as the low
tube. The low tube was broken after a few days use so
the rest of the rcadings were made with the high tube.
After seversl days of testing the tube calibration
was used for two sets of field readings, the set preceed-
ing and the set succeeding the calibration data, It was
found by experience that the B and C voltage held constant
over this period. 1In calibrating the tube two or three
sets of readings were taken and the averege of these
used to plot the calibration curves. 1In the following
data sheets the field data is recorded as follows:

Position Plate Current Ip Loop Voltage
or grid potential Eg

In some cases, in the repcrt Eg is referred to as loop
voltage and in other cases as grid potential. The two
are identical.

The calibration data is recorded as measured griad
potentisal Eg, plate current Ip and average plate current
Avg Ip.
Log sheets of the station dats were slso included
in order to show that conditions at the transmitter were
practically constant. The regular ststion log sheets
were used. These sheets were originally intended to be

used for one day's data, but to save space we used them

for several days data.
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Field Data Taken April 16, 1928

Used ™high®™ tube.

Data referred to curve A" of tube calibration sheet #1.

Position Ip Eg
D-24 .95 9.7
E-24 «95 9.7
P24 93 9.5
G-24 92 9.4
H-24 «86 8.9

I-24 .815 8.55

J-24 «66 7.25
K-24 o6 6.55
L-24 .62 6.9
M-24 N 6.55
D-1 e 99 10.0

B-2 o9 9.25



Field Data Taken April 18, 1928

Used "low™ tube.

b6,

Data referred to curve "B" of tube calibration sheet #l.

Boa;tion
D-23
E-4
E-23
F-1
P-2-1/2
F-2
r-4
F-23
G-1
G-2
¢-3
G-4
@-23
H-1
H-2
H~3
H-4
H-23
-1
I-2
1-3
1-4

Ip
73
2
79
81
73
76
«66
«78
76
74
756
«64
o7
o7
71
«66
6
«64
66
«68
«68
6

Eg
11.6
11.3
13.8
14,6
1l1.6
12,6

9.8
13.3
12,2
11.9
12.2

9.4
10.8
10.8
11

9.8

8.65

9.4

9.8
10.26

9.0

8,65

Position
J-1
J-2
J-3
J-4
K-l
K-2
K-3
L-1
L-2
M-2
R-2

Ip
.3
.67
.61
.62
.61
.63
.56
.6
.64
.55
.53

Eg
10.8
10

8.8

9.0

8.6

9.2

7.9

8.65

9.4

7.75

7.4



57.

Field Data Taken April 20, 1928

Used "high" tube,

Data referred to curve "A" of tube calibration sheet #2.

Position 1 B Position Ip Eg

P 8
B-23 .87 9.26 I-23 .62 6.9

B-22 1.0 11.5 J-23 .59  6.65
D-22 1.0 11.5 K-23 54 6.2

E-22 .9 9.75 1-23 .60  6.75
F-22  .845  9.05 ¥-23 .58  6.56
G-22 .8 8455 N-23 .55 6.3

H-22 .75 8.05 0-23 .62  6.05
1-22 .69 7.5 P-23 .40  5.05
J-22 .64 7.1 Q=23 .48  b.7

K-22 .64 7.1 R-23 .44 5.4

L-22  .6256  6.95 S-23 .46  b5.55
M-22 5 643 S-24 .47 5.6

N-22  .525 6.1 R-24 .47 5.6

0-28  .496  5.85 Q-24 .49 6.8

E-21 .59 6+65 P-24 51 6.0

=21 .6 6.76 0-24 .54 6.2

I-21 .64 7.1 F-24 .55 6.3

H-21 .69 7.5 M-24 59  6.65
G-21 .65 7.2

P-21 .87 9.35

3-21 075 8 00



68,

Field Data Taken April 23, 1928

Used “low"™ tube.

Data referred to curve "B" of tube calibration sheet #2.

Position Ip Bg
6-11 «83 16.5
D-11 77 13.2
E-11 «69 10.6
A-11 «82 156.2
F-11 «63 9.3
E-12 74 12.16
F-12 71 11.2
G-12 o6l 8.9
H-12 -6 8,75
B-12 «67 10.2

D-13 73 11.8

D-10 .7 10.9
E-10 .64 9.5
P-10 .62 9.1
6-10 .62 9.1
H-10 .60 8.9

J=-10 «5b 8.0
J-11 e 7.25



59.

Field Data Taken April 25, 1928

Used 'high" tubde,
Data referred to curve "A" of tube ealibration sheet #2.

Position I, Bg Position I Eg
L-10 .48  B5.7 E-9 .75 8405
E-10 .46  b5.5B D-9 86 9.2
H-10  .425 5.25 Cc-9 .95  10.5
0-10 .41 5.1 B-8 74 7.96
P-10 .4 5.05 0-8 84 9,0
Q-10 «39 4.95 D-8 74 7.96
R-10 37 4.8 B-8 .65  7.15
S<10 o34 4,55 P-8 .58 6455
8-9 029 4.1 G-8 .52 64,05
R-9 34  4.56 B-8 47 5.6
Q-9 o33 4.45 1-8 ' 5.05
P-9 o35 4.6 3-8 41 5.1
0-9 3 4.2 K-8 4t 5.05
N-9 W38 4.9 L-8 4 5.05
M-9 42  B.2 M-8 23 3.6
L-9 43 5.3 §-8 37T 4.8
K-9 43  Be3 0-8 o35 4.6
J-9 48  5.45 P-8 o33 4.45
1-9 46  B.55 3-8 o33 4.45
H-9 B85 6.3
@-9 62 6.9

¥-9 N 6.7b



60.

Pleld Data Taken April 26, 1928

Used "low™ tube.

Data referred to curve "B" of tube cealibration sheet #2.

Position Ip Eg Position I], Eg
B~7 77 13.2 P-5 6 8475
c-7 .65 9,7 G-6 5.2 7.55
D-7 .61 8.9 B-5 4.7 6.8
E-7 6 8.75 I-5 b 7.26
P-7 63 7.7 J=5 4.8 6495
G-17 47 6.8 D-3 77 13.2
H-7 <51 7.4 D-11 4.3 642
I-7 .53 7.7 Q-11 3.8 5.5
I-6=1/2 .49 741 R-11 3.8 5.6
L-7 .45 6.5 s-11 3.7 5.35
M7 «45 6.5 S-12 3.75 5.4
K-8 +45 6.5 . R-12 3.9 5.65
J-6 b 7.85 Q=12 3.9 5.65
1-6 44 6435 P12 4 5.8
H=-6 .52 7.55 0-12 4.2 6.06
G-6 044 6435 =12 4.6 6.65
E-6 o7 10.9 M=12 4.7 6.8
D-6 «66 949 L-12 4.7 6.8
B-6 81  14.8 K-12 4.75 6.9
B~5 .84 16 J-12 4.75 6.9
c-5 72  11.5

D-6 73 11.8



61

P1eld Data Taken April 30, 1928

Used "low" tube for first five readings and this data
referred to curve "B" of tube calivration sheet #2
("low™ tube was broken at this time.) Used "high"
tube for the remaining reudings, duta refsrred to
tube calibration sheet #3.

Position Ip 38 Position Ip Eg
G-11 o64 9.6 J=13 43 5.4
H 57 8.25 1-13 b1 61
1 «52 7465 H=13 «57 6.6
J b 7.25 G=13 «6 6.9
K 47 6.8 F-13 «63 7.1

L-11 o4l 6.2
¥-11 33 4.6
N-11 «38 4,95
0-11 4l b2
8-13 oS4 4.6
R-13 «36 4.8
Q-13 39 5,06
P-13 o4 5.16
0-13 4 65.15
H-13 4 5.5
M-13 47 5.7
L-13 ob 8
K-13 49 5.9



Field Data Taken May 2, 19238

Data referred to tube oslibration sheet #3.

Position
0-20
D-20
E-20
P-20
G-20
H=-20
J-20
K~20
L-20

R-20
0-20
P-20
Q-20
R-20
S-20
G-19
1-19
J-19
E-19
I-19
E-19

Ip
.97
.85
.8
RE
.705
.64
575
.54
475
.48
.46

EB
10,85
9.2
8.7
8.2
7.8
7.2
6.6b
6.3b
5.75
5.8
5.6b
5.45
5.156
5.05
4,95
4.9
6.25
6.8
6.25
6.0
5.9
5.7

Position
§-19
0=19
P-19
=19
S-19
F-18
G-18
H=-18
I-18
J-18
K-18
1-18
¥-18
¥=-18
0-18
P-18
Q-18
R-18
8-18

Ip
41
4
«39
375
.36
.675
.6
.6
.52
.51
.47
46
“
41
.39
37
.36
.35
.34

62,



Fie1d Data Taken kay 3, 1928

63,

VYarying power test - field set located on pcsition near

I-17

Referred to tube calibration cheet 4.

Antenna
surrent

10.8
10.6
10.4
10,3
10.0
9.5
8.9
8.4
7.8
7.2
6.5
6.0
5.5
5.0
4.6
4.0
30
10.6

I

6.4
63
6.15
6.1
6.0
5.9
5.7
5.66
5.25
5.1
4.9
4.75
4,55
4.4
4.26
18
3.65
6.3

Antenna
current sgunared

127.5
112.3
108.1
106
100
90.25
79.1
70.5
60.9
6l1.9
42.3
26
2 .25
26
21.2
16
12.26
112.3



Field Data Taken Lay Z, 19226

Data referred to tube ealibration shest #4.

Position
1-17
J=17
K~17
L-17
M=~-17
F-17
017
P=17
Q=17
R-17
5«17
H~-17
G-17
P17
£-17
D-16
B-16
F-16
G-16
H—lﬁ
I-16
J-16
K-16

Ip
57

EB

6.3
6.9
5.5
5.4
4.5
4,96
4.5
4,95
4.6
4.5
4,45
5.55
6.9
7.2
7.9
8.55
7475
7.35
6425
6425
6.2
a4
5.4

Position

L

w W oo w0 W’ K

Ip
475
45D

64.

5.55
6.2t
b6.15
4.5
4.7
4.5
4.95
4.5



Pield Data Taken May 4, 1928

Data referred to tube calibration sheet 4.

Position
M-21
H-21
0-21
P-21
Q-21
R-21
S=21
E-14
P-14
G-14

Ip
«45
46
.49
43
41
.40
37
.70
«69
.59

RB

5.3
Bt
5.65
5.15
5.0
4.95
4.7
7.35
7.2b
6.45

65.



Field Data Taken May 65, 1928

Data referred to tube calibration sheet #3.

Position
D=15
B-15
P-15
@-156
H-15
I-1b
J=-15
k=15
L-156
u-15
N-15
0-16
P-15
Q-16
R-16
S-16

Ip
.78
R7
71
.65
.66
.53
.37
42
49
.36
.39
41
4
.39
.37
.34

EB

7.95
7.7
7.4
6.9
7.0
6.0
4.7
6.1
b.65
4.656
4.9
65.06
4.96
4.9
4.7
4.b

66.



Field Data Taken ay 7, 1928

Data referred to tube calibration cheet #5.

Pogition
L-1
M-1
N-l
0-1
Pl

R-1

S-1

E-14
0-14
P-14
Q-14
R-14
S-14
1-14
K-14
J=-14
1-14
H-14

Ip
.61
59
.56
.52
.5
.5
.48
.47
41
.425
.42
4
.39
.38
.51
.525
.53
.56
.52

Eg
6.6
6445
6.2
5.9
5475
5475
5.6
5.5
5.05
5.15
5.1
4.95
4.9
4.8
5.8
5.95
6.0
6.15
5.9

67.



Pileld Totn Tlen

o 13, 1928

Data raforrad to tubo ocnlibretion slLeet #6.

208
jor |
33
B1l

A10
c3
c2

Cl
B9

23 §

c2
Ad

Ca
D4

A6
A7
A8

675
e
6455

575
7.7

83
79

Bel
9.1
645

6675
7.7
7.556
8.9
Be7

g
15.9
2249
19.1
17.8
2342
17.5
18.3
16.1
19.8
18,3
21.2

204,32

2045
1863
20676
2346
17465
16
17,75
19.8
19.4

J08e
210
C10
312
c12
ne
ALS
€13
C14
Bl4
FAR
415
B15

I
7.6
548

De7

Be4d

5.1
b2
6.5
Be2
7.75
6.7



Data refarred to curve shoet 6.

#4014 Datys M™aien Loy 26, 1928

646
5.8
5.1

6.8

95
845

563
4.5
1.0
2o75
be2
7.6

s
15,75
18.1
17.7
15.5
21
17.5
16,2
15.15
16.55
17.9
20.5
256
21,76
16,55
15,5
14.3
10
12
15,3
1945
1645

69,



7C.

Fiell Duln Uuloa kg 09, 1048

A ocheck oan doubitful areas.

Data roferred to tube calibration sheet #7.

Poie 1 Eg
D10 Coea 10,5
G-10 708 9.1

K-IO 3 .8 6 01
410 Se5 5235
0=10 3 5.4

=10 a7 6.1
S-10 2415 4.9
E=1 Oed

P=l 9.3 1345
G=1 B8e3 11.5
A-1 Ted 97
I~-1 73 9e1
J=1 649 b3
K-l 569 8.0
K=23 4.9 7.1
J=23 6.2 74
1-23 5.7 7.8
H=23 4.5 G.75
G=23 7 9.1
223 8.1 10.5
E=23 7.6 11.5
D23 849 12.2



Tube Celibraticn Dola Talben 4April 13, 1028

Plotzed on tube eslibraticn skeet #1 (curve "A" is for

"hich" tubeg curve "3" is for "low" tube)

Bg

0

10.5
11

Eighxfnbe
ot
85

1.0
1.3
1.8
2.3
2.8
34
4.0
4.6
5e2
548
644
6e9
7.45
8
845
849
9.2
9435
9.6

I
LowPTube

o7

9
l.4
1.75
2,15
2.5
2.8
363
a7
4.0
4,3
4.7

65¢3
Se6
be95
6425
6.6
67
6485

Eg

11.5
12
125
13
13,8
14
14,5
15
15.5
16
1645
17
17.5
18

1
High %u
10

Ip
bo Low Tub:

7.156
73
75
7.7
7.8
7.9
8.l
62
8e3
84
85
8.6
8e7
8476



724

Tube Calibration Data Talen April 25, 1928

Plotted on tubo calibration sheot #2 (curve "A" is for

"high" tube; curve "3" i3 for “low" tube.

E
8 Lov

7.6
BeS

9.5
10
1045
11
11.5

I,
Tibe

o8

«8
l.4
1.76
2.1
2445
2.8
3416
3eb
Ce8
4.2
4.5
4.8
5.15
6.5
5.8
615
6.4
6.5
6.7
6.9
7.05

1
Hish"Tube

3

*45

«95
1.3
1.75
2.25
2475
330
3695
4.6
6.1
5.7
6.3
6495
7.5
8
G5
875
895
9445
975

10

“g

12
12,5
13
13.5
14
1465
15
15.6
16
1645
17
17.5
18

) ¢
Lowp?ube

Ted
75
7.7
7.8
7.95
8ed
8.2
83
Be4b
8455
8465
87
5475



736

™abe Calivraticn Data Talken Ly o, 1928

-21lotted on tubs euliuratlicn shaet I3.

ES Ip
2D

o4

3]

2.5 1.3
3 1.8
3eb 2,25
273

4.5 335
383

18 4.5

6 )

6.5 5e65
7 615
7.5 6478
8 728
8.8 7,78
9 84256
9.0 848
10 9623
1065 9.4
11 9463

11.5 10.0



4.

Tube Calibratioa Data Tnken Lay 4, 1028

2lotted con tude crlinvratica shaet 4.

Eg Ip
«25
48
1.0
2.5 l.4
3 1,83
38 2.4
4 249
4.5 3eb
] 4.0
565 4.7
6 528
6.5 8.98
7 663
7.5 725
8 7.9
845 Be3
9 395
9¢5 9eZ



Tubg CalilLration I'uta Tain Iay 7, 1928

flotted on 1Lubs ¢=librutlon «weet 45,

Bg I
¢ 8
1l 45
2 1.0
245 1.7°5
3 1.78
Sed .28
4 Z.88
4.5 345
b 4.Co
bed 4463
6 De3D
6eb 5498
? 663
75 7.28
8 7.88
8eb 8eT5
9 .18

b 9463

-2
tn



Tave Calivration Todtu Zakea Luy 9, 120

Plottod on tube ealibratiosn pheat [6.

'Qg Ip
10 1.0
11 1.5
1z 275
13 2.5
14 4e3
15 SeC
16 5.5
17 BeZ
13 675
19 7.2
20 775
Z1 G5
a2 8.C5
23 Ge?
24 Ye15
25 fe4
26 9455
a7 9.7
23 Yol



7.

Tule Calilrsticon jete Unbor luy 29, 10LC

Plettad on tuts culibration rhest £7.

Ez o I, By 1
: ¢ 13 Se6
2 o 13,56  10.0
2e8 45
3 N
Y & 1.1
4 18
Y 2.0
& 2,255
5.5 3¢l
6 Za7
Gl 4.2
7 4.7
7.3 Hed5
& 6.0
5«8 6445
9 7.0
%e5 7ol
10 Ea0
105 8.0
pu | £e75
11.5 2eC3
12 Se0

12.6 9435



| Repon atmay operaion__ Miichigan State College, Service Radio S£& coLor?n A7 LEF Mw 192
oave | o UK Tme | On OF . Time [Onc.PL ModPLSp Amp. P | Paw P Amd  Ex | Ol Mod  Sp.Am | Tamk  Feeder Anteana| ency ﬁu
#/6 4:49 5103 4:20 5:03 43 (1525 500 77 \Rm.a..;;wm:ow\nww Pan Npu,._* 3.5 sas |1060]  |Clas
#/76 |3:00 5100 200 [3:02 5700 158530 | 74 /600 146, |2g0 | rmg.m‘w,w.wxp G| " | |Beb
/20 |3:00 Sior 3:00 570/ 1600 . _Vesoite:z|  |l1lo. Nmu._ 204 32006 | " %Wh
4/23 |3:20 5:/0 3:20 510 /530 Z4 |/600 /4.6 109 785 Nn.l 32 mal * | |8Bab
A! 4/25 |3:00 5100 2:00|3:04- 5700 /:56 |/550D 24 (600 /4.6 Nmow Na.l.w.w 10.6 Bs b
%26 19:301/:95 932 1/°4S 1650 25 |teo 147 106 |280 205 3.8 05| " Bob
2/26 | 11:96)2:28 2:58 /(44 12:29 2:56| 1550 480 78 \tesp 'S,z 106 |280 206 38 106" Bai
#/30 |3:24 500 3:26 500 1575 29 (620 /56 106 285 206 3.8 106 Bal
5/2 |3:19 500 3:19 S.0a 1575 460 77 /eSO 15.2 | 18 |270 Na.owu.w O F| Re

RUNNING LOG




ITEM Checked by. REMARKS f ITEM Checked by. REMARKS
~ Time ’ Time
1
Studio Lines " Studio Batteries
2
Union Lines Studio Amplifier
Studio Monitor
Lansing Li Local Amplifier
-ansing Lines Station Amplifier
) Relay Battery
Church Lines Station Amp. Battery
i
Gymnasium Lines ‘14 Volt Battery
Demonstration Lines i Exciter Battery
Stadium | Exciter

—
[

Reo Lines i: Filament Generators
; 2
. :‘1 1
Special Lines " High Voltage Gen.
X 2
Lines ,i Eliminator
’ 1
Lines Receiver Batteries
L Public Address
nes Batteries
Transmitter

Piezo Crystals Bias Batteries




4 woenormany openion_Michigan State College, Service Radio -, - 77Fr 2
. FILAMENTS CARRIER ﬁ CURRENT VOLTAGE GRID CURRENT ﬁ RADIO FREQUENCY Frequ- [0
On off Time On off Time |[Osc. Pl. ‘Mod. Pl. Sp. Amp.  Fil. Plate Fil. >_.=F B Ex Oscil. Modl. Sp. Am.| Tank Feeder Antenna ency w
10:28 _ 10:30. (700 ; 24 V670 152 . 290 , 2/ 4 (0.8 1080 E
10:32.5 /650 -t re40 280 , 204 32 (0.6 -
|eo:35 /590 | v s 270 20 38 04| -
10:37.5 /540 _ Y, 22 268 /28 38 03| "
10:38 v$20 SR V7.7 Z55 r9.2 3.5 /0
/0:22.5 1450 | U (%50 ASH 83 3¢ 25|
/0: 25 | /1380 o360 236 /175 3.2 82
0475 /300 v lizeg 2/18 /6.2 3 8.4 | -
10:50 1200 . ez 20s 15328 728 | "
0:52.5 re " o /85 /142 26 72|
_boss  vewo v lwse o |3 zaes|” | |

RUNNING LOG

DODATA FOR VARYI/NG POWER TEST




ITEM Checked by. REMARKS ! ITEM Checked by. REMARKS
) o Time . | Time
1
Studio Lines Studio Batteries 0
Union Lines Studio Amplifier
Studio Monitor
. R Local Amplifier
Lansing Lines Station Amplifier
) Relay Battery
Church Lines Station Amp. Battery
"
!
Gymnasium Lines P14 Volit Battery
if
! 0
Demonstration Lines |i Exciter Battery
K
Stadium ' Exciter
i
i 1
Reo Lines i Filament Generators
2
. 1
Special Lines High Voltage Gen.
2
Lines Eliminator
1
Lines Receiver Batteries
L | Public Address
nes .' Batteries
© Transmitter
Piezo Crystals . Bias Batteries
|
i
I
i
|
i
|
i
|
i
|
|
|
|




4

emenatpaiy opertion_ Mlichigan State College, Service Radio M4 3 »e
on | Of Time | On OF - Time |Osc.PL Mok %o Amp Fi | Pate Pl Aml  Ex | Oscll . Mod.  Sp.Am| Tank  Feeder Antenma| sney m__x
10:575 940 24 |950 IS5 /2 2z @ |l080 A
1":00 850 - |860 | 20 /N z s.5
V02,5 750 “ |770 25 0 1§ &
1:08 680 "o |700 "5 23 16 46| "
":07.5 550 " |sso os 8 12 ¢ |
1/:10 120 " |%20 72 7 !/ 35
150 //:12.5 n:s0 1625 Y 630 | 275 205 3.8 106 | "
_s.m».,&? 2:45 |/1:52 12:29 2:59 /650 420 77 /680 15.2 130 106 |280 206 38 196"
- T YT T T RueNNG Lo T T T
DATA FOR VARY/ING POWER TEST




Checked by.
Time

ITEM

REMARKS

ITEM

Checked by.
Time

REMARKS

Studio Lines
Union Lines
Lansing Lines

Church Lines

Gymnasium Lines
Demonstration Lines

Stadium

Reo Lines

Special Lines -
Lines
Lines
Lines

Piezo Crystals

Studio Batteries
Studio Amplifier
Studio Monitor

Local Amplifier
Station Amplifier

Relay Battery

Station Amp. Battery

14 Volit Battery

Exciter Battery
Exciter

1
Filament Generators

2

1
High Voltage Gen.

2
Eliminator

1
Receiver Batteries

2
Public Address
Batteries
Transmitter

Bias Batteries



. Femnarvan opeon Michigan State College, Service Radio s£& £ocora? 47 LEFT s
FILAMENTS CARRIER CURRENT VOLTAGE GRID CURRENT RADIO FREQUENCY Frequ- Ope
PATE On off Time On off Time |Osc.Pl. Mod. Pl. Sp. Amp. Fil. Plate Fil. Ampl. Ex Oscil. Modl. Sp. Am.| Tank Feeder Antenna ency Sin
5/4 1344 3:20 1675 ‘24 1630 15 /8 |275 203 3.7 105|080 B.
5/4 |3:45 . , |1z r0al| !
|
5/% 13:50 5:0¢ 1°48 5:06 1:96 (660 1660 280 206 3.8 /0%
5/5 13:30 4:58 /:28|3:35 4:58 1:23 V580 24 1620 /5.4 112 285 20.7 3.8 106 | B,
u.\ﬂ 3:00 5:02 2:02|3:05 502 /:57 V600 475 78 |/680 75,2 /78 290 Z20.7 3.8 /0.6 " . | Bo
s/u_|3:05 3:35 340 3:35 1560 24 Vezo /4 /16 |285 20.6 3.8 0.6 | " B.
5/75 | 3.0 5:20 2:/013:10 5:20 2:10 1560 24 (1630 148 05 (285 206 38 0.6 | » B

" RUNNING LOG



ITEM

Checked by.

) REMARKS
Time

ITEM

Checked by.
Time

==

REMARKS

Studio Lines

Union Lines

Lansing Lines

Church Lines

Gymnasium Lines

Demonstration Lines

Stadium

Reo Lines

Special Lines

Lines

Lines

Lines

Piezo Crystals

Studio Batteries

Studio Amplifier
Studio Monitor

Local Amplifier
Station Amplifier

Relay Battery
Station Amp. Battery

14 Volt Battery

Exciter Battery

Exciter

Pk

Filament Generators

High Voltage Gen.

N = N

Eliminator

Receiver Batteries
Public Address
Batteries

Transmitter
Bias Batteries
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Form 283-G

_Report of Daily Operation Egmlw:-wwﬁm@&_mmm, mm«e._.nm —Nma_c umﬂn_m%rtzl AT bm\w%m ‘suh

' FILAMENTS lnmizﬂ“w B CURRENT VOLTAGE GRID CURRENT RADIO FREQUENCY | Frequ- | Go:

PATE On Off  Time On off Time [Osc.Pl. Mod. Pl Sp. Amp.  Fil Plate Fil. Ampl.  Ex Oscil.  Modl. Sp. Am.| Tank Feeder Antenna | ency Sir
5/29 |o:90. 9:45 1525 24 1610 14.7 107 | 28s. 20,9 3.8 10.6 |1080 Bo
$/22 |11:45 12:20 12:00 12:20 1525 550 78 1650 154 107 |290. 20.8 3.9 /0.5 |1080 Bo
5/26 3:05 4:12 3:10 4:12 1SS0 24 1630 14.5 105 |290 -~ 38 /0.6 |l080 Bo

RUNNING LOG




S _
1
ITEM Checked by. REMARKS ITEM Checked by. REMARKS
o Time B Time I
1 1
Studio Lines Studio Batteries 0 |
|
Union Lines Studio Amplifier ‘;
Studio Monitor |
. . Local Amplifier |
Lansing Lines Station Amplifier }
) | Relay Battery 1;
Church Lines Station Amp. Battery |
Gymnasium Lines 14 Volt Battery i
. |
Demonstration Lines Exciter Battery |
i
Stadium | Exciter |
! |
} |
| 1 |
Reo Lines 1 Filament Generators 1:
! 2 |
. | 1 |
Special Lines | High Voltage Gen. |
: 2 ‘i
Lines & Eliminator |
il
1
Lines | Receiver Batteries |
; 2
L Public Address |
ines | Batteries
i
| Transmitter

Piezo Crystals . Bias Batteries
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CONCLUSIORS3

Direstional Effects

In considering the results obtained in this field
survey it i8 well to keep in mind that some of the field
readings were mobably in error in spite of the precau-
tions taken to keep the operating oonditions of the
transmitter and receiver constant., These errors, if
they exist, are mainly‘duo to reflootion and absorption
effeots of trees, wire fences, eto,, and cause certain
readings to be representative of purely local conditions
instead of general conditions of the area in question.
Espenschied, in his report on "Broadcast Coverage of
City Areas", states that field survey readings in New
York City were taken at one mile intervals on concentric
oircles, whose radii differed by five miles. The rela-
tive distances between points where readings were taken
and the area covered in this survey compare favorably
with the above mentioned test and the authors believe
the results obtained are as acourate as the results of
similar ocommercial tests.

The ocurves shown in Fig. 15 contain many small
irregularities, but the general projection to the west
is whgt would be expected from the T-shaped antenna,

The projection that would be expscted from the east end
of the antenna is apparently destroyed due to shielding

and absorption effects of the water tower and chemistry
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building. In fact, a 8light shadow effect persists
between the station and chemistry building caused prob-
ably by the water tower which is used as a support for
this end of the antenna. The steel tower supporting the
other end of the antenna exhibits & slight shadow effeect
near the antenna alse.

Assuming that the shaps of the counterpoise has
the same effect on direoctional characteristios of a
radiating system as the shape of the antenna, Fig,. 8
would indicate that a directional effect would be
obtained 4n & north and slightly easterly direction.
The curves show this to be true except for slight
shadows caused by the agricultural and old veterinary
buildings.

A strong shadow or shielding effect is noticed on
- the far side of the library building. This is the only
shadow effect that persisted for any great distance.
Although the outer ocurve seems to show that this shadow
is starting to heal, it is a noteworthy fact that this
shadow 18 in the general direction of Grand Rapids and
reception in that direction is reported to be very poor.

Booeption of WKAR in a southwest direetion is also
very poor, but the results and ocurves obtained in this
survey indicate that the poor reasults are due to ocondi-
tions outside the immediate vicinity of the transmitter.

It 18 noted that the strength of signals on the far
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side of the river are much less than the signal strengths
obtained on the near side. That such & large drop should
be obtained in such a shart distance 18 peculiar and
inconsistent with the results obtained on other parts of
the oampus. A satisfactory explanation of this phenomenon
has not been obtained, inasmuch as the absorption over

water i8 much less than that over land and trees,

Varying Power Test

In the disoussion on "Theory of Wave Propagation”
it was showvn that various authors differed as to the
manner in which the radiation field varied with the
distance from the antenna,

A test was made to discover, if possible, whether
the radiation field varies inversely as the first power
of the distance or as the inverse square of the distance.
In Pig. 6 it will be noticed that Espenschied varied the
radiated power in order to ksep a constant field at
points of varying distance from the antenna. 1In the
varying power test made in this survey the distance was
kept constant and the variation in radiated and received '
power noted, 3

According to Dellinger the induction field becomes
negligible at a distance of one wave length. The wave
length of WKAR is 277.6 meters or 907 feet. For this

reason the receiver was set up near points I-17 somewhat

further away than one wave length. The watches of the
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Station operator and field oporator were synchronized
before the test and certain times arranged for decreasing
power and making readings., The power was left constant
at each point for 2-1/2 minutes to give the field oper-
ator time to observe readings. Inability to reduce the
plate voltage of the oscillators below 420 volts prevented
readings lower than 3.5 amperes antenna current. For
this reason the lower part of the curve in Fig. 16 is
theoretical., However, it is evident that such a curve
must pass through the origin so the lower part must be
approximately correct.

The resulting data was plotted with antenna current
squared as abscissa and receiver loop voltage as ordinates.
As radiated power equals 1°R and the radiation resistance
is constant with constant frbquency it is correct to use
12 ae the abscisasa as it is hroportional to the power
ocutput. A8 the loop voltage is proportional to the field
intensity it may be used as the ordinate.

From this curve it can be seen that the effect at
the receiver varies about as the square root of the
radiated power, Varying the received power with constant
distance is the same as varying the distance with con-
stant received power, so it would appear correct to state
that socording to this expsriment the radiation field
varies approximately as the inverse square of the dis-

tance.
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