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or labial surfaces, that is, the side of the tooth next to 
the cheek or lip. 

Attempts to measure the pH of plaques of foreign 
material on teeth surfaces have been reported. Colon-
metric methods were used. However, these methods are 
not satisfactory for working with fluid from the cervical 
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Fig. 2—Chart on which is recorded the results obtained by testing 
the pH of the fluid in the gingival crevice with red and blue litmus 
paper. Male, age .30 years. There has been no destruction of the 
teeth at the cervIcal ("neck") region in this case. (There is one 
amalgam filling, 71, see chart.) This is considered an average, or 
normal case. + =acid; 0 =neutral; — =alkaline. 

crevice because there is so little fluid present. At the 
present time we are working on the problem, using lit-
mus papers, gathering data which may be of heir; later 
in evaluating the various conditions we see. We realize, 
however, that the litmus papers will merely give us an 
idea as to whether the fluid in the gingival crevice of a 

single tooth is on the alkaline or acid side of neutrality. 
We believe an instrument, which could be used in the 

mouth to measure directly the pH of very localized 
areas, and requiring a minimum of fluid, would be of 
very great value in giving us some basic information in 
the problem of cervical tooth destruction. 
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Fig. 3.—Same as Fig 2. Female, age 21 years. This includes the 
record of two different sets of readings, taken on different days. 
The dark lines on the roots of some teeth indicate the degree of 
"recession of the gum tissue." 

Such an instrument would be extremely useful for 
many other purposes, such as determining the pH of 
(1) secretions in the ducts of glands, (2) vaginal mucosa 
during various phases of the menstrual and pregnancy 
cycles, and (3) bone lesions during infection and healing. 
The investigators in widely divergent fields would be 
thankful to have such an apparatus available. 

The Development of a New Station Location 
or Z- Marker Antenna System* 

J. C. HROAIADAt, ASSOCIATE, I.R.E. 
Summary—This Paper presents descriptive and flight-test information relating to a new type Z-marker antenna system which pos-

sesses a number of marked advantages and improvements over that used at present Z markers. The antenna consists of two spaced-dipole 
arrays, crossed at right angles to each other, and excited in quadrature time phase. 

The design of the arrays is based on the principle of proportioning dipole currents in accordance with the coefficients of the successive terms of the binomial expansion. 

The antenna is of simple and rugged design, capable of maintaining a high degree of marker-zone stability under rain, snow, and sleet con-
ditions, and lending itself to prefabrication in units and sections of transmission line for ease in field installation. 

The marker zone is considerably narrower than the zone provided by present Z markers and is ideally suited to instrument ap-
proaches. Whereas the height of present Z markers is limited to about 10,000 feet, the new marker antenna may readily be extended to over 
20,000 feet altitude with present transmitting equipment. 

Pilots have, heretofore, noted the apparent excessive broadening of the marker zone during flights off-course or on flights over the 
radio range at a large crab angle. This effect is greatly reduced with the new antenna, making it possible for the pilot to obtain a more accu-
rate fix on the range station. 

INTRODUCTION STATION location or Z markers used at radio range 
stations serve as a positive indication of the cone-
of-silence of the range and are the result of develop-

ment work carried on by engineers of the Civil Aero-

• Decimal classification: R526.1. Original manuscript received by 
the Institute, February 2, 1944. 
t Civil Aeronautics Administration, Washington, D. C. 
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nautics Administration during the years 1934 and 1937. 
The first of the present commercially manufactured Z 
markers was installed on the Federal Airways and com-
missioned for regular service in 1938.1 These 5-watt 
markers emit a cone of radio-frequency energy directed 

1W. E. Jackson and H. I. Metz, "The development, adjustment 
and application of the Z marker," Civil Aeronautics Authority, Tech-
nical Development Report No. 14, July, 1938. 
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Hromada: Z-Marker Antenna System  455 

vertically. The signal is transmitted continuously at 75 
megacycles and is modulated with a 3000-cycle tone. 
The experience gained during the past several years has 
proved these markers to be a valuable complement to 
the Federal aids to air navigation. 
The demand for increased stability, greater accuracy 

as a point of fix from which to begin the letdown pro-
cedure, and an increased height of signal zone to insure 
reception at higher altitudes, has indicated the need for 
an improved antenna system. 
It is the purpose of this paper to describe an experi-

mental Z-marker antenna system based on the radiation 
properties of spaced dipoles, having desirable features 
which will materially aid in increasing the accuracy of 
aircraft navigation, particularly during letdown pro-
cedures. 

DEsIGN AND DESCRIPTION 

Greater stability of the Z-marker zone can be accom-
plished by an antenna structure which is more rigid 
mechanically than the one used at present. Separating 
the individual elements of the antenna and their feeders 
to decrease their mutual coupling will facilitate the 
adjustment of the array and insure the stability of the 
final adjustment of the system. An increase in altitude 
of the zone can be accomplished by increasing the power 
in the present antenna, but in so doing the radiated 

, pattern will be expanded in all directions, resulting in a 
substantial broadening of the radiated beam at low 
altitudes. The accomplishment of an increased altitude 
of zone with a narrower zone at low altitudes necessi-
tates redesigning the antenna system in order to provide 
greater vertical gain and sharper vertical directivity. 
Increasing the gain and directivity of antenna arrays 

by means of spaced antennas, reflectors (both driven 
and parasitically excited), and stacked arrays is well 
known to the art. The utilization of these principles for 
the improvement of Z-marker antennas has been sug-
gested by Green.2Sharpness of vertical radiation may be 
obtained by using several rows of parallel dipoles spaced 
one-half wavelength apart in the rows and spacing the 
rows one wavelength apart. Green shows that in order 
to obtain substantial symmetry between the radiation 
in the vertical plane containing the radiators and in the 
vertical plane at right angles to the radiators, the an-
tenna array should form a square figure in the horizontal 
plane. The numerical progression of rows of radiators 
and radiators per row is as follows: 1-2, 2-4, 4-8, etc., 
respectively, where the first figure in the group indicates 
the number of rows and the second figure the number of 
radiators in each row. The total number of radiators 
increases as 2 2n1  where n, an integer, may be considered 
the number designating the successive stages in the ex-
pansion of the system. Thus, the third stage would re-
quire a total of 32 radiators, the 4-8 combination. Aside 
from the difficulties of construction and adjustment of 

2 A. L. Green, "Marker beacons for symmetrical radiation," 
Amalgamated Wireless (Australia) Tech. Rev., vol. 3, pp. 113-142; 
January, 1938. 

such a large number of radiators, the second stage of ex-
pansion, the 2-4 array, provides a vertical field pattern 
having two minor lobes which are 27 per cent as large as 
the major lobe, a condition which nullifies its usefulness 
as a zone marker. The 4-8 combination has six minor 
lobes, the greatest of which is approximately 23 per cent 
of the major lobe. A means of reducing the minor lobes 
offered by Green is to stack the antennas in the vertical 
plane. Two layers of the 2-4 combination will double 
the number of radiators and reduce the secondary lobes 
to only 17 per cent. Three layers will triple the number 
of radiators and reduce the lobes to only 10 per cent. It 
can easily be seen that the system proposed is inherently 
complex mechanically and electrically. 
John Stone Stone has shown* that a high degree of 

directivity may be secured from a rectangular antenna 
array by proportioning the currents along the rows and 
columns of the array in accordance with the coefficients 
of the successive terms of the binomial expansion 

n(n — 1) 
(a+ b)  â + —1 an-2b +  lx 2 an-2b2  etc., (1) 

where (n+1) = number of dipole elements in a row or 

column. 

KI 

dl 

Fig. 1—Pascal's triangle diagram illustrating the development of 
cophased collinear arrays having high directivity based on relative 
dipole current proportioning in accordance with the coefficients 
of the successive terms of the binomial expansion (a +b)̂, where 
n+1 = number of dipoles. 
(a) Single dipole element carrying unity current. 
(b) Two dipoles, each with unity current, spaced 2S degrees. 
(c) Three-dipole array, relative currents 1-2-1, evolved from two 

(b) arrays spaced 2S degrees. 
(d) Four-dipole array, relative currents 1-3-3-1, evolved from two 

(c) arrays spaced 2S degrees. 
(e) Five-dipole array, relative currents 1-4-6-4-1, evolved from 

two (d) arrays spaced 2S degrees. 

This process can be carried further to more extensive arrays. 
For spacings 25= 180 degrees, only the major lobe appears in the 
directive patterns. For some applications the spacing may be 
increased considerably beyond 180 degrees, resulting in greater 
sharpness of the major lobe, provided that minor lobes of a few 
per cent can be tolerated. 

For example, let us assume an array of three co-
phased collinear dipoles. Then, n = 2, and the rela-
tive amplitudes of the currents in the three dipoles 
would be 1+2/1+2(2 —1)/(1 X2) or 1 —2 —1. For 
four collinear dipoles, the relative amplitudes would be 
1 —3-3-1 and for five dipoles the relative amplitudes 
would be 1 —4-6-4-1. The relationship between 
dipole currents and the number of dipoles may be rep-
resented by Pascal's triangle, as shown in Fig. 1. This 
figure also illustrates the development of the binomial 

array. 

s United States Patent No. 1,643,323. 
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The free-space radiation patterns in the vertical plane 
for several arrays of half-wave dipoles are shown in Fig. 
2 and illustrate the application to spaced arrays of the 
principle of currents proportioned in accordance with 
the coefficients of the successive terms of the binomial 
expansion. Fig. 2 also shows the vertical patterns ob-
tained with two-, three-, and four-element arrays with 
unity current ratios. Considering only dipole spacings 
of 180 degrees, the two-element array with equal cur-
rents has a substantially wide pattern with no minor 
lobes. The addition of a third dipole in line, spaced 180 
degrees from an adjacent dipole and having a current 
amplitude equal to the other two dipoles, provides a 
sharper pattern but results in the addition of two minor  r 
lobes which are opposite in phase to the major lobe and 

have a maximum intensity of 11.7 per cent of the major  t 
lobe radiation. When the three dipole currents are pro-  I 
portioned in a 1-2-1 ratio, the minor lobes are entirely  s 
suppressed and the main lobe becomes slightly broader.  I 
The major-lobe sharpness may be increased by the use  r 
of four dipoles spaced 180 degrees and carrying equal  c 
currents. At an angle of 20 degrees from the vertical, the  m 
strength of the radiated signal may be reduced to 55.4  s 
per cent of the value obtained with the 3-element  t 
1-2-1 array. Minor lobes again develop which have a 
maximum value of 17 per cent of the maximum of the  in 
major lobe. These minor lobes may be eliminated, as  a 
before, by the proportioning  of the dipo le currents in a c 

1-3-3-1 ratio. Although the minor lobes are eliminated  p 
the main lobe becomes somewhat broader, since the  9 
radiation at an angle of 20 degrees from the vertical has  th 
been increased by 55.5 per cent over that obtained with  ot 
unity current in the four dipoles. However, the signal  p 
strength of the 1-3-3-1 array at an angle of 20 degrees  ab 
from the vertical is 86 per  cen t of the signa l obta ine d tu  
from the 1-2-1 array.  ar  
The radiation characteristic in the vert ica l plane  

which includes the elements of a four -element  array  pr  
with a 1-3-3-1 distribution of curren ts is pract ica lly the of  
same as that of a three-element array with a 1-1-1 dis- re 
tribution of currents, except that the m inor  lobes  have  tio  
been suppressed. The sharpening of the pattern  can  be to  
carried on further by the addition of more  dipoles  an d m 
by the proper proportioning of the curren ts. The se lec -
tion of the desired array becomes a pro blem  of economy  p1 

and compromise. In general, the intens ity of the m inor  ca  
lobes increases with increase in the num ber of ra diators  on  
unless the currents are properly propor tione d. In actua l at  
service, where the radiators are located a quar ter wave - fro  
length above a metallic counterpoise , the free -space  ve  
radiation characteristic will be modified by the fac tor  th  

sin (90 sin 0).  (2)  th 
It is possible to design an array in which the m inor  lobes  pla 
are only partially suppressed below a tolerable va lue . fro  
However, the limit of expansion of the array is governe d the 
by cost and space limitations, which increase with an  tim 
increase in the number of dipoles. In this developmen t air 
it was decided to limit the array to four dipoles.  sta 

A study was then made to determine the limits to 
which the radiation pattern could be sharpened by spac -
ing the elements of the array at distances greater  than  
180 degrees without impairing the usefulness of the sys-
tem as a zone marker. Fig. 2 also illustrates the patterns  
obtained from the 1-2-1 array with dipole spacings  of 
180, 200, 220, and 240 degrees. It is seen  that as  the 
spacing increases, the pattern becomes  shar per  with a 
slight tendency toward the production of minor  lobes . 
It is interesting to observe that the 1-2-1 array , us ing  
220-degree dipole spacing, has a shar pness  equa l to  the 
1-3-3-1 array, using a spacing of 180 degrees . The max i-
mum value of the minor lobe obtaine d with the 1-2-1 ar -
ay and 220-degree spacing is on ly 1.6 per  cent  of the 
maximum value of the major  lobe for  free -space  ra dia-
ion. This is reduced to 0.64 per  cent  when  the array  is 
ocated a quarter wave above  a me tallic counterpo ise.  A 
pacing of 240 degrees  shows  a slightly sharper  ma in 
obe pattern with 4.1 per  cen t m inor  lobes  for  free-space  
adiation. The minor lobe am plitu de re duces  to  2.2  per  
ent when the array is loca ted a quarter  wave  above  a 
etallic counterpoise . The m inor  lobes  are  present  with  
pacings of 200 and 220 degrees,  but  they  are  too  small  
o be indicated on the polar  co -or dinate  paper.  
Subsequent radiation  patterns  differ  from  those  shown  
Fig. 2 in that the re flect ions  from  the earth 's surface,  
ssuming perfect conduc ting  groun d, are  taken  into  
onsideration. Also , in Figs.  2, 3, and  4, the  radiation  
atterns have all been  plotte d to  a max imum  of  unity  at  
0 degrees from the hor izonta l plane.  The  patterns,  
erefore, do not show  the ga in of  one  array  over  the  
her and are no t compara ble on  the  basis  of  constant  
ower input to the arrays.  The numerical  figures  shown  
ove the radiators  on  the figures  are  relative  ampli-
des of the current  va lues  in the  elements  of  each  
ray. 
Fig. 3 shows the pattern  for  the  Z-marker  array  in 
esent use at radio range  stat ions.  The  array  consists  
two collinear, co phase d dipoles  carrying  equal  cur-
nts and spaced 180 degrees.  In  addition  to.  the  radia-

n pattern,/ 4(0) in a vertical plane  conta ining  theradia-
rs, the radiation  pattern  fB(0),  in a vertical  plane  nor-
al to the line  of the rad iators,  also  is shown.  These  
anes henceforth will be referred  to  as  the  A and  B 
anes. The solid of ra diat ion  would  resemble  a thick  
ctus leaf and the distance  from  the  origin  to  any  point  
its surface wou ld represent  the  relative  field  strength  
that particular  ang le measured  at  a constant  distance  
m the origin. The direction  of  the  electric  potential  
ctor at any point is at  all times  in a plane  containing  
e radiators and the po int  in question  and  is normal  to  
e line joining the po int  with  the  origin.  Thus,  in the  A 

ne the direction of the electric-potential vector varies 
m vertical at the earth's surface to horizontal above 
array. In the B plane the electric vector is at all 
es horizontal and parallel to the radiators. Since 
planes usually fly through the marker zones at a con-
nt altitude with the receiving antenna in a horizontal 
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Fig. 2— Free-space vertical-radiation pat t Ills for various numbers of cophased collinear dipoles, current ratios and spacings. Lower half of each pattern not shown. 



458 
Proceedings of the I.R.E. August 

position (below and in line with the axis of the fuselage), 
the patterns shown are not strictly representative of 
the voltage impressed on the receiving antenna as it is 
flown over the array. However, at high altitudes and 
near a point directly over the array, the effect of varying 
distance can be neglected. When an airplane is flying in 

211- 180. 
s T 

111111: :'11111 

SIDE MEW - Td0/ (MD wt. -F.,., 

WO  [C... s.-- Toe—V2. [SM WOT 2.0)]  ye, HSI. Ma 5,n0, 

Fig. 3—Vertical radiation patterns; present Z-marker array. 

the A plane, the fA (0) pattern is to be considered, with 
proper emphasis being given to the angle between the 
electric-potential vector and the receiving antenna. The 
voltage impressed on the receiving antenna is the prod-
uct of the field strength and the cosine of this angle. The 
effect of this factor, which is equal to sin 0, where 0 is the 
elevation angle measured from the horizontal, is to 
sharpen the f4(0) pattern at low angles with only a 
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Fig. 4—Vertical-radiation patterns; spaced-dipole array. 

slight effect at the high angles. When the airplane is 
flown parallel to the A plane and to one side of the ar-
ray, the solid radiation pattern must be considered. 
However, at the instant it enters the B plane, the 
fB(0) pattern without modification represents the volt-
age impressed on the receiving antenna, since the elec-

tric-potential vector is parallel to the receiving antenna. 
When these factors are borne in mind, Fig. 3 indicates 
that an airplane flying parallel to the array and to one 
side of a point directly over the antenna will enter a 
signal zone of sufficient intensity to give a "light-on" 
indication at a greater distance to one side of the station 
than would be the case had the airplane flown through 
a point directly over the station. This phenomenon of 
the elongation of the "light-on" zone for flights parallel 
to the array and to one side results in a broad indication 
of the location of the Z marker. To reduce this broaden-
ing of the "light-on" zone, it is necessary to make the 
fn(0) pattern similar to the fA (0) pattern, neglecting, of 
course, the pattern of the receiving antenna. Although 
the JA (0) pattern of the 1-2-1 array (with 220-degree 
spacing) was considered satisfactory, its fn(0) pattern 
is identical with the f11(0) pattern of Fig. 3. To reduce 
the f8(0) pattern, the array was modified in such a man-
ner as to obtain the electrical equivalent of the 1-2-1 ar-
ray and thus maintain the f4(0) pattern. This was ac-
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Fig. 5— Vertical-radiation patterns; antennas a quarter 
wave above perfect earth. 

complished by splitting up the center element into two 
parallel dipoles, spaced 180 degrees and carrying equal 
currents. The net result is a four-dipole array, a plan 
view of which is shown in Fig. 4. ThefA (0) arn1f8(0) pat-
terns are illustrated in the same figure. The minor lobes 
of the fA (0) pattern are too small (0.64 per cent) to be 
drawn on polar co-ordinate paper. Fig. 5 shows the pat-
terns of Figs. 3 and 4 plotted in rectangular co-ordinates 
and gives a clear picture of the degree of sharpness ef-
fected by the new spaced-dipole array (SDA). It is also 
seen from Figs. 3, 4, and 5 that the sharpening effect, 
through the use of the spaced-dipole array design, has 
been greater in the fA (0) patterns than in the fu(0) pat-
terns. Fig. 5 also indicates that the present Z marker is 
more symmetrical than the spaced-dipole array. In 
practical terms this signifies, as will be shown later in 
discussion of the results, that the reduction in the 
elongated pattern, though substantial, was not so great 
as the reduction in the zone width. 

'The term "zone" is used to designate that region above the 
Z-marker antenna in which can be found a signal of sufficient field 
strength to light the Z-marker instrument light in an airplane. This 
region is often referred to as the "light-on" zone and is the useful 
region of the radiated beam. 
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During the early stages of development of this array, 
the end dipoles were also displaced so that each one was 
collinear with one of the center dipoles. This arrange-
ment resulted in a greater narrowing of the fB(0) pattern 
than that obtained with the final arrangement and in a 
greater reduction in the elongated pattern when flying 
parallel to the array and to one side. However, because 
of the arrangement of dipoles, the array was not sym-
metrical for angles measured either side of the normal 
to the collinear axis of the array in the horizontal plane. 

This dissymmetry resulted in a minor lobe of 17.5 per 
cent for radial flights over the array in a plane which 
made a 120-degree angle with the axis of the array. The 
maximum of the lobe occurred at an elevation angle of 
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Fig. 6—Parallel-chord patterns of Z markers for 10,000-foot signal 

27.5 degrees. At 40 degrees it is still 12 per cent. This 
minor lobe was quite apparent both in the headset and 
on the marker-indicator lamp for parallel-chord flights 
to either side of the array at an altitude of 500 feet. For 
this reason the unsymmetrical arrangement was dis-
carded. The final arrangement of the spaced-dipole 
array has a minor lobe of 5.65 per cent for a 45-degree 
radial flight through the marker. However, this lobe lies 
along a 21-degree elevation angle. The horizontal dis-
tance for an altitude of 500 feet at 21 degrees elevation 
angle is 1374 feet. Examination of the elongated pat-
terns in Fig. 6 will show that this distance out along a 
45-degree radial is well outside the "light-on" zone of the 
marker. As the airplane is moved in nearer the array, 
the elevation angle increases. This fact may explain 
why no minor lobes are detected on parallel chord 
flights at an altitude of 500 feet either side of the sym-
metrical spaced-dipole array. The general equation for 
this array is 

F(0). = 1/2 [cos (A cos 0) + cos (B cos  0) 

[cos (90° cos a cos 0)/V1 — cos' a cos' 01 [sin (900 sin 0)1(3) 

where A =220 degrees cos a 
B=90 degrees sin a 
0= the elevation angle measured from the hori-

zontal plane 
a= the angle the vertical plane under considera-

tion makes with the collinear axis of the 

array. 

The first term of F(0)a is the array factor, the second the 
form factor of the dipoles, and the third the reflection 
factor of the ground or counterpoise. 

220. 
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_L 

Fig. 7—Plan layout of the spaced-dipole Z-marker antenna. 

A plan diagram of the spaced-dipole antenna is shown 
in Fig. 7. The antenna consists of two of the arrays 
shown in Fig. 4, crossed at right angles and fed in quad-
rature time phase with respect to each other. The cen-
tral equivalent element of each 1-2-1 array is composed 
of two dipoles spaced one-half wavelength apart later-

ally, with each carrying unity current. Dipoles 1, 2, 3, 
and 4 constitute one array, while dipoles 5, 6, 7, and 8 
constitute the other array. The dipoles are individually 
supported on pedestals a quarter wavelength above a 
30-foot-square counterpoise consisting of 3-inch-square 
galvanized iron-wire mesh. The counterpoise is sup-
ported 6i feet above the ground, and is similar to that 

used on present Z markers. 

Fig. 8—Dipole antenna and tuning section. 

The radiating elements of the antenna are horizontal 
dipoles of i-inch copper tubing and are fed at their 
centers by means of 140-ohm dual-shielded transmission 
line. A schematic diagram of a dipole is shown in Fig. 8. 
Since the dipoles are fed at a point of low potential, they 
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are inherently free from insulation difficulties and make 
for a stable system which is little affected by rain, snow, 
or ice. A spreadout diagram of the feeding system is 
shown in Fig. 9. Stub sections of transmission line TA 

ARRAY • 

7 

Ti TA 

MRAT A 

4 

TO TRANSMITTER 

Fig. 9—Schematic diagram of spaced-dipole Z-marker 
antenna system. 

and TB are used to terminate the common feeders to the 
two arrays. The common feeder to array B is 90 electri-
cal degrees longer than the feeder to array A to provide 
the necessary quadrature phase relationship. A 2:1 stub 
section TL terminates the main feeder line. A view of 
the experimental antenna system is shown in Fig. 10.5 

.03A90,51 

Fig. 10—View of the experimental spaced-dipole 
Z-marker antenna system. 

FLIGHT TESTS 

The power into the spaced-dipole Z-marker antenna 
was adjusted to produce the same height of signal zone 
as that obtained from the present Indianapolis (ID) Z 
marker, and the gain of the receiver was adjusted so that 

Manufactured versions of marker antenna systems employ a 
galvanized-steel angle framework, although a wood frame was used 
in the test model. Since this work was completed, a standard dipole 
has been developed for use in marker antennas. The new dipole has 
2-inch diameter horizontal members, and the pedestal and fittings 
are of standard iron conduit and condulet fitting construc tion . A 
heavy water spray over the insulators causes less than 2 per cent 
change in field strength at 100 feet distance. Likewise, the use of 
solid dielectric flexible cables instead of the 1-inch dual-shielded 
transmission line and gas-sealed fittings is contemplated. The objec-
tive is to prefabricate dipoles and transmission-line sections in the 
factory for standardization and easy field assembly. 

the height of the signal zones of both markers was lim-
ited to approximately 10,000 feet above ground. Com-
parison flights were then made on the two markers and 
the width of the "light-on" zone was measured. Direct 
measurements of the light time with a stop watch were 
not considered accurate since the apparent brilliancy of 
the light is affected by the normal lighting in the air-
plane cabin, thus making it difficult to judge the exact 
brilliancy at which to begin and end the timing. It was 
therefore found expedient to measure the light time by 
means of a recorder. The 3000-cycle tone output of the 
receiver was rectified and applied to the recorder. The 
time during which the rectified signal voltage was equal 
to or greater than a predetermined value was scaled 

EAST FLIGHT 
INDIaNssous  NEW $DA 
Z-MARKER I-MARKER 

WEST FUGHT 
INOIANAPOUS  NEW SDA 

I-MARKER I-MARKER 

INDICATES LIGHT TIME AXIS  • 

Fig. 11—Copies of actual flight recordings of the present Z-marker 
and the new spaced-dipole array taken at various altitudes show-
ing comparisons of both arrays under identical flight conditions. 

from the chart recording, which moves through the re-
corder at a constant speed. The value of rectified voltage 
at which the time axis was established is equal to the 
maximum value of rectified voltage recorded at the top 
of the signal zone, namely, 10,000 feet. The width of the 
signal zone as measured in time was converted to dis-
tance in feet from readings of the indicated air speed, 
taking into, account the proper correction factors for 
temperature, altitude, wind direction, and wind velocity. 
Sample recordings of the signal zones of both Z mark-

ers for altitudes from 1000 to 9000 feet are shown in Fig. 
11. 

The height of the signal zone was obtained from re-
corder deflections taken on flights over the marker at 
two or more altitudes which are sufficient to insure linear 
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W A 

operation of the receiver. The maxima of the deflections 
were then plotted for various altitudes and a straight 
line was drawn through them. The altitude at which this 
line intersects the value used as a light-time axis is the 
height of the signal zone. Curve A of Fig. 12 illustrates 
such a signal-height determination. This curve inter-
sects the light-time axis at an altitude of 8800 feet. It 
will be noted that at low altitudes, the region of strong 
signal strengths, the maximum deflections are limited to 
eight units by the action of the automatic volume con-
trol of the receiver. The straight portion of curve A was 
extrapolated until it intersected the abscissa at zero 
altitude, point P. This method of determination was 
used to check the height of the signal zone of the spaced-
dipole array when the power to the array was increased 
to give a zone height of 20,000 feet. The airplane used 
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Fig. 12 —Signal-zone-height determination. 

wind. Flights were made in the east-west direction over 
both markers. The ratios of the widths of the patterns 
at several altitudes are tabulated in Fig. 13. 

for the test -flights was not capable of flying to 20,000 
feet, and it was necessary to resort to this method of 
extrapolation to determine the zone height. The maxi-
mum deflection of the recorder was determined for a 
test flight on the spaced-dipole signal zone at an alti-
tude (13,000 feet) sufficient to insure linear operation of 
the receiver. This deflection was plotted on Fig. 12, 
point F. A straight line was drawn through points P and 
F (curve B) and extended until it intersected the light-
time axis. The altitude at this point of intersection, 
21,500 feet, was the extrapolated height of the spaced-
dipole signal zone. Other values of recorder deflection 
versus altitude were determined by flight test on this 
signal zone up to 13,000 feet, and the curve is shown in 
solid line from point F to the limiting abscissa of re-
corder deflection. For all values of recorder deflection, 
which are directly proportional to field strengths, the 
ratio of altitudes for the straight portions of curves A 
and B is constant, thus substantiating the inverse law 
relating the attenuation of the electric field with dis-
tance along a constant elevation angle. 
The signal zones received from the spaced-dipole 

marker and the Indianapolis marker for altitudes up to 
10,000 feet above ground are shown in Fig. 13. These 
patterns were obtained under conditions of negligible 
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Fig. 13 —Z-marker patterns—measured zone widths for 
10,000-foot signals. 

Fig. 14 shows the same patterns as Fig. 13, except 
that the pattern for the spaced-dipole marker has been 
extended to 20,000 feet above ground, that is, twice the 
height of the Indianapolis marker. The current in the 
dipoles of the spaced-dipole antenna was raised to twice 
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Fig. 14—Z-marker patterns—measured zone widths for 
10,000- and 20,000-foot signals. 

the value which existed at the time the data for Fig. 13 
were obtained. Test flights were then made on. both Z 
markers up to and including an altitude of 13,000 feet. 
These test flights confirmed the data plotted in Fig. 14. 
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From these patterns it can be seen that the spaced-dipole 
marker zone is narrower than the present 2-marker zone 
below 5700 feet, even though its maximum height is 
twice that of the present Z. marker. The ratios of zone 
widths up to 5000 feet are tabulated in Fig. 14. 
The increase in the widths of the signal zones of both 

markers for parallel flights to each side of the marker 
antennas at an altitude of 500 feet above ground is 
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Fig. 15—Z-marker patterns under flight condition of large crab angle 

shown in Fig. 6. In these two tests the receiver sensi-
tivity was adjusted to give a signal zone height of 
10,000 feet. The elongated pattern for the spaced-
dipole Z marker is also shown for an altitude of '3000 
feet. The parallel-chord flights on the Indianapolis 
Z marker were not made in a truly east-west direction 
since the dipoles of this marker are aligned 30 degrees 
clockwise from the true north-south, east-west direc-
tion. 

During these flights it was discovered that the air-
craft receiving antenna had a greater pickup on the right 
side than on the left side of the airplane for the same 
angle of reception with respect to a vertical plane 
through the receiving antenna. Therefore, it was neces-
sary to average the data obtained and to compensate 
for this difference in pickup as well as for differences in 
signal widths computed for flights in opposite direc-
tions. The composite averages for both the spaced-
dipole and the Indianapolis markers are shown in Fig. 
6. The area within the patterns represents the hori-
zontal area at an altitude of 500 feet over which a signal 
equal to or greater than a value sufficient to light the 
signal lamp will be received for parallel flights to either 
side of the station and perpendicular to the major 
axes of the elliptical patterns. The average widths 
of the curves in the major directions are as follows: 
for the spaced-dipole marker, 1900 feet; for the In-
dianapolis marker, 2800 feet; a ratio of 0.68. The fact 
that the ratio of the average distances in the major 
directions is not so low as the widths of the signal 
zones at 500 feet, as shown in Fig. 13, can be accounted 
for by the slightly greater degree of symmetry of the 
Indianafolis marker array, as explained previously. 
The ratio of the major to the minor axis at a 500-

foot altitude for the spaced-dipole Z marker is 4.75, and 
for the Indianapolis marker it is 4.5. This is further sub-
stantiation of the differences in symmetry. 
If the limit of the major axis of the elongated pattern 

were plotted for various altitudes, it would have the 
form of thefa(0) curves of Figs. 3 and 4. If the receiving 
pattern of the airplane antenna were uniform for various 
angles in a plane normal to the antenna axis, the ratios 
of the width of the fB(0) curve to the width of the fA(0) 
curve at various relative altitudes would give a close 
approximation of the ratios of the major to the minor 
axes of the elongated patterns at those altitudes. Actu-
ally, the ratios as measured are slightly greater than 
those predictable by the vertical patterns in Figs. 3 and 
4. From these tests and calculations made of the air-
plane receiving patterns it may be concluded that the 
width of the signal zone and the elongation of the pat-
tern for parallel flights to one side of the Z marker are 
also functions of the characteristics of the receiving an-
tenna on the airplane. 
The results of test flights made during a time of high 

winds aloft are shown in Fig. 15. These flights were 
made during the time the unsymmetrical array was be-
ing used. The crab angle was 17.5 degrees and the wind 
velocity averaged 50 miles per hour between 2000 and 
10,000 feet above ground. It will be noted that the en-
largement of the pattern is more pronounced in the case 
of the Indianapolis marker than in the case of the spaced-
dipole marker. A comparison of Figs. 13 and 15 shows 
that even under this extreme crab angle the spaced-
dipole marker pattern is only slightly larger than the 
Indianapolis marker pattern shown in Fig. 13, which 
was obtained under the most favorable wind condi-
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Fig. 16— Horizontal pattern of spaced-dipole Z marker for 
radial flights at altitudes of SOO, 2000, and 5000 feet. 

tions. The zone width due to crabbing is increased be-
cause of the increased pickup of the receiving antenna 
as the axis of the antenna is turned away from the di-
rection of flight. It is to be expected that the enlarge-
ment of the symmetrical spaced-dipole Z-marker pat-
tern due to crabbing will be slightly greater than that 
for the unsymmetrical spaced-dipole Z marker, due to 
its larger /B(0) pattern, but still not as great as that for 
the Indianapolis Z marker. 

The horizontal cross-sectional patterns of radial 



flights over the marker are not circular at all altitudes. 
This may be ascribed to the fact that the received field 
along different radii over the marker is the vector re-
sultant of the fields from both arrays in quadrature time 
phase. Horizontal patterns were taken on radial flights 
at altitudes Of 500, 2000, and 5000 feet (Fig. 16). The 
height of the spaced-dipole marker was 10,000 feet dur-
ing these tests. The 2000-foot and 5000-foot patterns 
are almost square. The 500-foot pattern is practically 

circular. 
Fig. 17 shows a plot of the zone widths of the In-

dianapolis and the new spaced-dipole markers, similar lo to that illustrated in Fig. 14 except that the light-on 
period is plotted in terms of time in seconds versus alti-
tude, for 120 miles per hour, ground speed. 

CONCLUSION 

It has been shown that the spaced-dipole antenna 
system possesses a number of distinct advantages over 
that used with present Z markers and will provide pilots 
with a more accurate fix because the zone width is con-
siderably less at all altitudes up to 10,000 feet. The 
marker zone can be extended to 20,000 feet altitude 
without modification of the present transmitters. Under 
these conditions the zone width will be less than that of 
present markers up to 5700 feet. The broad marker zone 
normally observed on flights off to one side of the 
marker, or under conditions involving a large crab angle, 

is appreciably reduced. The radiating elements are of 
simple and rugged design and will provide stable Z-
marker signals under adverse climatic conditions. The 
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Fig. 17—Z-marker patterns, width in seconds, for 
120-mile-per-hour ground speed. 

dipoles and precut sections of transmission line may be 
assembled in the factory as prefabricated units ready 

for field installation. 
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Vacuum Capacitors* 
G. H. FLOYDt, ASSOCIATE, I.R.E. 

Summary—This paper describes the properties, characteristics, 
and uses of the vacuum capacitor. The constructional details of two 
General Electric vacuum capacitors, the GL-1L38 and the GL-1L22, 
are discussed. Design considerations are discussed from the view-
point of both the designer andthe manufacturer. Capacitance formulas 
are giv en, and the equation for energy loss is derived. Operating 
character istics and ratings of the vacuum capacitor are considered, 
and the effects of humidity, temperature, and vibration are noted. 
The advantages of the vacuum capacitor are thoroughly discussed 
and the applications which are brought about because of these ad-

vantages are described. 

I. INTRODUCTION W HEN the word "capacitor" is brought up in a 
discussion, the average engineer immediately 
attempts to classify the particular capacitor un-

der discussion in one of four general capacitor groups— 
paper, mica, electrolytic, or air. It is the purpose of this 
paper to present some of the details of a rapidly growing 
newcomer to the capacitor group; namely, the vacuum 
capacitor. The idea of enclosing capacitor electrodes in 
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an evacuated bulb is not new. It has not been until re-
cently, however, that new application demands and the 
advantages of newly designed vacuum capacitors caused 
them to be required in large quantities. 
Recent strides in the design of aircraft to operate at 

high altitudes have opened up many new and interesting 
problems in the design of radio equipment to accompany 
these high-flying airplanes. Most of the electronic de-
sign problems can be ably solved if the'following points 
are taken into consideration. The points given are only 
those which arise due to the extraordinary service con-
ditions under which military aircraft operate. 
1. Low Temperatures: Temperatures of —50 degrees 

centigrade are not unusual at altitudes of more than 

40,000 feet. 
2. High Temperatures: With aircraft operating in all 

climates, temperatures of 60 degrees centigrade may be 

experienced. 
3. Low Pressures: At 40,000 feet altitude, the pres-

sure is approximately 5.5 inches of mercury. 
4. High Humidity: This effect is aggravated by the 

rapid descent of aircraft into regions of normal pressure, 
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