
ESD-TR-75-87 

l 357/ 
Copy Mo     /    of    g/-^ cvs. 

• 

FINAL TECHNICAL REPORT 
LORAN D MULTIPLE TOWER TRAN5MITTINC- 
ANTENNA STUDY AND MODEL TESTING PROGRAM 

Sperry Gyroscope 
Sperry Rand Corporation 
Great Neck, New York 

June 1975 

Approved for public release; 
distribution unlimited. 

Prepared for 

DEPUTY FOR CONTROL AND COMMUNICATIONS SYSTEMS 
ELECTRONIC SYSTEMS DIVISION 
HANSCOM AIR FORCE BASE, MA  01731 

P\U& ia^ 



I 
LEGAL NOTICE 

When U. S.  Government drawings, specifications or other data are used for any 
purpose other than a definitely related government procurement operation, the 
government thereby incurs no responsibility nor any obligation whatsoever; and 
the fact that the government may have formulated, furnished, or in any way sup- 
plied the said drawings, specifications, or other data is not to be regarded by 
implication or otherwise as in any manner licensing the holder or any other person 
or conveying any rights or permission to manufacture, use, or sell any patented 
invention that may in any way be related thereto. 

OTHER NOTICES 

Do not return this copy. Retain or destroy. 

"This technical report has been reviewed and is approved for 
publication." 

HIAWATHA COTTON, CAPT, USAP 
PROJECT ENGINEER 

KURTAK, LT COL USAP 
CHIEF, GROUND ENGINEERING BRANCH 
TACTICAL LORAN SPO 

FOR THE COMMANDER 

CfUi 
3ENNIS C. SMITH, COL, USAP 
SYSTEM PROGRAM DIRECTOR 
TACTICAL LORAN SPO 



UNCLASSIFIED 
SECURITY CLASSIFICATION OF THIS PAGE (Wh»n Dale Entered) 

REPORT DOCUMENTATION PAGE READ INSTRUCTIONS 
BEFORE COMPLETING FORM 

I.    REPORT  NUMBER 

ESD-TR-75-87 
2. GOVT ACCESSION NO. 3.    RECIPIENT'S CATALOG  NUMBER 

4.    TITLE (and Subtitle) 

LORAN D MULTIPLE TOWER TRANSMITTING 
ANTENNA STUDY AND MODEL TESTING 
PROGRAM 

S.    TYPE  OF  REPORT  4   PERIOD COVERED 

Final - August 1974 - 
 August 1975 
6. PERFORMING ORG. REPORT NUMBER 

WHWEW83 
7.    AUTHORS 

Edgar Tenenbaum 

8. CONTRACT OR GRANT NUMBERS 
F19628-74-C-0200 
Exhibit A (CDRL Item A002) 

9.    PERFORMING ORGANIZATION   NAME  AND  ADDRESS 

Sperry Gyroscope 
Sperry Rand Corporation 
Great Neck, N.Y.   11020 

10.    PROGRAM ELEMENT. PROJECT. TASK 
AREA 4  WORK  UNIT  NUMBERS 

11.    CONTROLLING OFFICE NAME  AND ADpRESS 
Electronic Systems Division 
Air Force Systems Command, USAF 
L.G. Hanscom Field, Bedford, Mass  01730 

12.    REPORT DATE 

August 1975 
13.    NUMBER OF  PAGES 

172 
1*     MONITORING  AGENCY  NAME  4   ADDRESSf/f different from  Controlling Office) 15.    SECURITY  CLASS,  (ol thtm report) 

Unclassified 
15a.    DECLASSIFI CATION/DOWN GRADING 

SCHEDULE 

16.    DISTRIBUTION STATEMENT (of this Report) 

Approved for Public Release.   Distribution Unlimited. 

17.    DISTRIBUTION  STATEMENT (of the abstract entered In Block 20,  If different from Report) 

18.    SUPPLEMENTARY  NOTES 

19.    KEY WORDS (Continue on reverie aide if neceaaary and Identify by block number; 

Loran D Transmitting Antenna 
Multiple Tower Antenna Array 
Slant Feed Antenna 

20.    ABSTRACT (Continue on reverae aide It nmceaamry and identify by block number) 

The use of multi-tower arrays for Loran C and D antennas was investigated 
since increased power, decreased physical vulnerability, and decreased 
antenna voltages can be realized.   The test was performed on antenna 
models with a size reduction factor of 100.   The measured test data was 
reduced to antenna and interface information practical for selecting a 
suitable antenna array, composed of 400-foot towers with top-loading 
elements forming an umbrella. 

DD   ) JAN 73    1473 EDITION OF  1 NOV 65 IS OBSOLETE 
S/N  0102-014-6601  | 

UNCLASSIFIED 
SECURITY CLASSIFICATION OF THIS PAGE fWhen Data Kntarad) 



FOREWORD 

This final technical report has been prepared as required by item A002 

of Exhibit A (Contract Data Requirements List, Item 0002) of Contract Number 

F19628-74-C-0200, under which Sperry Gyroscope Division, Sperry Rand Corporation, 

Great Neck, New York, is conducting a study of multiple tower transmitting antennas 

for Loran D. 

The multiple tower antenna study and test program was performed to investi- 

gate the feasibility of utilizing multi-tower arrays for Loran C and D antennas.   The 

use of arrays is deemed advantageous since increased power, decreased physical 

vulnerability and decreased antenna voltages can be realized. 

The test of this program was performed with antenna models utilizing a size 

reduction factor of 100. An open field adjacent to the Sperry plant was utilized as the 

test site.   The tests were performed from October 1974 through May 1975. 

Measured test data has been reduced to meaningful antenna parameters 

yielding antenna and interface information, practical for the selection of a suitable 

antenna array. 
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SECTION I 

INTRODUCTION 

1. PRESENT ANTENNAS 

The typical low-frequency Loran D antenna employed has been the top loaded 

monopole consisting of a guyed tower supported on an insulating base.   A capacitive 

top loading umbrella is utilized to increase bandwidth and radiation efficiency.   For 

tactical reasons the antenna is constructed of light weight metallic sections guyed with 

non-metallic cabling.   Top loading elements consist of 0. 312-inch diameter plastic 

cables covered with metallic braiding and extending 300 to 400 feet toward the 

ground. 

The new AN/TRN-39 Loran D Transmitter will utilize such an antenna, i.e. 

a 400-foot tower with 12 top loading elements. The single tower antenna is shown in 

figure 1. 

2. OBJECTIVE OF PROGRAM 

The multiple tower transmitting antenna study and model test program has as 

its objective the study and the testing of the effects of combining 2 or 4 monopole antennas 

of the types presently in use. 

The expected advantages of multi-tower operations are: 

• Increased radiated power from a given transmitter. 

• Lower antenna height for the same radiated power. 

• Decreased physical vulnerability through redundancy. 



• Increased reliability by permitting partial shutdown without causing 

loss of on-air time. 

• Decreased antenna voltage to increase reliability and permit higher 

power operation. 

• Provide a tactical replacement for larger permanently installed antennas 

such as the USCG 625-foot Loran C antenna. 

• Modular procurement of antenna arrays. 

• Simultaneous erection of all towers to reduce total erection time. 

The proposed 2 or 4-tower array consists of standard single antenna towers 

in which the metallic portion of one top-loading element has been extended to a point 

near the ground.   The towers are so arranged that the top loading extensions meet at a 

central point which is the input to the antenna array. 

The proposed 4-tower arrangement, shown in figure 2, is attractive because it 

fits into the area occupied by a standard USCG 625-foot antenna.   Also, the 600-foot 

distance specified for separation of transmitter and antenna for the AN/TRN-39 will 

permit placing the transmitter equipment in one of the cusps between top loading guy 

circles.   The 12 top loading elements are interleaved so that no guy is shielding another 

guy.   The lower level support guying (not shown) will also be interleaved and arranged 

to be mechanically separate. 

Either of the diagonal pairs of towers can be used by itself, permitting erection 

of only two towers or the shutdown of two out of four for maintenenace purposes. 

In the proposed arrays, each tower is mechanically and electrically independent. 

Specifically, the array under study was one which avoids networks of wire between towers 

either overhead or on the ground. 

The proposed antenna configurations were to be tested with the use of well known 

scale model techniques.   These techniques require construction of antenna models, 

reduced in size by 100/1 from the actual antennas.   All the pertinent electrical tests 

are to be conducted with these models, and the resultant data evaluated.   The results 

are then scaled up to reflect actual full size antenna parameters. 



3.    PROGRAM PLAN 

The multiple tower transmitting antenna study and model test program was 

directed into four phases: 

• Generation of a test plan, fabrication of the required model antennas 

and the selection of a test site. 

• Model testing of existing single towers and multitower arrays. 

Optimization of various multitower arrays and connections. 

• Analysis, data reduction and data evaluation. 

• Preparation of a final technical report with conclusions and recommendations. 

3/4 





SECTION II 

PRE-TEST PHASE 

1. MODEL STUDIES 

Model testing to determine the electrical characteristics of large tower 

antennas is considered the most desirable approach for antenna analysis.   It is pre- 

ferred to mathematical analysis which is complex, and to full size antenna construction 

which is costly.   It also permits a flexible approach permitting modifications to be 

easily accomplished.   In addition, model measurements allow the performance of field 

strength measurements in a compact small area of uniform ground conductivity rela- 

tively close to the location of the model antenna.   The latter of course simplifies cir- 

cular pattern measurements. 

The scale factor selected for the program is 100 to 1, requiring the scaling 

up of the model test frequency from 100 kHz to 10 MHz.   To be able to analyze even the 

largest of the models as a "short vertical radiator" the model must be smaller than 

1/8 the wavelength employed (\/8)*.   Since the tallest antenna employed is 6-1/4 feet 

and the wavelength is 98. 4 feet, the "short antenna" requirement has been met.    The 

relations between actual size and model parameters have been tabulated in table 1. 

2. MODEL CONSTRUCTION TECHNIQUES 

During the pre-test phase, Sperry constructed six (6) antenna models, four 

representing the 400-foot tower to be utilized with the AN/TRN-39 transmitter and one 

each representing the USCG   625-foot tower and the 300-foot AN/TRN-21 antenna. 

*See reference 1, pages 5 and 9. 



At a later stage of the program, the program scope was enlarged and four 

additional models representing 150-foot towers were fabricated.   The construction of 

each model is illustrated in figure 3 and by the photographs in figures 4 and 5.   With 

exception of the top loading and guying element all dimensions have been scaled 100 to 1 

from the real antenna dimensions. 

A two-foot circular plexiglass base forms the support of the structure.   Central 

to this base is a 3/8-inch diameter brass rod representing the tower.   Its lower end is 

terminated by a BNC connector recessed into the plexiglass base,  such that connection 

to the rod is convenient.   The upper end of the rod is hollow, as shown by figure 6, and 

accommodates either the plastic or the brass bushing shown.   The radials or top loading 

elements shown in figure 7 are soldered to the radial junction plug.   When assembled, 

the bushing, either plastic or brass, fits into the rod and the plug holding the radials 

fits into the bushing.   The tension of the radials guarantees a tight fit.   The top loading 

elements (radials) are AWG 30 beryllium copper wires which terminate in fishing 

swivels.   Nylon fishing line ties the swivels to legs which are attached to the circular 

base at the required angular spacings.   Attachment of the legs to the base is by hinges 

to permit the folding of the legs for easy transportability. 

Scaling of the top loading elements or radials in a 100 to 1 ratio requires 

0.00375 diameter wires (AWG 38), deemed too fragile for outdoor model studies.   AWG 

30 (.010 diameter) wires were therefore used for all models, except for two tests which 

employed smaller wires. 

3.   SITE SELECTION 

To achieve consistent and meaningful results the site selected for antenna 

measurement must meet these requirements: 

• The field must be large enough such that omnidirectional measurements 

can be taken several wavelengths away from the antenna location. 

• The area must be void of buildings, trees, bushes or other structures 

which could cause signal bounce or reflections. 

• A good ground plane must be provided. 



Sperry selected an area approximately 300 by 400 feet, the former site of an extension 

building which had been demolished in 1972.   The location, designated the east field, 

is adjacent to the engineering offices and meets all the criteria listed above.   A map 

of the field is given in figure 8. 

To ascertain that the site was electrically "quiet", field intensity measurements 

were made at various locations.   These indicated interferences at least 30 dB below 

the expected model field intensity levels. 

TABLE  1. SCALE FACTORS 

Parameter Actual Antenna Model Antenna 

Linear Dimensions 1 1/100 

Frequency f lOOf 

Wavelength \ x/100 

Capacitance C C/100 

Inductance L L/100 

Reactance X X 

Radiation Resistance R r R r 

Input Resistance R. 
I 

Indeterminate 

Intrinsic Bandwidth Af lOOAf 

7/8 





SECTION III 

TEST PHASE 

1.    PURPOSE 

"Short" vertical radiators of the type being investigated exhibit electrical 

properties described by the equivalent series RLC circuit shown below. 

^ w£—vw^ 
ANTENNA 

The circuit is shown driven from current generator Ia via a tuning inductor I/p, the 

latter augmenting La in establishing a resonant condition at the operating frequency. 

Each antenna configuration is fully characterized by parameters La, Ca, Rr, Rj_,. 

Two types of tests are necessary to measure these quantities:   an input impedance 

measurement to derive La, Ca and (Rr + RjJ, and field strength measurements to 

yield the quantity Rr.   Accordingly, the test phase consisted of making these measure- 

ments on every configuration and variation thereof showing promise. 

2.     TEST SET-UP AND PROCEDURES 

a.   Impedance Measurements 

Impedance measurements were performed by situating the antenna models on 

top of a wooden table.   The table top or platform,  16 x 16 feet, was surfaced with 



1/16-inch aluminum sheets joined to form an integral metallic ground plane (figure 9). 

The impedance measuring test equipment was located under the table to shield the 

antenna from test equipment radiation and to permit close proximity of the RF bridge 

employed in the measurement to the antenna input terminal (see figure 10).   The set up 

utilized for impedance measurements is illustrated in block form in figure 11.   A General 

Radio Impedance Bridge Type 916A was connected to the antenna input, physcially located 

above it, via a hole in the table.   Bridge Oscillator GR 1330 provided the measuring 

signal whereas Field Intensity Meter NF105 was the nulled signal detector.    Frequency 

measurement was performed with Hewlett-Packard Counter HP 5245L. 

During the earlier stages of the test phase a Hallicrafter receiver with loud- 

speaker was utilized as the null detector.   It was discovered that the field meter, being 

an extremely sensitive frequency selective voltmeter, provided superior visual null 

indication.   Consequently, the NF105 was substituted for the radio receiver. 

The General Radio Type 916-A Radio Frequency Bridge is a nulling device 

utilizing a series substitution method.   A measurement was made by first balancing the 

bridge with the "unknown" terminal short circuited, then rebalancing with the short 

circuit removed and the antenna connected to the "unknown" terminal.   The unknown 

reactance and resistance are then equal to the change in reactance or resistance dial 

readings.   The reactance dial reading was divided by the frequency in MHz, while the 

resistance reading was directly read from its dial.   Accuracy for reactance is speci- 

fied as ±(2% + 1 ohm + 0.0008 x R x f) where R is the measured resistance in ohms and 

f is the frequency in MHz. 

To minimize errors, the unknown terminal must be as close as possible to the 

antenna input, and the position with respect to ground of the short connecting wire 

between bridge and antenna must not change between the two nulling operations.   Input 

impedance was measured as a function of frequency for all the important antenna con- 

figurations.   It will be shown later that the slope and input reactance at 10 MHz are the 

important parameters required to determine the antenna capacity and inductance.   Mini- 

mum and maximum readings are required to determine series and parallel self resonance. 

10 



b.     Field Strength Measurements 

The radiation efficiency expressed by radiation resistance Rr is determined by 

injecting a known quantity of 10 MHz r-f current into the antenna configuration and 

measuring at some distance the amount of radiated field present.   Figure 12 illustrates 

the set-up of the test equipment to perform field strength measurements.   The antenna 

model is situated near the center of the test site on the ground.   It is driven from a 

Type 230-A Boonton Amplifier situated 125 feet away via a coaxial line.   Input to the 

amplifier is from GR Bridge Oscillator 1330A.   Constant frequency is monitored with 

Frequency Counter HP 5245L. 

Antenna current is measured with a Model 110 Pearson Wide-Band Current 

Transformer by passing the antenna input wire through the current transformer and 

observing the secondary voltage generated (proportional to the antenna current) with a 

True Rms Voltmeter Ballantine Model 323 located 110 feet from the antenna.   The 

current transformer is further described in Appendix I. 

Located at a measured distance from the transmitting antenna model is Field 

Intensity Meter Model NF105 with its loop antenna LP-105.   When rotated in line with 

the transmitting antenna, the loop picks up the transmitted signal, which is conducted 

to the main frame via a 30-foot coaxial cable.   The electronics in the main frame of the 

field intensity meter amplify and measure the received signal.   To this measurement 

are added the loop antenna and cable loss factors.   The resultant number is the field 

strength at the loop antenna location.   Calibration curves for the devices are given in 

Appendix II. 

Field Intensity Meter NF105 is self calibrating, inasmuch as it contains a 

known reference voltage used to adjust the gain prior to each field intensity measurement. 

Computation of radiation resistance requires the measurement of antenna 

current, field strength and distance from transmitting to loop antenna.   Determination 

of the radiation pattern requires these measurements to be made at a constant distance 

and constant current, but from a different direction.   Measurements from eight directions 

(every 45°) were generally made to establish the radiation pattern.   Performance of the 

field strength measurements required authorization from the FCC to radiate at 10 MHz 

and at specified harmonics.   This authorization was duly received and is included in 

this report as Appendix VT. 

11 



3.     CONFIGURATIONS 

Impedance and radiation measurements were made for the various antenna 

configurations tabulated in table 2.   Initially the standard tower configuration for the 

3-, 4- and 6. 25-foot antennas were measured and the results compared with the known 

full scale parameters, table 3. When this comparison proved correct, the results were 

used as a base line and confidence factor to proceed with the multiple tower configurations. 

All multi-array configurations in table 2, with the exception of 24, 29, 30, 31 and 32 are 

arranged as in figure 2.   In configuration 24, each antenna was moved toward the center 

or feed point; in configurations 29, 30, 31 and 32, each antenna was moved away from the 

center feed point. 

12 
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TABLE  3.   ANTENNA PARAMETERS FROM FIELD DATA 

(FULL SCALE VALUES) 

Configuration 
Xi 

(-j ohms) 
Ri 

(ohms) 
Ca 

(pf) 
La 

(mH) 
f sr 

(kHz) 
Rr 

(ohms) 
Af 
(kHz) 

300-Foot Loran-D 
Antenna 

334 4.1 3,900 121 275 0.49 0.120 

400-Foot Loran-D 
Antenna 

207 4.0 5,600 122 215 1.07 0.376 

USCG 625-Foot 
Loran-C 
Antenna 

25 2.5 11,000 190 107 2.10 1.727 
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SECTION IV 

ANALYSIS AND DATA REDUCTION 

1.     DETERMINATION OF ANTENNA REACTANCES FROM 

IMPEDANCE MEASUREMENTS 

Antenna reactances, and therefore capacitance and inductance for each configuration, 

have been computed from input impedance bridge measurements.   With the assumption of 

a series RLC circuit the capacitive reactance is (see Appendix III): 

/dX.\ 
f°(-df)f0-

Xo 
Xc =  °  (1) 

2 

The inductive reactance is: 

XL   = Xo " XC (2) 
a a 

-    = input reactance slope of the antenna, ohms/Hertz, at 10 MHz 

where 

df 

X = input reactance of the antenna, j ohms at 10 MHz 

^•C = antenna capacitive reactance, j ohms at 10 MHz 
3. 

XI = antenna inductance reactance, j ohms at 10 MHz 

f0 = 10 MHz 
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Antenna capacitance and inductance are then calculated from the standard formulas: 

C   = ,    L (3) 
a    2TT fXr- ca 

and 

LaWr <4> 
The input impedance measurement results are listed in table 4 for all the con- 

figuration of interest.   The input reactance for a number of these has been plotted in 

figures 13 through 22.   The antenna capacitance and inductance calculated from the data 

have been tabulated in table 5. 

2.     RADIATION RESISTANCE FROM FIELD STRENGTH MEASUREMENTS 

Radiation resistance has been computed utilizing the formula for radiated power 

at a point d miles from the radiating source: 

2 

(see Appendix VI) (5) p      = 
kW 

[(Ed) 
L(186.4)J 

where E is in millivolts/meter 

d is in miles 

P,w is radiated power in kilowatts 

186.4 = conversion factor (see Appendix VI) 

2 
Since   Power P = I     R   watts (6) a      r v 

where 
R   = radiation resistance in ohms r 

I     = Antenna input current, in amperes 

it follows that 

I2R   = a    r 
(Ed) 

(186 tf 
(7) 

and 
,2 

r 
r (E^   I 

"[(I   186.4)J} R  H/T^rSrwl* !03 (8) 
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Formula   (8) is applied for each field intensity measurement by substituting 

in it: 

• The measured distance in miles between the model antenna and 

field intensity meter 

• The field meter reading modified by the meter and loop correction 

factors.   The loop correction factor including cable loss is 42 dB 

at 10 MHz.   The field intensity in dB above one microvolt per meter 

is converted to millivolts per meter. 

• The current transformer output voltage divided by the factor 47 mV 

per ampere which yields the antenna current in amperes.    The factor 

47 mV/amperes includes a cable loss of 1. 5 dB. 

For the significant antenna configurations, measurements were made at varying 

distances d to establish that operation actually was taking place in the far field.   Circular 

measurements were then made at constant radius d, with a constant antenna current 

(±5%) and at eight different azimuths.   These measurements in terms of field strength 

(dB above one microvolt per meter) are given in figures 23 through 32 and indicate the 

omnidirectional reception pattern which can be expected. 

Field strength and computed radiation resistance for each direction are listed 

in table 6.   To arrive at the final radiation resistance for each configuration, the 

individual resistance values were averaged and are listed in table 5. 

3.     INTRINSIC BANDWIDTH FOR VARIOUS CONFIGURATIONS 

For Loran pulse systems the intrinsic bandwidth Af is the important antenna 

criterion, for it determines the ability of the antenna to radiate maximum sampling point 

power, and it is to be maximized.   The intrinsic bandwidth is derived from single 

series tuned circuit theory in Appendix V: 

2R „ 
Af = dX.     'x.   -2^oVa 

df(f0) "T~ 

Values for Af have been calculated from the capacitance and resistance for 

each important configuration and appear in table 5. 
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TABLE  6.   FIELD INTENSITY MEASUREMENTS SUMMARY 

Field 
Input Intensity E Field Radiation 

Antenna Azimuth Current Distance (dB above Intensity E Resistance 
Configuration (degrees) 

90 

(amps) 

0.146 

(ft) 

200 

1 [iV/meter) 

82.5 

((iV/meter) 

13.34 

(ohms) 

1 0.35 
135 0.146 200 81.8 12.3 0.29 

2 45 0.046 205 80.8 11.0 2.48 

3 0 0.238 200 90.2 32.36 0.76 
45 0.236 200 92 39.81 1.17 
90 0.236 200 91.4 37.15 1.02 

135 0o236 200 90.5 33.50 0.83 
180 0.229 200 89.9 31.26 0.76 
225 0.229 200 91.2 36.31 1.03 
270 0.240 200 90.6 33.88 0.82 
315 0.240 200 91.7 38.46 1.06 

4 45 0.270 208 88.0 25.12 0.38 

5 0 0.226 200 89.5 29.85 0.72 
45 0.227 200 89.2 28.84 0.66 
90 0.226 200 88.9 27.86 0.63 

135 0.226 200 88.1 25.41 0.52 

8 45 0.172 208 83.5 15.2 0.35 

10 0 0.229 200 89.5 29.85 0.69 
45 0.229 200 90.2 32.36 0.82 
90 0.232 200 90.0 31.62 0.77 

135 0.234 200 89.4 29.52 0.66 
135 0.234 200 89.6 30.20 0.69 
135 0.234 150 91.9 39.35 0.66 
135 0.234 250 87.7 24.27 0.69 

11 45 0.240 200 91.1 35.89 0.92 
90 0.240 200 91.0 35.48 0.90 

135 0.242 200 90.5 33.50 0.79 

12 45 0.234 200 91.4 37.15 1.04 
90 0.234 200 91.4 37.15 1.04 

135 0.234 200 90.8 34.67 0.91 
135 0.234 250 89.0 28.18 0.94 

13 0 0.242 200 88.3 26.01 0.48 
45 0.238 200 88.5 26.61 0.51 
90 0.240 200 88.6 26.92 0.50 

135 0.236 200 88.9 27.86 0.57 
180 0.244 200 88.8 27.54 0.52 
225 0.244 200 89.8 30.90 0.66 
270 0.240 200 87.9 24.83 0.45 
315 0.244 200 89.2 28.84 0.57 
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TABLE 6.   FIELD INTENSITY MEASUREMENTS SUMMARY (cont.) 

Field 
Input Intensity E Field Radiation 

Antenna Azimuth Current Distance (dB above Intensity E Resistance 
Configuration (degrees) (amps) (ft) l|aV /meter) (liV/meter) (ohms) 

14 0 0.238 200 90.0 31.62 0.73 
45 0.244 200 90.4 33.11 0.76 
90 0.242 200 90.2 32.36 0.73 

135 0.242 200 89.2 28.84 0.58 
180 0.238 200 90.2 32.36 0.76 
225 0.238 200 90.7 34.28 0.85 
270 0.238 200 90.2 32.36 0.76 
315 0.238 200 90.9 35.08 0.89 

15 0 0.232 200 89.7 30.55 0.71 
45 0.232 200 91.0 35.48 0.96 
90 0.234 200 90.9 35.09 0.93 

135 0.234 200 89.7 30.55 0.70 
180 0.229 200 90.6 33.88 0.89 
225 0.229 200 90.8 34.67 0.94 
270 0.232 200 90.2 31.99 0.78 
315 0.232 200 91.4 37.15 1.05 

18 0 0.232 200 88.8 27.54 0.58 
45 0.234 200 88.0 25.12 0.48 
90 0.234 200 88.1 25.41 0.49 

135 0.229 200 87.9 24.83 0.48 
180 0.229 200 87.3 23.17 0.42 
225 0.229 200 88.8 27.54 0.59 
270 0.229 200 86.9 22.14 0.38 
315 0.227 200 90.0 31.62 0.80 

21 0 0.232 200 87.6 23.99 0.44 
45 0.240 200 87.4 23.44 0.39 
90 0.232 200 87.3 23.17 0.41 

135 0.232 200 86.7 21.63 0.36 
180 0.232 200 87.0 22.39 0.38 
225 0.232 200 87.6 23.99 0.44 
270 0.232 200 86.7 21.63 0.36 
315 0.232 200 88.1 25.41 0.50 

22 0 0.242 200 89.0 28.18 0.56 
45 0.244 200 89.4 29.51 0.60 
90 0.244 150 90.9 35.08 0.48 
90 0.244 200 89.0 28.18 0.55 
90 0.244 250 88.1 25.41 0.69 

135 0.244 200 88.8 27.54 0.52 
180 0.244 200 88.9 27.86 0.54 
225 0.244 200 89.2 28.84 0.57 
270 0.246 200 88.6 26.92 0.49 
315 0.242 200 90.5 33.50 0.78 
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TABLE  6.   FIELD INTENSITY MEASUREMENTS SUMMARY (cont.) 

Field 
Input Intensity E Field Radiation 

Antenna Azimuth Current Distance (dB above Intensity E Resistance 
Configuration (degrees) (amps) (ft) 1 nV/meter) (ixV/meter) (ohms) 

23 0 0.240 200 89.7 30.55 0.67 
45 0.240 200 90.0 31.62 0.71 
90 0.240 200 90.1 31.94 0.73 

135 0.240 200 89.2 28.84 0.59 
135 0.244 200 89.6 30.20 0.65 
135 0.244 250 87.5 23.75 0.61 
135 0.244 300 85.7 19.28 0.57 
180 0.244 200 89.8 30.90 0.66 
225 0.240 200 90.9 35.08 0.88 
270 0.240 200 88.3 26.01 0.48 
315 0.240 200 90.8 34.67 0.86 

24 135 0.244 200 89.0 28.18 0.54 

26 0 0.244 200 87.0 22.39 0.35 
45 0.244 200 87.0 22.39 0.35 
90 0.244 200 87.2 22.91 0.36 

135 0.244 200 85.2 18.20 0.23 
180 0.244 200 85.0 17.78 0.22 

29 0 0.234 200 90.1 31.99 0.77 
45 0.234 200 90.6 33.88 0.87 
90 0.234 200 90.1 31.99 0.77 

135 0.234 200 89.6 30.20 0.69 
157.5 0.234 200 90.3 32.73 0.81 
180 0.234 200 91.0 35.48 0.75 
225 0.234 200 91.2 36.31 0.99 
270 0.234 200 89.8 30.90 0.72 
315 0.234 200 91.0 35.48 0.95 

31 0 0.238 200 81.5 11.89 0.103 
45 0.238 200 81.2 11.48 0.096 
90 0.238 200 80.5 10.59 0.082 

135 0.238 200 80.6 10.72 0.084 
180 0.238 200 80.2 10.23 0.076 
225 0.238 200 81.4 11.75 0.100 
270 0.238 200 81.6 12.02 0.105 
315 0.238 200 82.1 12.74 0.118 

32 0 0.238 200 81.3 11.22 0.092 
45 0.238 200 80.3 10.35 0.078 
90 0.238 200 80.1 10.12 0.074 

135 0.238 200 79.5 9.44 0.065 
180 0.238 200 80.0 10.00 0.073 
225 0.238 200 81.7 12.16 0.108 
270 0.238 200 81.3 11.62 0.098 
315 0.238 200 81.8 12.3 0.110 
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4. RESONANT FREQUENCIES 

Each antenna configuration exhibits two resonant frequencies,  series and 

parallel.   The significant one of these is the series resonant frequency,  f     , which 

is obtained from antenna input reactance bridge measurements.   At f     ,   XL„ = Xca> 

thus the input reactance is zero.   It is important that the antenna model resonate 

above 10 MHz (100 kHz full scale), otherwise the antenna must be driven via a capaci- 

tive element.   Driving the antenna in this manner causes transmitter energy transfer 

not only to the antenna, but also to the capacitive drive element in which, in effect, 

it is wasted.   Consequently, for a given capacitance the inductance must be held to a 

level at which resonance occurs above 10 MHz.    Preliminary measurements and prior 

studies (reference 3) indicated that the inductance of the top hat is negligible and that 

the inductive term of the input impedance is due entirely to inductance of the conductor 

from the feed point to the junction of all top loading elements.   Because it was not 

practical to correctly scale the slant feed wires for all configurations, a single slant- 

fed tower with AWG 41 wire (0.0025" diameter) was measured and the series resonant 

frequency obtained was used to study the inductance effect for the more complex con- 

figurations.   The actual measured series resonant frequencies as read from the re- 

actance graphs in figures 13 through 22 are presented in table 5 for all the configurations 

of interest.   The resonant frequencies measured and listed in table 5 have only been 

used for interpretation and guidance, whereas the actual resonant frequency will be 

based on a calculation of the actual slant-feed cable employed with the full size antenna. 

Attempts were made to establish the parallel resonant frequencies of the 

antenna models, but these fell outside the direct reading range of the impedance bridge. 

The range of the bridge was then extended by means of an auxiliary capacitor to readings 

up to 30 MHz.   At 23 MHz the integrity of the test set-up started to deteriorate as evi- 

denced by poor nulls.   Readings were, therefore, only taken up to 23 MHz, in order 

to devote more attention to the primary objectives of the program. 

5. HARMONIC RADIATION EFFICIENCY 

Harmonic frequency testing was limited to radiation measurements at the 

second and third harmonics of the 10 MHz model frequency.   Beyond these frequencies, 

the one-eighth wavelength (x/8) of the excitation frequencies begins to exceed the 
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antenna dimension, complicating the analysis in terms of radiation resistance.   Har- 

monic radiation resistance is calculated in the same manner as for the fundamental 

frequency, described in section IV paragraph 2.   For 20 and 30 MHz, the loop antenna 

factor is 40 and 38 dB respectively, and the loop antenna cable loss equals 0. 6 and 0. 7 

dB respectively.   Results are listed in table 7. 

6.     SHUT-DOWN,  SHOT-DOWN MODES 

Two modes of partial down times are expected when operating with a 4-tower 

array - the shut-down mode in which two antennas are shut down for maintenance, and 

the shot-down mode in which one tower has been shot down or has not yet been erected. 

In the latter case the third opposing antenna is expected to be shut down to preserve the 

phase center of radiation.   While not utilized for radiation, the inoperative antenna 

nevertheless is in the induction field of the other two antennas.   To determine the 

voltage and currents in the inoperative tower, the situation shown in figure 33 was set 

up.   As illustrated, the two opposing towers east and west were transmitting, while 

measurements were made in the north tower.   Voltage measurements were made at 

the end of each radial; these voltages, designated El through E9, were approximately 

equal to voltage E , the input to the east and west antennas.   Current measurements 
a. 

were made of radial currents II through 14; these indicated attenuated currents down 

37 to 38 dB from the antenna current Ia flowing into the east and west antennas. 

TABLE 7.    HARMONIC RADIATION EFFICIENCY 

Config. 
No. 

Height 
(Ft.) 

No. of 
Towers 

Radiation 
Fundamental 

Resistance 
2nd Harmonic 

(Ohms) 

Resistance 
3rd Harmonic 

(Ohms) 

22 

23 

4 

4 

4 

4 

0.58 

0.70 

2.66 

3.60 

12.94 

8.26 
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SECTION V 

DISCUSSION AND CONCLUSIONS 

1.     GENERAL 

This antenna study and model testing program has as its objective the selection 

of one or more antenna arrays composed of two or more standard tower antennas to 

achieve increased radiation and power transmission.   It has long been recognized that 

antenna design and comparison for the Loran pulse system must not only consider the 

efficiency based on cw or steady state measurements; dealing with a narrow pulse sys- 

tem, the antenna must also be analyzed on a transient basis involving its bandwidth. 

The analysis of "short" antennas for Loran based on simple series RLC circuit theory 

has therefore been made in terms of bandwidth and efficiency.   These will be briefly 

reviewed here. 

The antenna will be represented by its equivalent series circuit shown below: 

^wv^! |(± 

INTRINSIC BANDWIDTH 

For the equivalent antenna circuit shown above, the bandwidth is: 

2R 2 
Af =    =2TT l     C   R (references 2, 5 (9) 

Xi      dxj °      a and appendix V) 

f        df(f ) o v o7 
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and the radiation efficiency of the antenna is defined as: 

where 

Rr = radiation resistance 

R»  = total heat loss resistance of antenna system 

If R in equation (9) is defined as the radiation resistance Rr then Af equals 

the intrinsic or 100% efficiency bandwidth: 

Af = 2 7rf   2 Ca Rr (11) oar 

The bandwidth-efficiency product however is defined as: 

f =   T)A Af =     T,A 2 77 f Q
2 Ca Rr (12) 

Equation (12) has generally been employed to analyze the entire antenna 

system including the ground plane and transmitter interface,  since the heat loss resis- 

tance is composed of ground plane resistance, transmitter coupler loss resistance and 

antenna loss resistance.   In the program performed here, these losses cannot be 

directly scaled to actual full-size antenna values for various reasons.   As previously 

noted, the top loading and radial feed wires are not scaled correctly, nor was it 

practical to duplicate the actual transmitter tuning coil.   The ground plane resistance 

while satisfactory, may not be a duplicate of the actual installation. 

In view of the foregoing, antenna arrays will be analyzed primarily in terms 

of the intrinisic or 100% efficiency bandwidth Af and will be discussed separately. 

It has been shown (reference 4) that for Loran, the sampling point power is 

directly proportional to the efficiency bandwidth product and in view of the above dis- 

cussion, to the intrinsic bandwidth.   Computer network simulation of the Sperry SCR 

transmitter indicates that for a fixed transmitter configuration and variable antenna 

coupling arrangement, the available reactive energy in the antenna at the pulse peak 
2 

or sampling point (I      XQ ) is a constant.     Thus if: 
cl cl 

32 



•»,jv-^fo (13) 

I 2 = K 2 TT f   C (14) 
a o    a 

and since power transmitted is: 

then: 

P =1 2R a      r 

P = K2 rr f    C    R (15) oar v    ' 

It is thus evident that maximizing the intrinsic bandwidth (or the antenna capacitance 

and radiation resistance) will result in the maximum transmitted power. 

The objective of the study therefore was primarily concerned with the measure- 

ment and optimization of C   and R .   These quantities as well as the intrinsic band- e a r n 

width have been tabulated in table 5 and can now be studied. 

To enable a better comparison with the standard 4-foot tower antenna employed 

with the AN/TRN-39 (configuration 3) all values of Af have also been normalized with 

respect to that antenna. 

3.     OPTIMUM CONFIGURATION 

Examination of the normalized values of A f clearly indicates the superiority 

of configurations 15 and 29 for 2-tower and 4-tower arrays, respectively, as illustrated 

in figures 34 and 35.   Both these configurations employ double tower insulation, that 

is the tower top is insulated from the top hat and from the ground plane.    Both these 

configurations also require physical separation between each component antenna of the 

array.   The intrinsic bandwidth and its normalized value for each configuration are 

represented below: 

Af RELATIVE TO 
CONFIGURATION Af* STANDARD ANTENNA 

2-antenna array (#15) 57.9 1.51 

4-antenna array (#29) 126.6 3.31 

*Divide by 100 for full scale antenna. 
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The superiority of these arrays is of course due to maximizing C   and R  . 
a I* 

The conditions under which these terms have been found optimum are: 

• Radiation resistance increases by insulating the tower structure from 

both top hat and ground base.   This held true for a single slant-fed antenna 

or an array of 2 or 4 antennas.   It is believed that by permitting the central 

tower structure to be an integral part of the top hat, a downward current is 

allowed to flow which causes partial cancellation of the current injected 

into the upward slanted-feed radial. 

• Radition resistance increases by adequate separation of the component 

antennas.   It was found that the arrangement shown in figure 2, which 

confined the four antennas into the guy anchor circle of the USCG 625-ft 

antenna, prevented the most efficient radiation of each component antenna, 

inasmuch as it did not allow for field fringing at the umbrella ends facing 

each other.   Thus the 4-antenna array shown in figure 2 did not provide 

as much radiation resistance as a single antenna.   The proximity problem 

did not exist in the 2-antenna array where two diagonally opposite antennas 

were used. 

• Antenna capacitance has been found optimum for a grounded tower operation 

(configuration 4) inasmuch as this connection extends the ground plane up 

to the tower top.   This connection however is not optimum for radiation 

resistance as discussed above.   Insulating the tower at both ends (con- 

figuration 10) exacts a penalty in antenna capacitance, but maximizes Af. 

Therefore the insulated tower connection is recommended. 

• Separation of component antennas is required to achieve the correct addition 

of individual antenna capacitances, for the same reason as noted above for 

the optimization of radiation resistance.   The total top hat or umbrella 

area including allowance for field fringing for the array must equal the 

umbrella area of a single antenna multiplied by the number of these 

employed in the array.   For the 2-antenna array which employs any 2 

diagonally opposite antennas in figure 2, no additional separation was 

required.   For the 4-antenna array shown in figure 2, an additional 2-foot 
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separation between each antenna and its feed point was required.   The 

total diameter of this array is consequently increased from 18 to 22 feet 

(1800 to 2200 feet full scale). 

In the recommended configuration, the antenna tower structure is isolated 

from ground and thus vulnerable to static charging.   To prevent this buildup of charges 

a bleeder resistance on the order of 1000 ohms must be connected across the base of 

the antenna. 

At the outset of the project it was expected to realize twice as much band- 

width for a 2-antenna array and four times as much for a 4-antenna array compared 

to a single standard 400-foot full scale antenna.   These multipliers would permit an 

increase in radiated power of 2 and 4 times respectively.   Analyzing the data presented, 

it is concluded that an approximate shortfall of 10% each in radiation resistance and in 

antenna capacitance have caused a 20% bandwidth or power reduction in the models 

studied to this point. 

4.     INPUT REACTANCE 

Another consideration which must be carefully adhered to in the selection of 

the optimum antenna is the input reactance.   For efficient energy transfer, the reactive 

components of the input impedance must be negative, that is the capacitive term must 

dominate.   In the customary series resonant antenna circuit, there is optimum power 

transfer when all capactive energy is utilized in charging the antenna capacitance and 

when the circuit resonates at 100 kHz.   This series resonance is effected by augmenting 

the antenna inductance (L&) with a driving inductance (Lrp) in the transmitter.   A portion 

of this driving inductance is made variable to permit fine tuning of the antenna, allow- 

ing for slight variation in antennas and antenna installation. 

When remoting the transmitter, the driving inductance also includes the 

distributed inductance of the driving coaxial cable.   Sperry utilizes a special cable 

for the AN/TRN-39 with an equivalent 45 microhenry inductance for a 600-foot length. 

Allowance must consequently also be made for this inductance. 

In summary, the antenna input reactance must be sufficiently negative to 

permit inductive tuning of the antenna, making allowance for the drive cable inductance 

and antenna tolerances. 
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In analyzing and testing the antenna configurations it becomes apparent that 

for slant-fed configurations, the antenna inductance (and resistance) is primarily a 

function of the slant-feed wire which conducts the current to the top hat.   In lieu of 

utilizing the measured inductance values, which have been shown to be incorrect because 

of the impracticality of exact wire scaling, inductance calculations have been performed 

for the actual slant-feed cable.   These calculations were performed using the self- 

inductance formulas by Grover (reference 6) for various lengths of feed wire.   Since 

the antennas are essentially operating in parallel in the 2- or 4- tower arrays, induc- 

tance values are divided either by 2 or 4. 

It is of interest to examine the probable output configuration for tuning and 

matching the antenna array, as shown in figure 36. Listed in table 8 for the two optimum 

configurations is the total inductance required for resonance at 100 kHz, the cable 

inductance and the transmitter tuning inductance, the latter two reduced by the square 

of the matching transformer ratio (see lines 1 and 2 in the table). 

It is apparent that the antenna in the two models, in combination with the cable 

and tolerancing inductance, exceeds the required inductance and that alternative feed 

configurations or connections need to be examined.   One possible solution here is to 

parallel the slant-feed wire with one of equal diameter spaced 2 to 3 feet from it.   The 

antenna inductance La reduces then to 139 and 89 microhenries, respectively, as shown 

in lines 3 and 4 in the table. 

Another possible approach is the modification of the top hat configuration to 

one with shorter top loading elements.   The relationship between radial length, capaci- 

tance and radiation resistance has been documented by Devaney et al (reference 1). 

Applying these relations to the 4-foot top loaded antenna it can be shown that a reduc- 

tion in top loading length from 4 to 3 feet should reduce antenna capacitance by 25% 

and reduce bandwidth by 7.5%.    The bandwidth will then suffer only a slight decrease, 

while the 25% decrease in capacitance increases the required total inductance to 299 

and 132 microhenries respectively, comfortably larger than the calculated inductances 

(see table 8, lines 5 and 6, and Section VI). 

5.     INPUT RESISTANCE 

It has previously been noted that the proper scaling of the heat loss resistance 

was neither practical nor possible.   Various measurements and testing have confirmed 
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that the bulk of the antenna loss resistance is that of the slant-feed wire, as was the 

case for the antenna inductance.   In lieu of model measurement, the approach followed 

was to measure and calculate the AC resistance at 100 kHz of the type of wire actually 

employed with the full scale antenna. 

At the present time,  Times Wire and Cable of Wallingford, Connecticut is 

producing under subcontract the top loading wire for the antenna to be utilized with the 

AN/TRN-39.   The wire is manufactured by placing a double layer of braiding over 

0. 312 diameter phyllystran cable.   The cable resistance at 100 kHz has been measured 

at Times Wire and Cable and reported to be 2.5 ohms per 1000 feet. 

The expected cable loss resistance for 4 parallel antenna feed wires 763 feet 

long is therefore 0. 48 ohms and for two parallel feed wires 600 feet long it is 0. 75 

ohms.   The values are well within the total loss resistance tolerances specified for the 

AN/TRN-39 (4.8 ohms maximum) or those measured with AN/TRN-21-A equipment 

(normally 4 ohms).   The total loss resistance, of course, includes the ground plane 

resistance which contributes the major part of the losses. 

6.     PARTIAL OPERATION (SHUT-DOWN,  SHOT-DOWN MODES) 

During partial operation, two of the antennas in the 4-antenna array are 

inoperative either due to maintenance, partial erection of the array, or casualty.   The 

following conclusions regarding continuing transmission during such a phase are 

presented. 

• When diagonally opposite antennas are selected as the active units there 

will be no shift in the electrical phase center of the transmitted signal 

• The omnidirectional character of the transmission will be maintained, 

as verified by directional field intensity measurements. 

• Tuning lends itself to parallel tuning coil arrangements or transformer 

tap changes. The antenna capacitance is halved when only two antennas 

are driven and the required tuning inductance then must be doubled. 

• Any part of the non-active antennas, being in the near field of the active 

units, will charge up to a voltage high enough to be dangerous to personnel. 

It there is therefore recommended that no maintenance activities involving 

personnel be performed during signal transmission. 
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•   The tests performed on the partial configuration indicate that the 

preferred method of operating with inactive towers is to float the antenna 

(except for a tower bleeder resistance), that is, not to ground either the 

tower, radials or feed wire.   If this precaution is not taken, circulating 

currents will cause a significant reduction in transmitted power. 

7. DIRECTIONAL EFFECTS 

The top loaded monopole antenna has previously been shown by investigation 

and actual use to be omnidirectional.   This characteristic is not modified by paralleling 

individual towers to form multitower arrays, primarily because dimensionally each 

array is still much smaller than a 100 kHz wavelength.   The circular tests performed 

during this program on most of the antenna configurations have shown variation of only 

1 to 2 dB and these were found to be more a function of the actual spot where a measure- 

ment was performed than the configuration employed. 

8. ANTENNA VOLTAGES 

In each antenna configuration, high voltages will appear at various points on 

the antenna requiring that the insulating portion withstand these potentials.   Of specific 

interest in the recommended antenna configurations are the potentials at each top hat 

since the tower structure must be insulated and the input voltage at the slant-feed radial 

is driven from a coaxial cable. 

Examining the circuit in figure 36, and considering that the antenna inductance 

is primarily the inductance of the slant-feed wire, it can be concluded that the potential 

between A and ground is the top hat voltage E-pjj, which exists across both insulating 

ends of the tower structure.   Voltage E^ is simply the product I Xr   where Ia is 

individual antenna current and X^   is the capacitive reactance of each single antenna. 

Table 8 shows the top hat potentials expected for each of the configurations listed in 

that table. 

The slant-feed potential E^ is the product IaX^ where X^ is the parallel input 

reactance of the antenna array and Ia is the total input current.   Since Xi is small, the 

antenna being self resonant near 100 kHz, the expected input voltage is relatively low. 

This simplifies insulation requirements for the transmitted output circuitry especially 

for the 600-foot transmission line.   The values for Ei are shown in table 8. 

38 



T3 
OJ W 

lalfs 
rt   O <3 vS- ** 
U H > 

bd 9 o *1 o 05 CO 

CO 
CO in 

CO 
co 

in 
CD 

CO 

T3 
QJ 

3 

O 

a 
U 

w" 
1 

QJ •>  K 
3 So GO 

•H 
"3 OJ 

—i o ^> — 
> 

CO 

CM 

CO o 
co 
CM 

CO 

CO 

CD 
u 

bn c I  ^—«. 

C ed o   >> 
•<-<     -t-> $-1    !H a o CJ   S 
3   3 '2    ^ 
H -S C 

M 

0J 

OS   - 

I  ,—. 
o >> 
u u 
u c 

w\i      *-j     «r-i      Ml 
CO CM CO CM co 
CM i—1 CM i-H CM 

CO 

W 3 n 
< 

^ do 
«  C C 

o •*-» o 
•3 « =•   , 
O^  CO* 
w        p—I 

1  ,—- 

o   >> 
S-c   *i o ^r 05 cr> o 
CJ a •H »—1 CO CO .-H 
•H     0 CM i—1 T-* CM 

73   O 
oi a 

3 - 
O" 3 
CD  XS 

2 >• 
o w S 

CTj 

a 
QJ 

< o 

3 T3   S C 
O   «   5 CU 

.—I    *J      CD f^ 

.*< 3 

d y CT 
d 5^ 

U 

en 
OJ 
U ,,—, 
OJ ^s a d 
S cu 

< 

c 
o 
U 

02 CD a> CD CD 
CO O CO O OJ 
CM r-{ CM i—l CM 

o 
o 
CD 

O 
o 
o 

o 
o 
CD 

O     "*     o 
TH        CM       r-t 

o o 
o m 
O Ol 

CM 

o 
CO 
CO 

c 
c 
cu 
C 
< 

i 
CM 

O     O 
t—     00 
in    co 

O CO 
CM 
CO 

CM 
CO 

o 
o 
o 

CO 

CTS 

QJ 
-t-> 
G 
< 

i 

in x3 
^   QJ 

d fen 

en    in x3    o> «    in 
CM    H m    CM n5    .-« a. 

~—' o 

-i-i r-<      -t-> 3      -t->   u 

I    C3 
•*      CM  P-l 

cn T3 
CM 0) 

<D 
rt PH c s .—i 

QJ 0) 
i—i 
.—i 

C CTJ 
<: ^ 

i rt 
•* PH 

T3 
QJ 

-fcJ 
bC rt d a 

CM 

a 
QJ 
-t-j 

C 

o 
H 
T3 

OJ 

u 

•a 
QJ 

T3 
OJ 

bD oS 
a s 

3H 

C7i 
CO 

I 

g 
cr; 

2 
<: 
QJ 

a 
CO 

§ 
H 

Q 
a 

o 

>• 

c 
QJ 

> 

c 
QJ 

J3 

»-H      CM      CO CO 

39 



9.     GROUND PLANE 

Consideration has been given to the relative merits of establishing a single 

central ground plane for the entire antenna array, versus single ground planes associ- 

ated with each antenna.   Because the low-Q wide-band antenna does not require an 

optimum ground system the investigation has been largely governed by: 

• Keeping the present electrical characteristic, that is, a ground loss 

resistance of the order of a few ohms. 

• Simplicity and rapid installation techniques. 

• Material cost and weight factors. 

For the present Loran-D antenna the ground system is formed with aluminum 

ground radials connected to a central ground point.   Continuing with this approach and 

ruling out the crossing of ground radials, the choice is between a radial installation 

with the central feed point as the center, or the prior technique with each tower base 

as the radial center.   It was found that for the same linear footage, an installation 

from the central feed point would provide insufficient coverage below the outer top 

loading elements of each tower and would provide coverage in the area of the cusps 

where it is not required. 

The recommended ground plane configuration,  shown in figures 37 and 38 

therefore contains four individual ground planes, each associated with use of the 

component antennas and attached to the antenna base plate.   A ground wire then connects 

each base plate to the matching unit. 

The system proposed is concentrated under each top hat where maximum top- 

hat-to-ground capacitance is achieved, and it further makes use of all the simplifying 

techniques developed for the Loran-D system.   Among these is the ability to supply 

the ground wires precut in one or two sizes and packaged on reels. 
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SECTION VI 

RECOMMENDATION 

The tests of the model 150-foot towers, even with a 4-tower array, show an 

intrinsic bandwidth,  Af, of less than one-fifth that of a single 400-foot tower.   The 

use of 150-foot towers, despite the ease of erection, should not be given further con- 

sideration. 

The tests so far conducted with the model 400-foot towers have shown that 

it is necessary to utilize a 2200-foot diameter circle for the antenna array, providing 

the maximum  Af, or power output, with the top loading configuration described. 

Reducing the active length of the top loading elements should be explored by further 

studies to determine if the circle can be reduced in area while maintaining a high Af. 

The reduction in top loading length will also raise the antenna resonant frequency, 

simplifying antenna tuning and permitting the use of a single-feed conductor per antenna. 

The investigation of non-uniform top loading arrays also seems indicated. 

The measured non-directional characteristic of the 2-tower array suggests that the 

top loading elements running away from the center of the array may be lengthened 

to increase  Af.   Non-uniform top loading arrangements had not originally been 

considered due to an apprehension of a non-uniform radiation pattern. 
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APPENDIX I 

WIDE-BAND CURRENT TRANSFORMER SPECIFICATION 
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WIDE BAWD CURKEWT TRAMSFORKER 
Precision PULSE   CLBRREMT  TRANSFORMER 

Model  IIO 

This current transformer is 
flat from 1 Hz to 35 MHz 
(3 dB points).  It is useful 
for audio, video, rf and 
pulse measurements.  Current 
being measured can be in a 
conductor at low or very high 
voltage, or a beam of charged 
particles. 

-0%, initial 

SPECIFICATIONS 

1. Output Voltage/Ampere - 0.1 (+1%, 
pulse response). .. 

2. Rise Time - 20 nanoseconds for a step-function 
current pulse. 

3. Droop - 0.5% per millisecond for top of a square 
wave or pulse. 

4. Pulse W - 0.6 ampere second max. (small bias 
current in secondary needed for values approaching 
this max.). 

5. Frequency Response - 1 Hz to 35 MHz at 3 dB points. 

6. Sine Wave i/f - 2.5 amps peak per Hz. 

7. Current - 5,000 amps peak, 50 amps rms maximum. 

8. Insertion Resistance - 0.0002 ohm. 

9. Voltage between Center Conductor and Case - 30 kV 
flashover in air for 3/4" diam bare center conductor. 

10. Capacity Added to Circuit - 4 pF in oil, 2 pF in 
air, for typical installation. 

11. Output Connection - BNC receptacle. 

12. Cable - 50 ohm cable such as RG-58C/U. 

13. Cable Termination - typical oscilloscope input (e.g., 
. 1 megohm and 20 pF in parallel). 

14. Overall Dimensions - 4" OD x 1" thick, 2" ID. 

**r-fJT*fl"-' "PW* 
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APPENDIX II 

FIELD INTENSITY METER AND 

LOOP ANTENNA FACTORS 
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LS L^i */ H *U» LS, 
COnPORATIDiM 
73 SOUTHFIELD AVENUE 
STAMFORD CONN 06902 
PHONE    [2033   327-9668 

ANTENNA "FACTOR" FOR LOOP ANT LP-105 

FREQ DB FREQUENCY 

150 kc 43.0 2.4 mc 
175 kc 41.8 2.7 mc 
200 kc 40.7 3.0 mc 
225 kc 40.2 3.4 mc 
250 kc 38.6 3.7.mc 
275 kc 38.5 4.0 mc 
300 kc 38.0 4.4 mc 
325 kc 38.0 4.7 mc 
360 kc 37.5 5.2 mc 

400 kc 38.5 6.0 mc 
450 kc 38.0 7.0 mc 
500 kc 37.5 8.0 mc 
560 kc 36.5 9.0 mc 
620 kc 36.0 10.0 mc 
.700 kc 35.0 11.0 mc 
;760 kc 34.0 12.0 mc 
820 kc 33.0 

. 870 kc 32.0 

900 kc 35.5 12.7 mc 
1Q0Q kc 34.5 15.0 mc 
1.1 mc 33.5 29.0 mc 
1.3 mc 32.0 25.0 mc 
1.5 mc 31.0 24.0 mc 
1.7 mc 29.0 27.0 mc 
1.9 mc 28.0 30.0 mc 
2.1 mc 27.5 

DB 

28.5 
28.0 
27.5 
27.0 
26.5 
25.5 
24.5 
24.0 
23.5 

25.0 
24.0 
23;o 
22.5 
21.5 
20.5 
20.3 

21.5 
20.5 
20.0 
19.5 
19.0 
18.4 
18.0 

For substitution measurements add 20 db to the 
above factors. 

\\\vrantccd Instrument Calibration, Repair, & Renovation 
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APPENDIX HI 

DERIVATION OF ANTENNA CAPACITANCE AND INDUCTANCE 

\^ ne 
Hrp 

Equivalent circuit for antenna input impedance 

Let reactive part of Z^ =X^ 

Then       X. = XT     - X„ 
1        La       Ca 

1 X.  = 2TT fT      -  -     . 
1 i-ia ZTTI    C, 

Differentiating with respect to f 

± = 2TTL    + dF a 
27rf2 C. 

^d f |_Ij = 2ir fLa + _ 

Subtracting (4) from (2) 

Xj-  f 
pxn     -2 
Ldf J " 2w f C" = "2 xc ca c

a 

dX- 
l 

f       TCi 1   df      Ai 

and X      = X. + Xn 
La       x        ^ 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

m-i/in-2 





APPENDIX IV 

POWER FIELD FORMULA 

Assumptions: 

• Far field 

• No losses 

• Flat, perfectly conducting earth 

• E-field measured at low elevation angle 9e 
= ^M 

• Cos 0e field dependence 

• ZQ = free space impedance = 377£1 

Measured Ej^ means E (9e) =. 
(E.. cos 9o  ,  9   >, 9 M e  '    e 

0 e <o 
e 

Total power radiated at transmitter site, measured by E-field at distance d from 
transmitter: 

/: 

(E    cos 8 ) 2 

P (watts) »     / —~ —    2TT d   cos 9    d9 
0        °      ^^dr3 

M 
rv/2 

!7Td2 cos   9e d 9e =   z - 3 
M4-7rd2 

P = M 
9.487 

or       P kW 

E 

d   (watts) or 

2 

M 
390.9 

d2{\cW\ iE in v°lts/lenf?th unit 
*     ' \d in same length unit 

M 
186.4 

Rr = 

ETVA d 
M 

186.4 1 

d2 = I2R 

1090 

EM in millivolts/meter 
d in miles 

V 

IV-1/IV-2 





APPENDIX V 

DERIVATION OF INTRINSIC  ANTENNA BANDWIDTH 

Z. 
1 

Lt 
JTfYTL 

Tuning 
Inductor 

La 
M- 

Antenna Equivalent 
Circuit 

R r 
•JVW- 

Equivalent Antenna Circuit 

Let the bandwidth of the single tuned circuit shown = Af 

f 

Where f 
o 

Af 

dX 

2 R 

— ft   ) 

resonant frequency 

3 db amplitude bandwidth 

„ Tj—T    = reactance slope at f 
df(fQ) *^ o 

R      = Radiator resistance 

Also    Z.   = R. + iX. 
I I      

J   I 

X  = 

X.   = 
1 

Where    X 

X, 

xT   + xT Lt      L, 'a 
XT X, 

Ja        ^a 

Reactance of tuning inductor 

Reactance of antenna inductance 

XP   = Reactance of antenna capacity 
^a 

dX dXi 
Differentiating -^- = 27rLf + -TZ— df 

At resonance      f     I X 

t 

and 

o 

dX 

X, 

X. dX. 

df(fQ) " f0      df(f0) 

(1) 

(see reference 2) 

(2) 

(3) 

(4) 

V-l 



Substituting equation (4) into (1) 

2 R 2 R 

"'^'575 <5) 
df(f0)       df(fQ)      f_ the intrinsic bandwidth 

1 (27rf0)2 CaLa-l 
Since    xi = X      -X      =27rf ^¥T-^- = ^T^  <6) 

a a a o    a o   a 

dXi 
= 27rL„ + dfU       ""^2*^1   2 

'a o 

(2irf0)2LaCa+ 1 

27TC     f    2 

a    o 

Substituting (6) and (7) into (5) 

2 R 
Af 

(2^U2 LaCa + 1       i    V"i<)2 ' 1 

(7) 

2^Caf0
2 fo      27rfoCa 

Af    = 2v fQ
2 Rr Ca (8) 

the intrinsic bandwidth 

V-2 



APPENDIX VI 

FCC AUTHORIZATION 

VI-l/VI-2 





FCC  Form 4M>-D UNITED ITATCI OF   AMERICA 
,un'   ',66 FEDERAL COMMUNICATIONS COMMISSION 

„ „ EXPERIMENTAL 
^£PiSJof.;S£Lffi:lENT^^C.AL TEMPORARY AUTHOR.ZAT.ON        * ^J-X^fey—  

EXE£R1MEMTAL..XD...EX  S-.6.5.9.1r.£GT..7.4-.l   
(Cla.a ol atatlon) (FU, oumbor) 

NAME £?SU^..l&M...COI£OJ^^^^  

_ Lakft_.&ccfiaa-iJtafisauXJ^   
(Location oi station) 

(Location of authorlsad rimott control point) 

Special Temporary Authority is hereby granted to operate the radio transmitting apparatus 
described below: 

Emfss/on 
Fr.qu.ncy Designator 

19.0-19.98 MHz AO 
20.03-21.00 MHz A0 
21.45-21.50 MHz A0 
29.70-29.89 MHz AO 
30.56-31.50 MHz A0 

Avfhor/roo' 
Power (l,'oMi) 

Special 
Provision* 

1.0 
1.0 
1.0 
1.0 
1.0 

This special temporary authorization is granted upon the express condition that it may be terminated 
by the Commission at any time without advance notice or hearing if in its discretion the need for such action 
arises.   Nothing contained herein shall be construed as a finding by the Commission that the authority herein 
granted is or will be in the public interest beyond the express terms hereof. 

This special temporary authorization shall not vest in the grantee any right to operate the station nor 
any right in the use of the frequencies designated in the authorization beyond the term hereof, nor in any other 
manner than authorized herein.   Neither the authorization nor the right granted hereunder shall be assigned or other- 
wise transferred in violation of the Communications Act of 1934.    This authorization is subject to the right of use 
of control by the Government of the United States conferred by Section 606 of the Communications Act of 1934. 

This authorization effective ..August.....7,....19.74 and 

will axDira a-oo A M  FST      February  7,   1975 will expire 3 .00 A.M. EST  X.  FEDERAL COMMUNICATIONS COMMISSION 

F.C.C.  *   WASHINGTON,  D.   C- ' X 

Secretary, 

VT-3 



FCC Form 450-D UNITED STATEI or AMERICA 
,une   1966 FEDERAL COMMUNICATIONS COMMISSION 

EXPERIMENTAL   (DEVELOPMENTAL) EXPERIMENTAL 
 pi.iii otii^iiVi  SPECIAL TEMPORARY AUTHORIZATION 

E^.£RIM.E.NTAL...Xp...FX  
(CU» of lUUin) 

K C  2  X F L 

(Call lies) 
S-6592-ED-74-2 

(F1U  numb.r) 

KAME J...SJ?MH...?AND £2E2?£I»?i! 
J»liP...JtSuffqlk)iii^MYork|-|| Iftt., 40 47 52 N; Long.   73 06  29 W. 

(Location oi •Utlon)  

(Location of authorl**d ramota control point) 

Special Temporary Authority is hereby granted to operate the radio transmitting apparatus 
described below: 

E million Authorized Special 
Frequency                           0, t signal or Power (riant, Provision* 

19.0-19.98 MHz A0 1.0 

20.03-21.00 MHz A0 1.0 
21.45-21.50 MHz A0 1.0 
29.70-29.89 MHz A0 1.0 
29.91-29.97 MHz A0 1.0 
30.56-31.50 MHz AO 1.0 

Special Condition: 

(1)  The station identification requirements of Section 5.152 of the 

Commission's Rules are waived. 

This special temporary authorization is granted upon the express condition that it may be terminated 
by the Commission at any time without advance notice or hearing if in its discretion the need for such action 
arises.   Nothing contained herein shall be construed as a finding by the Commission that the authority herein 
granted is or will be in the public interest beyond the express terms hereof. 

This special temporary authorization shall not vest in the grantee any right to operate the station nor 
any right in the use of the frequencies designated in the authorization beyond the term hereof, nor in any other 
manner than authorized herein.   Neither the authorization nor the right granted hereunder shall be assigned or other- 
wise transferred in violation of the Communications Act of 1934.   This authorization is subject to the right of use 
of control by the Government of tho United States conferred by Section 606 of the Communications Act of 1934. 

This authorization effective   Ap.ril,,,2j„,,1975 and 

will expire 3:00 A.M. EST September   2,...1975. 
FEDERAL COMMUNICATIONS COMMISSION 

F.C.C. •   WASHINGTON. D.   C. 
/r*^zL 

Secretary^ 

VI-4 



FCC Form 450-1) UNITED STATES OF *MCRIC* 

cntcmbct 1972 FEDERAL COMMUNICATIONS COMMISSION 

EXPERIMENTAL 

RADIO STATION CONSTRUCTION PERMIT 
_ JIXPERIhENTAL ..(DEVELOPMENTAL) AND  K...C...2...X...F... J  

(Nature of service) LICFNSF (Call sign) 

...E^ERIMEfflAL..X.D..FX.._   _ fi59L,.EQr.ELr„Z.4  
(Class of station) (File number) 

NAME .^.ERRY..Mm.C.PMPMlIONJ....SP.ERRy....GYRQSC0E.E..J)IYISIO.N   

 l£k?...Succes^ _ 
(Locstion of station) 

(Location of authorized remote control point) 

Subject to the provisions of the Communications Act of 1934, subsequent acts, and treaties, and all regulations heretofore or 
hereafter made by this Commission, and further subject to the conditions and requirements set forth in this license, the licensee here- 
of is hereby authorized to use and operate the radio transmitting facilities hereinafter described for radio communication. 

Emission Authorized Special 
Frequency Designator Power (Wails) Provisions 

9.5 - 9.99 MHz    AO 1 
10.010 - 10.5 MHz   AO -.i 1  .--••   ••• '•• !*-   ' :' -i :ir. -. : - 

Equipment: (1) Experimental        .. • ,, • r..   .      .•:-.., 

Frequency Tolerance: ••.005% ,,,...   .. ,   ,... 

Hours of Operation:  Daytime only 

Operation:  In accordance with Section 5.252(a) of the Commission's Rules. 

The above frequencies are assigned on a temporary basis only and are subject to chango at any time 
without hearing. 

This authorization is granted subject to the condition that no harmful interference is caused to any 
other station or service and may bo cancelled at any time without hearing if, in tho judgment of the Commission, 
such action should be necessary. 

This license is issued on the licensee's representation thnt the statements contained in licensee's 
application arc true and that the undertakings therein contained, so far as they are consistent herewith,"will 
be carried out in r.ood faith. The licensee shall,during the term of this license, render such service as will 
serve public interest, convenience, or necessity to tho full extent of the privileges herein conferred. 

This license shall not vest in the licensee any richt to operate the station nor any ri-.-.ht in tho use of 
the frequencies designated in the licence beyond the t"rm hereof, nor in any other manner than authorized 
herein.   Neither the license nor tho rieht granted hcreunder shall be assigned or otherwise transferred in vio- 
lation of the Communications Act of 1934.   This license is subject to the right of use or control by tho Govern- 
ment of the United States conferred by Section 60G of tho Communications Act of 1934. 

/^tw!(5V        This authorization effective  ...May...1.6.,....1.9.7.4 -  and 

/J/VC,  "^v\    wUl exPire 3:0° AM- EST   S.ep.temhc.r....l.,...19.76  
i^ (%-''•'•-, \cA FEDERAL COMMUNICATIONS COMMISSION. 

^£3*S r.c.c- KMMINOTON, o. c. Secretory. 
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1. Upon completion of the station, in cccaidcnce with the terms of this pr--.it, the grantee shall, 
on the forms and in the manner prescribed from time to tirr.e by the Corr.rrussicr., x.cxc it cppecr !o the 
satisfaction of the Commission that all the terms, conditions, and obligations set forth in thearrii- 
cation and in this permit have been fully met, and shall apply for a radio station licor.se; upon r-uch 
showing and application, and upon a finding by the Commission that since the granting of this permit 
no cause or circumstance has arisen which, in the judgment of the Commission makes the operation of 
the station against the public interest, a radio stGtion license will be issued by the Ccrr.mission for 
the operation of the station. The license will contain the conditions specified in Sectior.'309 of the 
Conmunications Act of 1934, and such other terns and conditions cs the CoT.r;iscion — zy prescribe. 

2. This permit shall not vest in the grantee any right to operate the station, nor any rit,ht to a. 
\icfnse authorizing the use of the particular frequency cr the amount of power, c: the time of operation 
herein specified. The Commission, in issuing this permit, reserves the right to assign whatever fre- 
quency, power, or time of operation it deems best calculated to serve public interest, convenience, or 
necessity. The terms of said license as to frequencies, power, emission, time of operation, and scope 
of communication are expressly made subject to the exercise of said reserved right.   ...     • .     -.••.• 

3. Nothing contained herein shall be construed as a finding by the Commission en the question of 
marking or lighting of the antenna system should future conditions require. The permittee expressly 
agrees to install such marking or lighting as the Commission may hereafter require under the provisions 
of Section 303 (q) of the Communications Act of 1934. 

4. This permit shall become automatically forfeited if the said station is not ready for operation 
within the time above specified, unless prior to the expiration of said pear.it the Commission shall 

have granted an extension of time. Upon proper showing, made to it by the grantee, prior to the 
expiration of such period, the Commission may grant an extension if it finds that the grantee was pre- 
vented from completing the construction of said station by causes not under grantee's control. 

5. Neither this permit nor the right granted herein shall be assigned or otherwise transferred to 
any person, firm, company, or corporation without the written consent of the Commission. 

F.C.C. -  WJ5HINCTON.  o.  C. 
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APPENDIX Vn 

REPRODUCTION OF LOG 1 
AND LOG 2 ORIGINAL DATA 
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SECURITY CLASSIFICATION (THIS PAGE)  

LOG NUMBER / SYSTEM SERIAL NUMBER 

EQUIPMENT LOG FOR     MULTIPLE     TpUJZg. <?TUJ)Y 
(Subsystem, Major Unit, Etc.) 

EQUIPMENT SERIAL NUMBER(S)   

DESCRIBE OR REFERENCE jjK? TYPI OF CUMULATIVE 
OPERATING, MAINTENANCE TEST AND OTHER PERTINENT INFORMATION HOURS OF "'TaT'0" OPERATING TIME 

DATE AND SIGN EACH ENTRY j      OPERATION      „ulbi\      — ^^ — 

//JSmLL   6£oa/OD     Pi AH?    r4Bl~*       #*>£> t°/**M 
fie        cABL?     jsJ     izfltr     /=lfLO     T0S7~    5/7Z~ 

£LCCT£\I. AL        Hoot, ufi       oF       Ac-      fc^sa^    coV^/t"!) lOfrflf 
..    i 

"****£ OufotS /3LD   V*Lf~ 

K-4T       t>A*P       (TOO
1

   Ti>        f servo     //»7&#*tTy   /tyfTrfL    C4Qt,t£  - / f t/ 
1(5/,06, vrtfc./Ac . 

i^'H-L       poT U S if u;4f?/#C- /KJ     puT^ft'C 

\ 

@//&        7.0 - t>.£ 

lt,l 6 . 
Mn/^ <^*J&vhct-     c-^     TciJ&- | / oft-l /71 



SECURITY CLASSIFICATION (THIS PAGE)    

LOG NUMBER SYSTEM SERIAL NUMBER 

EQUIPMENT LOG FOR     MtH ?lL'        <° ^ Z £- STli 0 Y 
(Subsystem, Major Unit, Etc) 

EQUIPMENT SERIAL NUMBER(S)  

DESCRIBE OR REFERENCE TIME                       TYPE OP                            CUMULATIVE 
OPERATING. MAINTENANCE TEST AND OTHER PERTINENT INFORMATION HOURS OP             OPERATION                    OPERATING TIME 

DATE AND SIGN EACH ENTRY OPERATION      -W,J-JL      _M ' ^  
(1) (2)             I    srawt         ON           STANDBY                     ON 

'0/3o/l f 

J\*   '• '11/ CU<«~£s      /isfa £ 

I\iri^ our •*    0/7?) ( 3<J~V *     ' 63  us/irrs 

c«//<L 
'o^S 

£   -  7/,/ M / 

,171 x   /?6,Y 

'***     V^P       '3r f*° j blow   jfr foti#6 
led ^jrr^sJ2211_    .?5T i-TL 



SECURITY CLASSIFICATION (THIS PAGE)  

LOG NUMBER I SYSTEM SERIAL NUMBER 

EQUIPMENT LOG FOR      fo U IT I ~T0 \AJ£\£.        $ T~U P^ 
(Subsystem, Major Uni£ Etc) 

EQUIPMENT SERIAL NUMBER(S) 

DESCRIBE OR REFERENCE 
OPERATING, MAINTENANCE TEST AND OTHER PERTINENT INFORMATION 

DATE AND SIGN EACH ENTRY 
(1) 

TIME 
AND 

HOUR* OP 
OPERATION 

(2) 

TYPE OP 
OPERATION 

warn 

CUMULATIVE 
OPERATING TIME 

(4) 
ON STANDBY 

/O-.lcPfif 

*U V-*~        ^/flfr 
ill Afc'V 3.7ji     fo cljiU- oK 

/< *i (r-v o - 2-V ?C 

I o,c~v - tf3s*- 
0<++i .*<-/ 

/o.rv 

q <rvo -Z350 

n'?J>- 

'  ,U/Si. 

c - in ,o~> HI 



SECURITY CLASSIFICATION (THIS PAGE) 

LOG NUMBER I  SYSTEM SERIAL NUMBER 

EQUIPMENT LOG FOR      A U'LTI     fo uJ&*£- ?T«Oy 
(Subsystem, Major Ui nit, Etc.) 

EQUIPMENT SERIAL NUMBER(S) 

DESCRIBE OR REFERENCE 
OPERATING, MAINTENANCE TEST AND OTHER PERTINENT INFORMATION 

DATE AND SIGN EACH ENTRY 
(1) 

.._.ANP_-     1        OPERATION HOURS OF ( 3) 
OPERATION        W.UnkV        „^,— 

5TAKWY ON STANDBY 

CUMULATIVE 
OPERATING TIME 

(4) 

Co 

£ Routsp 
7 op 

I - —        J 

fits/) w\Rie$   ^/5/yr5   r» rw*>t£ 

(Irfoi/fij       **&    write     zfy"   fry /,/i/fj 
Fi pf i>      ft 190/41.'     L £n/6> j~f/ $. 

f>*r     Loop*     JL   fv /<f£~rF&     j 
I 

f. q.9l? /HP* \ 

3*,/+ 11.h-\<%      zo-d     .*31 \ fit- 

ly A^ t£T   V /" /3 

fill        PREVIOUS        f*IFLO     XtJ-fclOS fTy        PAf/l] tV&% 

06 

3^\      y %&> 

.Z-OT) J        s'3.5 

fo 6f.£ 

(r CctopeCT'rCy 
^lCi'^4,        bl? M"/^ 

tSCb 9Co 

/oCl 

257 (, 

3/4 

102.0 

t.Zd 
/i5 
t,3> / 



SECURITY CLASSIFICATION (THIS PAGE)   

LOG NUMBER L SYSTEM SERIAL NUMBER 

EQUIPMENT LOG FOR     MULTI- To \* <£*£. ^fWD/ 
(Subsystem, Major Unit, Etc) 

EQUIPMENT SERIAL NUMBER(S) 

DESCRIBE OR REFERENCE 
OPERATING, MAINTENANCE TEST AND OTHER PERTINENT INFORMATION 

DATE AND SIGN EACH ENTRY 
(1) 

CM ftfrfl Sufi efBVTS 

/o "#2 

/o.l 

to,S~ 

J 0,0 

/o,o 

±fcrt-c> - L.S~crt 

/o, I 
y em*o— 2f 0-0 

to.T J\. 

**_ 

611 JUX-   /M.S oil: >°z 

Of 9otO 3J-£ 
tr>>8 %2'Z ^c 

sTO.L f?,l 2,1, i 

h 

Uro I 
%\ Sri?' 

\ 3ro 

TIME 
AND 

HOURS OF 
OPERATION 

(2) 

f/77 <&&# 

a 

/> 

A 
/j 
A. 

/•' 

A 

-=r=;= 
TYPE OF CUMULATIVE 

OPERATION OPERATING TIME 
 L5J  

rtiJWt, ON 
7 

'A#S 

*/  \ 

2- 
•1 
"D 

77 

IK 

/'A/7? 

1 

t//iH 
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SECURITY CLASSIFICATION (THIS PAGE)  

LOG NUMBER L        SYSTEM SERIAL NUMBER  

EQUIPMENT LOG FOR hAUil \ ,JQ\AJ B(_ ^TdW  
(Subsystem, Major Unit, rite) 

EQUIPMENT SERIAL NUMBER(S)   

DESCRIDE OR REFERENCE TIME                       TYPE OP                            CUMULATIVE 
OPERATING. MAINTENANCE TEST AND OTHER PERTINENT INFORMATION HOURS OP              OPERATION                      OPERATING TIME 

DATE AND SIGN EACH ENTRY OPERATION      -MIBIST      OM ~  
(1) (2)             •*•••••       ON        STANDBY              ON 

ft/l/nf 

O I 

1 

hf         21/ o            2// \jy,z 
rf'L_               Z2.70                  I 92- — ic 

A<6>               z35~o                 I6T Vo.r 
/o.)               ±Lf9o               /</3 *</< + 

//•*'             z73o>              //O i?.f 
/<? 0              35W                 %i- 7*>~&   >? 

izt-to 11 If hi 
i*-r         i6>o         10 y \70,f^   z><);Ji<>-^£uJ 
if.o 
1 
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SECURITY CLASSIFICATION (THIS PAGE) 

/ LOG NUMBER SYSTEM SERIAL NUMBER 

EQUIPMENT LOG FOR     MLTh^^SL StiiSC 
' (Subsystem, Ma}or Unit, Etc.) 

EQUIPMENT SERIAL NUMBER(S) 

DESCRIBE OR REFERENCE 
OPERATING, MAINTENANCE TEST AND OTHER PERTINENT INFORMATION 

DATE AND SIGN EACH ENTRY 
(1) 

TIME 
AND 

• HOURS OF 
OPERATION 

(2) 

w   - 

A/ 

W 

48,0 

17t<f 

H6. 3 

V6 3JL 

+36.* gis' *.- 

til 

?},f 

fi,\ 
fit 

*7.f 

Af*Y * 

*A* 

11 

TYPE OF 
OPERATION 

ITARDBV      577 

CUMULATIVE 
OPERATING TIME •m. 

»/$M 

•w &r) -'- 
7*f  £fisT 

3 0 

ir 

so• "/«**> 

tjf.3 

fJ-3   \b(,ldl 
US 

9C1 
to '£}»» 

CcWMtf 

fit}r»     us/Vtf fescb   ({£ f-L£croW^re/i   co\>/j£oreD ' 
\»9.^7LY       TO      4/oreM/) —    A> 6 •   -   sz^'ts  fytr<»\ H*//^> 

Utt      flFM/Z , Vis.coKjAJarcT     ^(,dAJ9c^>      rtffirctf    SOY . Pf/lfteD 

<JoMMe*> £. 



SECURITY CLASSIFICATION (THIS PAGE)  

LOG NUMBER . I        SYSTEM SERIAL NUMBER 

EQUIPMENT LOG FOR H Ht-f-\ <.iv £ fc_ ^fZiOV 
(Subsystem, Major Unit, fete.) 

EQUIPMENT SERIAL NUMBER(S) 

DESCRIBE OR REFERENCE •g TYPE OF CUMULATIVE 
OPERATING. MAINTENANCE TEST AND OTHER PERTINENT INFORMATION HOURS OF OPERATION OPERATING TIME 

DATE AND SIGN EACH ENTRT OPERATION      tuto,.3'   0= — 
(!) (2) •""•, J STANDBY 

Y^<     i^~f~&   '   in /oy S3> 6C>'XJo'''"*• 

/ =  2.10 A/0~C           Xloo 5<u/jt^ j 

f'    r    -*   V^      -       -*-=-• • ' • — 2fi '**•   ' "trZtoito-tMotto"^ 



SECURITY CLASSIFICATION (THIS PAGE)  

LOG NUMBER I SYSTEM SERIAL NUMBER 

EQUIPMENT LOG FOR    \MJAl IQJ^EA 9t^Y 

9 

(Subsystem, Major Unit, Etc) 

EQUIPMENT SERIAL NUMBER(S) 

DESCRIBE OR REFERENCE 
OPERATING. MAINTENANCE TEST AND OTHER PERTINENT INFORMATION 

DATE AND SIGN EACH ENTRY 

i in     IrU ft f itWi«£ 

/C?Vff>        2V2<? 

(1) 

TIME 
AND 

HOURS OF  rjl 
OPERATION -mtmm— (2) »"*»«" 

TYPE OF 
OPERATION 

ON STANDBY 

CUMULATIVE 
OPERATING TIME 

14 1 *$ 

ffO sz 
/V3 60 

f°i "h/y/ 

TNp£0fiNG#    8£}i)6f     \jotT#t>iT    AvP^r 

f>u* 
il 
to 

II 

V 

r 
?J 

ID 

u.rtv. f i- C.frn^u,cSfc— 

I^Wtf/ O 

2350 

2 3?0 

MS 

/$/ 
,11 

tit f? 

Mecu uAJL.     t -ccwhtrJVxs        C^AHc/a^ci    ' 

0lS 

6 lifrf 
/0 ' 

30 

2. X<r~t> 

^ fix) 

Iff. O 

1 1 

fiJ o  I L - r-*t*t, vfo \-« 

yf^pu;c^L&J 

^W^   4*1 Irl rr- 
j- 

new* ($•<$'**$ 
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LOG NUMBER / SYSTEM SERIAL NUMBER 

EQUIPMENT LOG FOR MULTl'    Tou/tf^ sritoy 
(Subsystem, Major Unit, Etc.) 

EQUIPMENT SERIAL NUMBER(S) 

DESCRIBE OR REFERENCE 
OPERATING. MAINTENANCE TEST AND OTHER PERTINENT INFORMATION 

DATE AND SIGN EACH ENTRY 
(1) 

/ 0        |/ p p     i*\ fn/f~ 

f Rsci 

//,c> 

/A/ 

2.H SO 
•2-q J> O 

n 

176 
I 73 

7<f3 
/VO 

TIME 
AND 

HOURS OF 
OPERATION 

(2) 

TYPE OF 
OPERATION 

mm ) 
ON 

CUMULATIVE 
OPERATING TIME 

STANDBY 

»/#M 

/c   =  -It. I 

y* - 4ft 
-/{/-• 77rj-L   -/61 

.1 

(Z&H0[/£'    fiH/llD/fD 6£oyA)i>S     f=£0M 
CUjU/J&cT   jfio^^J  ToMt ti>yo fchcu'cJ 

\ij\ *ht 

la^t^e.^TQ ' '//n/7i 

fa  fa k) iHf&nfJ/^ 
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LOG NUMBER / SYSTEM SERIAL NUMBER 

11 

EQUIPMENT LOG FOR M \jLI\ To^J* £- %Jjd-hX- 
(Subsystem, Major Unit, Etc) 

EQUIPMENT SERIAL NUMBER(S) 

DESCRIBE OR REFERENCE 
OPERATING, MAINTENANCE TEST AND OTHER PERTINENT INFORMATION 

DATE AND SIGN EACH ENTRY 
(1) 

TYPE OF TIME 
. „.ANP„- OPERATION HOURS OP    i (§) HOURS OF (« 

OPERATION        tlaHDBT 

CUMULATIVE 
OPERATING TIME 

(2)  T 
i 

STANDBY 

ii-a-if 

Vf-~tri> -12,70 
9>9g - H5 *   PfTJCs 

f 

6 
lO 

il 

lO 

? 

to 
10 
10 

X7 

•zr<ro 
2 3^; 
2 3^ 

•2.f3o 

Z3S~0 

JL 
132. 

18V 

134 

I ?3 

/gi- 
ii, o 

t 

20l 
1*42 A/ad<s~x\ 

IT /M 
z<r.< ~> if jcJ^ JVA Atfi 

~*-7  A'o - ii°?ixi 

doVfc/" ./1/acVn.r.S 

9? H'S 24,0 %(f* 

2f no-''/znf C)T- *Wlfafc)f^ 

/si/ jr/o?c »"*VY X'fV ft 

' A-^7i^/v.-T> /,2.2. 



SECURITY CLASSIFICATION (THIS PAGE) 
12 

LOG NUMBER / SYSTEM SERIAL NUMBER 

EQUIPMENT LOG FOR      jiM LTf-rpuJi?fc.      S7-WPV 
(Subsystem, Major Unit, Etc) 

EQUIPMENT SERIAL NUMBER(S) 

DESCRIBE OR REFERENCE 
OPERATING. MAINTENANCE TEST AND OTHER PERTINENT INFORMATION 

DATE AND SIGN EACH ENTRY 
(1) 

VSi                       TYPE OF CUMULATIVE 
u-.*Sr—                OPERATION OPERATING TIME 

l         HOUR* OP '                 (3) (4) 
OPERATION        fjart  

(2) ON STANDBY ON 

f R.w        At, 

3, 

it-iP-it/ 

C =      -5~?6^   p^J p 

-207 ^ irrf i.    - 2 ?<7 

c- ****.  -fs'J' 
"a? /O <//^ 

/?vV, : 2o A 

c 



SECURITY CLASSIFICATION (THIS PAGE)  _ 

LOG NUMBER I SYSTEM SERIAL NUMBER 

13 

EQUIPMENT LOG FOR  kMLL 7o<^£     STUDY 
(Subsystem, Major Unit, Etc) 

EQUIPMENT SERIAL NUMBER(S) 

DESCRIBE OR  REFERENCE 
OPERATING. MAINTENANCE TEST AND OTHER PERTINENT INFORMATION 

DATE AND SIGN EACH ENTRY 
(I) 

TIME 
AND 

I HOURS OP 
OPERATION —.UnaV 

(2) "T" 

TYPE OP 
OPERATION 

ON i 

CUMULATIVE 
OPERATING TIME 

STANDBY ON 

nhih 

c < y° 

/trvpf » f ,    <£Er* ._  / r? 
/t 

j    ^   ^/tfjv      f ,/>/<70 

-•  2£>^> 'JX. t /?„ 

^Ki 

VY-TT 

*£3<^ 

*& 
£s>y£<rfc> loe-o fXrvX      <f 2./>/y    —^ ^^y6VJi_ 

V/^ro        ^W 

CO        2.1 cro      -2£to     ?>6o 
IS" 2l(rt       32.0     fl>-V 

'7/ Jttv •*-/•? Trp o)- -34O(3T/C) T-2- 

^0 
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LOG NUMBER I SYSTEM SERIAL NUMBER 

EQUIPMENT LOG FOR    tiULTl-Tom £fL       <ST<~\X>X 

14 

(Subsystem, Major Unit, Etc.) 

EQUIPMENT SERIAL NUMBER(S) 

DESCRIBE OR REFERENCE 
OPERATING. MAINTENANCE TEST AND OTHER PERTINENT INFORMATION 

DATE AND SIGN EACH ENTRY 
(1) 

B n< 

£ 
// 27 Oa \Q,£ 

(0 2£crx>       f3,y 
0* 
"to 
C7-L 

VHX I TYPE OF       | 
HottEoF    I        °-f3T'°" 
OPERATION        BSrt^   QN 

CUMULATIVE 
OPERATING TIME 

STANDBY 

///19/V/ 

~'4o -a ITT^L    -2,0*/ 
P9 

L A 

/O        -21/0 /y,V        /3? 

d~L 

4 = 8° f(A   Yc.%   111 
-I3<jf fZTrft \-/9f, 

11 2~>lf /9.J f/2. 
/0 14rO-o /$0       /fO 

<1        2J/7<9 ,33    no 

p/=> 

£    () )Ki 

C Or.A-ft.Tof.     COvwtotr*   cli\i 

ft /O i<MjL 

fa cJt \T«46. M 
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LOG NUMBER / SYSTEM SERIAL NUMBER 

15 

EQUIPMENT LOG FOR     UlAL?!'   TOvZQ- %TU0Y 
(Subsystem, Major Unit, Etc) 

EQUIPMENT SERIAL NUMBER(S) 

DESCRIBE OR REFERENCE 
OPERATING. MAINTENANCE TEST AND OTHER PERTINENT INFORMATION 

DATE AND SIGN EACH ENTRY 
(1) 

r 6«6W        /£^ /t' T 
// ZS70 1,1 130 

fO 2.LJ70 ftO (f3 
i *y/o fix pi 

Z 6XO /fiA /2S" 

l43o l*t,0 \lf 

TIME 
AND 

TYPE OF 
OPERATION 

CUMULATIVE 
OPERATING TIME 

I     W*>pW ON STANDBY ON 

HOURS OF    I        "*?§) 
OPERATION   '    -•-- i—Vi 

fi *-iO ^ 

/o 

4T iZXx lo~<-(27ifxO~ -\SZ(l1?f 

-/J~3~ 2$. - It? 

- /ye = 2^ -/?*. 

«tf"&UA~4 jp* 

/Old/ 

21 .1 // *A>^ 

jT*     *Xtor*>p/ f  '70 ml 
£*4iip 

,/77 » '^V 

c  + a.; 

/UiA^S kA£<#<£cc/ 

ay M*6 

- O-WJI 
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LOG NUMBER / SYSTEM SERIAL NUMBER 

16 

EQUIPMENT LOG FOR ^JLl£i^gLfe=        STUD'S 
(Subsystem, Maj6r Unit, Etc.) 

EQUIPMENT SERIAL NUMBER(S) 

DESCRIBE OR REFERENCE 
OPERATING. MAINTENANCE TEST AND OTHER PERTINENT INFORMATION 

DATE AND SIGN EACH ENTRY 
(1) 

/O 

•"Ml ' TYPE OF 
HOUMOF OPERATION 

I        OPERATION 

l 

ID * 

hfrifjfai      La    tun,   2$Jt    £\l~ H (.t^iih-cl- /*Jt£\ 

fi«P 
vJ\tM 

W» K 

•^-6-^Q • — 

(2) I j °,N STANDBY 

CUMULATIVE 
OPERATING TIME 

ON 

I <1V>tf 

c 
!        : 

^   itr. 
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LOG NUMBER Z SYSTEM SERIAL NUMBER 

17 

EQUIPMENT LOG FOR \\VVTI -rowcK -IZ^Hl 
(Subsystem, Major Unit, Etc) 

EQUIPMENT SERIAL NUMBER(S) 

DESCRIBE OR REFERENCE 
OPERATING. MAINTENANCE TEST AND OTHER PERTINENT INFORMATION 

DATE AND SIGN EACH ENTRY 
(t) 

y Ml t 

TIM* 
AND 

HOURS OP 
OPERATION 

(2) 

TYPE OP 
OPERATION 

CUMULATIVE 
OPERATING TIME 

°J* STANDBY ON 

\oAI/ titles ~y<>s 

2. fM 

lo»\/ fir tus "V,o 

tfoSal- dv+ i/Ov//uU =    10,6 M/^^   t *\h4-*:CL - to JA 

4' Al      oJ-^K   f/4/'A*&*i 

£A=    [Vfe    *rcL\l(ll1>   2g£f; 

1.1 

D*!L [to* 

w ior 
w 3,00 
iz. 100 
£ 200 
Z loo 

til <*#}. 

W 2.0 S 
vy 300 

g  10 o 

I 
9-9 S^ 
f.93*// 

zcu 

flr 

9,^1^3 

4 - 

I     : I. 

yd c^fjf.   Mi   '(dl cf }M 
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LOG NUMBER L SYSTEM SERIAL NUMBER 

EQUIPMENT LOG FOR      MULT I-   To<^J^^        STdW 
(Subsystem, Major Uni 

EQUIPMENT SERIAL NUMBERS)  

18 

nit, Etc.) 

DESCRIBE OR REFERENCE 
OPERATING. MAINTENANCE TEST AND OTHER PERTINENT INFORMATION 

DATE AND SIGN EACH ENTRY 
(1) 

£^pj eft J/u i tUfs 3oo 'ft 

i       i 

ji-ti. 

Z<ro 
fro 

3J"0 

f 
1 

II 

•2/c t/csc -_ ^/t/x/o^ri. 

-   2v 

TIME 
AND 

HOURS OF     I 
OPERATION   | -jr 

(2) 

TYPE OF       | 
OPERATION    i 

(-3) 1 
CUMULATIVE 

TINO 
(4) 

OPERATING TIME 
 (4 

°N STANDBY 

= j     O. Z-&JL. 
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LOG NUMBER L SYSTEM SERIAL NUMBER 

19 

EQUIPMENT LOG FOR   MkLTh   TO **>*&. 5^0/ 
(Subsystem, Major Unit, Etc) 

EQUIPMENT SERIAL NUMBER(S)  

DESCRIBE OR REFERENCE 
OPERATING. MAINTENANCE TEST AND OTHER PERTINENT INFORMATION 

DATE AND SIGN EACH ENTRY 
(1) 

&kt\>&    3^oe)fj(l   UxfiUf   6'*$'A*otnAt 

HI*    JL 

,0        3**0 

JjZ - //6 p fj 

--%%-- M^/jLM^ ££*'?-&- 

-37 
-It, 
+'1 
Ho 

'hi 

I 

2 

3<ro       5~2>1 

tr 

Ml 
3 If 

-.: - t- 
TIMB I 
AND , 

HOURS OF 
OPERATION '  fC 

<8) I / 

TYFB OF 
ION SF 

CUMULATIVE 
OPUlATINa TIME "Wl 

Oil STANDBY C 

' to--'2- 

L^injkL 

r 



SECURITY CLASSIFICATION (THIS PAGE) 
20 

LOG NUMBER / SYSTEM SERIAL NUMBER 

EQUIPMENT LOG FOR        MHi-T-TOiAJeR      STHf)Y 
(Subsystem, Major Unit, Etc) 

EQUIPMENT SERIAL NUMBER(S) 

DESCRIBE OR REFERENCE 
OPERATING. MAINTENANCE TEST AND OTHER PERTINENT INFORMATION 

DATE AND SIGN EACH ENTRY 

R 
R 

L^. 

I 
J~2- 

n 

(i) 

i> 

? 
OS 
/<?.r 

7.1.5" 

1,6 

lev' 3>(TO 

r& <,'*/ *9 m \no 
i.i 0.4/ l.o A 7 \r*1 

i 
i 

4 Pi 4,J 7^ zr 
i 

i 

l.ol 0.1! dp 3-3' 2.1 i    j 

n 2? 2?.r Id-ty /A 7 
i 

Af>7 OXL O'W 10 
i 

• 

I 

i 
i 

TIME 
AND 

HOURS OF 
OPERATION 

(2) 

TYPE OF 
OPERATION    I 

i 
warn 

CUMULATIVE 
OPERATING TIME 

ON 
J 

w. 
a*^s   \6*r nhiM 

"K 
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LOG NUMBER SYSTEM SERIAL NUMBER 

EQUIPMENT LOG FOR 
(Subsystem, Major Unit. Etc) 

EQUIPMENT SERIAL NUMBER(S) J0$t9J>+jh* 

DESCRIBE OR REFERENCE 
OPERATING.   MAINTENANCE TUT AND OTHER  PERTINENT INFORMATION 

DATE AND SIGN BACH ENTRY 
(1) 

/ 62 f   HotUz    pAfAfW   t//   /W'fn*/f ,/i/ityT of jkc-tfz 

/{ /c//*eu   fc£ Mi-Mutye/n    A-/ A 
Pout'!  foot f£"S/7/v/ry  AM   c^'^p 
W&L  .    (CVM fi/OT   HTt*MUflr  /CwMcl or4 /toff   r^P 

gL'»o/tf      Mj' #wn 

TIME 
AND 

HOURS OP 
OPERATION 

(«) 

TVPIOF 
TION 

CUMULATIVE 
OPERATING TIME w: 

ON 

i a /*fo 

c/sHH- \AA fyrx.w.4 fyuxc 

yifijii 
/,     IHTSLUy   62i  /iiOpfl    £o7 (VUL-0 A/OT   Mfru   fa/9iwM 

pifat'ti   A*P fuv    L)vc   ru   nit* toWPS. ; 

r&U 

Of £   ItihPtu      j^  AT    /oAM*   ft* f*fL  /9) 

h/0TL\    BOTH   VCV   A+J 6ir     /ifo^a   x?< 4H>      A/tA/?     /0~n.\ A/OVA. 
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LOG NUMBER. SYSTEM SERIAL NUMBER 

EQUIPMENT LOG FOR 
(Subsystem, Major Unit, BU.) 

EQUIPMENT SERIAL NUMBER(S) ~^i ua<94-JU—.__ 

DESCRIBE OH REFERENCE 
OPERATING.   MAINTENANCE TEST AND OTHER PERTINENT INFORMATION 

DATE AND SIGN EACH ENTRY 
(1) 

fexfofitiiv   B^CH Mwoet'A<k*T   ^</ft,ff/tyis#>'i>]Sf 

IflM TO 

p^i S'ft'f 

V 

V 

V 

V 

i0/ ool £ 

ID 0 01, t 

l\){00l 3 

\0 DOlC 

10 00 h & 

id, DOB 

10,0ol 

5^.3   fitfC I? thin* 

£~0,0      v *    / 

SCff flic* fr? 

Wf Lbfp\fii4       Of/ 

2 

Z OP*A    4001 McDfr) /Wet 

V IUf 00^ 

SusPecr THOitjwiT Wijcn *n*x_ IV &W 
AO    tor   LtirtiSC- 

y»« TYH OF 
HOUR* OP 

OURAMUN crUBWV nil  (2)        I m^m     °P ;    rrANO*v 

CUMULATIVE 
OPERATING TIME 

J 

/£ A/ 
AlttJo/erJbc/v'r 

i 

i I 

£7,0 Jl 

-f ho 

*4i31 

n 

ACftCTtA 

/a 6* 

i cAi-cviAiOiJ 

i     i 
%i 

fat 
)c\j2O0 

A~j2oo 

ft.--     j*Uj 
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LOG NUMBER SYSTEM SERIAL NUMBER 

EQUIPMENT LOG FOR 
(Subsystem, Major Unit, Etc) 

EQUIPMENT SERIAL NUMBER(S) Z±OJ^^L, 

DCfCRIBE OR REFERENCE 
OPERATING.   MAINTENANCE TEBT AND OTHER  PERTINENT INFORMATION 

DATE AND SIGN EACH ENTRY 
(1) 

fCt*  SHU el   /i z>/z*.      Stam Xc~ -j2W-A~  uric**0?? 

L   \wt> W (0  <?0 

/*~o 4f.t      Ite       )g*      o,63 

2t-0 %.<,       11*1       S/f ^3^ 

AM? i TYF«OF        I 

HofiS?OF t""i^T'OW    ' 
CUMULATIVE 

OPEHATINO TIME 

ft.. •A/ 7V 

^o'A q I    Kir* 

4*f*?^u**tfs 

Yi*il huix^  ftl*+v\ MOML 
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LOG NUMBER SYSTEM SERIAL NUMBER 

EQUIPMENT LOG FOR     fdMULL  jfbL££,    ^TUDY  
(Subsystem, Major Unit, Etc.) 

EQUIPMENT SERIAL NUMBER(S)   

DESCRIBE OR REFERENCE 
OPERATING. MAINTENANCE TEST AND OTHER PERTINENT INFORMATION 

DATE AND SIGN EACH ENTRY 
(1) 

CuJ(a.(«f\_ £Ln_    -fast?     PH        iD-tuT      « <<-/, h j) ioCt t^T"" 

TIME 
AND TYPE OF .rmwr CUMULATIVE 

HOuSfoF OPTION OPERATING T.ME 
OPERATION   I    faHoW 

(2) II STANDBY 

J* Mi 

-^L 

tf <£ Z^ ; f» 4 <f,r -* W '     ^O'fcJl   - 

w*%T    <£     2$~6   j P Z   '  fy ji     t,uvvc crvu < fit) 

lu^ci/i.     ^irvyP      io^cX- i'f^L  ot^CeWietftt/ A 

/&.«> 

HA/A 

1 
la 

/I 

i=    flfscJi- f 

3? 

*d 

aoT St3 1f,3 72. If 
2<TtO p/.y */«</     *.T *.<? 
3<*> /*./ ?</,i r»^ /Ai 
3$-e &>l *n.^ Him M 

+/3 

A. 

£t'*&/>l>f***X~' 

l2/</7 7    i 

- 2fc «  2«r4i. - tip 
L- Wf/X 
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LOG NUMBER SYSTEM SERIAL NUMBER 

EQUIPMENT LOG FOR       titiL I I ^ TCUJZZ-       <;7TJ1)V 
(Subsystem, Major Unit, Etc.) 

EQUIPMENT SERIAL NUMBER(S)  

DESCRIBE OR REFERENCE 
OPERATING. MAINTENANCE TEST AND OTHER PERTINENT INFORMATION 

DATS AND SIGN EACH ENTRY 
(1) ^* STANDBY  j 

i       {     -      .1 » 

—' "<>•*        Si,') /3.* ,7^ io.<) 

<<6 
or 
it/ 

•6Jt<&r 

AND 
HOURS or 
OPERATION 

IS) 

TYPE OF 

tTAMOsY 

CUMULATIVE 
OPERATING TIME 

ON 

i 

l    £,2r'   <uZZt  potT       o-Jj    I2'     ^i'W    S^clfo/s    h> < &'JJ,**l- 

3 <n> a ¥ 11 

w   /    fti      fl 

? to 
n 

M 
2.0 137 

f 

i i 

/£rtJ'o*c- > ?f*/o*c   & 2. 
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SECURITY CLASSIFICATION (THIS PAGE) 

LOG NUMBER / SYSTEM SERIAL NUMBER 

EQUIPMENT LOG FOR    Ah'Mf Tc^di    j/~6; Y -Cj' /gia-jJt-r*,*. 
(Subsystem, Major Unit, Etc.) 

EQUIPMENT SERIAL NUMBER(S) 

DESCRIBE OR REFERENCE 
OPERATING. MAINTENANCE TEST AND OTHER PERTINENT INFORMATION 

DATE AND SIGN EACH ENTRY 
(1) 

RulLlnl  «/     4.1? »~H    It-fa** l&'i0 4M   <>$ 
IhtoJWJuL    bidil iV/^   at    200' ity 

Z,    A,(dtJ    U  fuuL'Ji , V1 fa     62$' (^(rt^jx 
Wi(ti'o(n\     bin*.   l:HPan^"tf     $:l0 fir*.      ^ 
/W;wW     LtlJ    tn-(t*y>yfc,     l~+-        loo' S h/ 

,  .• 

IMS TYPt 0|r       I 

°••°» l *"T< °,N  TANP.Y 

CUMULATIVE 
OPERATING TIME w 

I M /2. UtilTf 

/;iO/ni      <«&•£*.Iff 4 
«?i0 tU. 

ad 
a rf 

/A 

/ * » i 

£jc«LU fryJh   Ar^ I .     ffdtl ;+44t+.*s *  ^d--t'^2(LC a^^J ^U+^^fa 

RA ^C 2lxJ£±L 
./si   suo 

-)2 

(•V t/Wv>vf   /5 #lyv    &ta«;*^«/ 

(dkultit fa+JU faz #t = 11.1 

» «      ,:r~- 
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LOG NUMBER L SYSTEM SERIAL NUMBER 
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EQUIPMENT LOG FOR    Mt&LLL. T^^^fi        5 T *D/  
(Sub»yrtem, Major Unit, Etc) 

EQUIPMENT SERIAL NUMBER(S)  

DESCRIBE OR REFERENCE 
OPERATING.  MAINTENANCE TUT AND OTHER  PERTINENT INFORMATION 

DATE AND SIGN BACH ENTRY 
(1) 

/H^ 

F-'Vi ^MWW;     (situ*//? 

CO  ^^ / 

ic.6 /PulS 

b&L      UUiXU.    f>°<.T    7.6'^n      IjcfohT    T<><6£>_ 

c~- rs.^ n&n/ ffyt- ?,?A. 
fall (siftwc) off O.TCIAC&V< 

TIME 
AND I 

HOUR* OP  , 
OPERATION 

(2)      J —7 

TVFBOF 
ION 

>J* ETANDB Y O 

-   • I 

CUMULATIVE 

/i-//-7y 

7t*i o /ryd+~f/t^t 

i 

i 

i <i.s 

Co-~f   fo,C*~uZ^/plc+C4l<^**fi>\^ 

XfMl. 

Ar/<L OnX^.fC>f  1)6*^  To pit    f'7^**X  6#jr& 
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LOG NUMBER I SYSTEM SERIAL NUMBER 
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EQUIPMENT LOG FOR        *1UL,T(-    J6Wfc%t ^TliV 
(Subsystem, Ma jo: * Unit, Etc) 

EQUIPMENT SERIAL NUMBER(S) 

DESCRIBE OR REFERENCE 
OPERATING. MAINTENANCE TEST AND OTHER PERTINENT INFORMATION 

DATE AND SIGN EACH ENTRY 
(1) 

TIME TYPE OP 
AND OPERATION HOURS OP TS)"1 

OPERATION , —<r ar 
(2) / y 

.(      - •      '   - 

CUMULATIVE 
OPERATING TIME w 

STANDBY 

1 n/hhf 

£ =   C4t cti- 

&    LOST' so^ft,       ** ry? cOh    ,. 

£^-o.rrjL 
&c/d        H   '    /2  Top    (oe<J $T?Afz+t/js\ 

i 

Q 1A} tiff*      ^  2- d    ^/,^ ^ 
Pou^- r*M- 7^ 
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LOG NUMBER L SYSTEM SERIAL NUMBER  

EQUIPMENT I/YI POP    fjtU T- 7&*>* £- Sf^l {W 
(Sub^Um. Major Unit, *t£) 

29 

EQUIPMENT SERIAL NUMBEBIS) 

RIBI o« H—WOl 
oriHATINO. MAINTENANCE TWT AND OTHDI KRTINKNT INFORMATION 

DATS AND SIGN BACH KNTST 
(1) 

t>f>  /*0c*d~e 

TVFIOT 
Hotmaor 

•-1 "^ 
& 

OUMWLATIVS 

I /*/i»/"7Y j 

j/"^ 

W e><- r. 

(•*<*    136 

£**~r^ yiou~J  sT^<uf   fajht   CojJT'*   S-i?i&' 

i^A- 

fl.o 

f7,C 

$K,0 

2,f 

'*3 

*& J 

i 
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LOG NUMBER L SYSTEM SERIAL NUMBER 

EQUIPMENT LOG FOR     fljUt-TI-  Tou>*$. <?Tlt&)/ 
(Subsystem, Major XTni 

30 

Jnit, Etc.) 

EQUIPMENT SERIAL NUMBER(S) 

DESCRIBE OR REFERENCE 
OPERATING. MAINTENANCE TEST AND OTHER PERTINENT INFORMATION 

DATE AND SIGN EACH ENTRY 
(1) 

°,N   i       STANDBY 

Ifo 

l?0 

5L* 

•h- 

r-.   

//r,2 ^* gr>i     xi. ° 

>   -7o | 

*3 . 

Vf.) »H 

iVccfe 

ft. ? ?l,9 

74 

CUMULATIVE 
OPERATING TIME 

± •4) 

/r." 

^    CmUKeaT     rP 6*** Pop-Verm. 

fife fa r    d\> -     c^     '*••' 

VJ>    j,^,/  / 
3*..-?JL 

8W     iuuittottu (Z /0A,fa      \(4?y/i 
ftJuJ'^  ^.H^MV 

V 

hi, 

°Lfice   jlffi. ro/f £>»>Y 

'I 
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LOG NUMBER L SYSTEM SERIAL NUMBER _ 

EQUIPMENT LOG FOR    M SUV) ~ Jo xo>£ R-        *>T«V>j 
(Sobtyitoia, Major Viit, 

31 

Etc) 

EQUIPMENT SERIAL NUMBER(S) 

DESCRIBE OH REFERENCE 
OPERATING. MAINTENANCE TUT AND OTHER PERTINENT INFORMATION 

DATE AND SIGN EACH ENTRY 
<!) 

•4.* 

5"i/actx?%b     3^~?SL 

C^^JuJrKFME  SS*S*'&*>?fit 
Q if.r MHz ' 

)i p/f//c    fa«d»rj)  ~ M* 6m tf 

Ttty*u>wccL fawjti c~f&. crt'fti roru 

TIME 
AND 

HOURS OP 
OPERATION 

(3) 

f TYFB OF 
[RATION     , 

CUMULATIVE 
OPERATtNa TIME w. 

°J* STANDBY  , ON 

o\S 
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LOG NUMBER SYSTEM SERIAL NUMBER 

EQUIPMENT LOG FOR    JlAAl/z    T$ U&fc-     ^ThP*/ 
(Subsystem, Major Unitf Etc) 

EQUIPMENT SERIAL NUMBER(S) 

DESCRIBE OR REFERENCE 
OPERATING.   MAINTENANCE TEST AND OTHER PERTINENT INFORMATION 

DATE AND SIGN EACH ENTRY 
(1) 

TIME 
AND 

HOURS OP 
OPERATION 

(2) 

(3   'ooMfli   ^"fCftlt^^lAdf   v£<4* 

TYPE OF 
OPERATION 

mlr 
CUMULATIVE 

OPERATING TIME 

ON 1 
w 

STANDBY 

cpe^o 

C<d-&-   f<rtrf> To    C,'t/oUC^T) y?*-t^7£     slsUPt&ZSt 

® (i.ffAtt*        Q   2of((«f)/0-k>    <?s 

4«HI/ 

2a. J1 

24.J0 

V5J 
»*' 

d,fJi 
0.9) 

p?/ 



SECURITY CLASSIFICATION (THIS PAGE) 
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LOG NUMBER / SYSTEM SERIAL NUMBER 

EQUIPMENT LOG FOR     MUi-Tl^ T~& w&g.       5 Ft4£>Y  
(Subsystem, Major Unit, Etc) 

EQUIPMENT SERIAL NUMBER(S)  

DESCRIBE OR REFERENCE 
OPERATING, MAINTENANCE TEST AND OTHER PERTINENT INFORMATION 

DATE AND SIGN EACH ENTRY 
(1) 

/ 
1 

r 

7 
% 
ri 
/o 

t»jT* 

A dd  pn oc^ui J   /2m s 11 
**tCL. 

2o^" 
no 

Jos' 

M 

it.zm-- ?o,3 

S rt.' 
£ 3o $14^ S ^%z 

£ is£«^s iff, •) 

t? (ft./ 

.-/ 
jiiM?/" onouv+d c«nnt'*if~    YPtiiZ.  ot.fs cm. (& /0(,jt,l tt> (' 

/2-^'i^aji'q/s      *•»   'fry«*/*#»$ 
a ICYf«/in 

^ t/fc,!/ 

/ ^0^ Z7.6- W£, n-S 
•2. 5to<7 v.z. 7S". z <n.o 

3cc VI r/.l <*}.* M?.r 
r 2/V <I.Z ?3.<? *},o 

£ •2 0f oi ti",f Cz.Y 
7 *or rs.l trj fl.j 
r **/ r/-7 13.? *f%-f 

? t?9 rt.s Uf 6W 
/D *>/ a.$ <rs:$ 6Z.o 
/ *°& <3.o K.o rc.-L 

4* 

r.i 
6.2. 

4, z. 

^1 

H« >W 

TIME 
AND 

HOURS OF 
OPERATION 

(2) 

^/**\ 

OPERATION 
T3) 

STANDBT <      o 

CUMULATIVE 
OPERATING TIME 

(4) 

a 

&jtob 

TANDBY  I 

~si<, 

hi 

h,l 

16,1- 

o 

3|j. r 

s/.; 

3Z.6 

•3 :o 

z 

f< 

2-0 
1 
f 

Hft, -ub*f 

£   +•/ I  - «?/i) 

r'. 3 
r,/ 
i'f ^ 

7. I 
r.i 

spy 

*7J 
*J 

PA. 

•fei i 

12. 3   I 

f4V 

?;.7 

H 
l3.l\ 
m | 

7Z° 

t$1 

tz^J @ 

/3. / 
/2.C. 

/rf.3 

iO.mfar 
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LOG NUMBER / SYSTEM SERIAL NUMBER 

EQUIPMENT LOG FOR Mtn-Ti- n»**       ->n^Y 
(Subsystem, Major Unit, Etc) 

EQUIPMENT SERIAL NUMBER(S) 

DESCRIBE OR REFERENCE 
OPERATING. MAINTENANCE TEST AND OTHER PERTINENT INFORMATION 

DATE AND SIGN EACH ENTRY 
(1) 

e1    /, /'«£-w/mi" 

IW/ffo 

"""" TYPE OF 
OPERATION 

(3) 
kt*HOBY ON 

TIME 
AND 

HOURS OF 
OPERATION 

(2) 

CUMULATIVE 
OPERATING TIMS 3E 

it /* 7/ft 

Q 20(, '  A/u^ 

eA--    o.<r&  _A— 

£^    tf.fr-   <>.?</   A- j 

isr?t£? Ji^r<*<~j)yJf   M'/U   3-i  6o//l /d^ 

7y 

-7* 1dt*\s.i*«V 

'   J   i ! 
i i       ! 
i i 
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LOG NUMBER 
/ 

SYSTEM SERIAL NUMBER 

EQUIPMENT LOG FOR MM Jew, ^fc^ k_ 
('Subsystem, Major Unit, Etc.) 

EQUIPMENT SERIAL NUMBER(S) a. 
DESCRIBE OR REFERENCE 

OPERATING. MAINTENANCE TEST AND OTHER PERTINENT INFORMATION 
DATE AND SIGN EACH ENTRY 

M> 

I-2-7S"        OfktAVorJ AT 9&M2 

VSS I TYPE OF ANO OPERATION HOURS OF Vr*7§) 
OPERATION 

(2) ran— 
CUMULATIVE 

OPERATING TIME 

nsofr/s-M 
t 

S\ 

63*• !        : 

+ ^7cil    t  tod.   / jow   .    TlV:JhU<v^k    LJ | yiLUy   RA ^ j 

UJv^   jL-y\   An   I/of*.!-*] fc&p\M>> <u 

63 

I ; 

/^W    c^  i^/4> 
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LOG NUMBER / SYSTEM SERIAL NUMBER 

EQUIPMENT LOG FOR l/WAk I CWQ? Juich 
(Subsystem, Major Unit, Etc) 

EQUIPMENT SERIAL NUMBER(S) '<%ft*JL 
DESCRIBE OR  REFERENCE 

OPERATING. MAINTENANCE TEST AND OTHER PERTINENT INFORMATION 
DATE AND SIGN EACH ENTET 

(I) _ 

H-1$    QP&ATWtfAT    9,?i0lhH% 

] T.'JfJF TYPE OF       I CUMULATIVE 
HOUMOF    I        ""flJION    | OPERATING T.M. 

OPERATION      TJJOBSl—ON 

KW 

t*4$ 
STANDBY ON 

L.^ fop  MO   Toe loAfcxs       Tw.  P?JV/V|  Iteu+tAJ /*»*••£> +2of0l-. 
fflut,      &>*>8\ 20S1 

(W 

t)    I    fau.LJ)       $W    facy, try 

6()       C tiuXuM 

[i     \ tvU-*L> 

IMJ   2 *    6     £"TUL U.*-1( 

S~   ff.Jcll 

I 
1 

E- ! til, y\JL 
I       A        I 

k~*\ 

«l 1(1 

¥1.2 A^ 

i 
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LOG NUMBER L SYSTEM SERIAL NUMBER 

37 

EQUIPMENT LOG FOR $UJM 7toVlJk&) 
(Subsystem, Major Unit, Etc) 

EQUIPMENT SERIAL NUMBER(S) y 4dtoJLr&- 

DESCRIBE OR REFERENCE 
OPERATING. MAINTENANCE TEST AND OTHER PERTINENT INFORMATION 

DATE AND SIGN EACH ENTRY 
(1) 

\-i-iH    OfeRfftoN AT   moo /hHy //./ft-J:ii\       ^\ 

6.15/1- Md     /I/O TOPLOSPMS     KiW^,   t~f/di\n.    ^ tjc - 4,oi 

TIME 
AND 

HOURS OF 
OPERATION 

(2) 

TYPE OF CUMULATIVE 
OPERATION    , OPERATING TIME 

(.3) 
*•*»•» ON   j       STANDBY 

w 
ON 

1^ 

II   wf ivtfiktu    IA£6S fksftis pis.** 

II   TOP UAprt- 

i-tr 

£; Sfdl 
rfe 

f-,( ,096) 

(OtigBC 

,   1,1 Uff<- fWT    M tie u-*>i*s     i> <?•/*• 

1 fl   for    A/o   nUotfcds       Tr/<s~KY*fri 
-(.onA) *&> 

4JI   JAT      n  fi-f   lothn        T '-;.rAV,ic%   jf- &Ut(l   |  fi* Asr 
r _ /   .   . . /,. i 

RECriEtKfP    ca-p/S/kr/oH   OF   F/£i>Ji>  tJTerfirri/(BTk'fi.   \)ff tor 21 lit) 
A/St)    f-out/i?    }E*PW£   HIM   /?Y    iSOB 
$i   SBTVMG   iMpuLSr frnsw/tjo/z   TV 
/OAHHfr.   TkiS   PiScoJed'i  Maths   T*AT 
/i/ou   uo^en    8Y tjf3,sp0) -~ x 1.5     AM 
#Y   7PS    0i{   £.15.      THUS   THC pfiift 

TO   -ft M fi/M    £ti}* [ 

/Kid/ i 

£,   tfJ.lJJL      faCty 

WJk 

,4i lL'  Ui. 

+ Mt- f.7 

#k-/ppf£ Mc /tfHiM* 

T*KE#    t(i  Wl> jf/7 frUOtATtS 

f' n/o nP MM .ST A. 
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LOG NUMBER / SYSTEM SERIAL NUMBER 

EQUIPMENT LOG FOR     /hJ-blflrth   jggb 
(Subsystem, Major Unit, Etc) 

EQUIPMENT SERIAL NUMBER(S) ^4 7  {£2*£±Zi 

DESCRIBE OR REFERENCE 
OPERATING, MAINTENANCE TEST AND OTHER PERTINENT INFORMATION 

DATE AND SIGN EACH ENTRY 
(I) u 

V!f! TYPE OP 
-_*I!P«. I       OPERATION HOURS OP I (3» 

OPERATION i   HJHV       -ZZ  
(2) JTASDSY ON STANDBY 

I 

CUMULATIVE 
OPERATINa TIME 
 i£2  

/3'JO -h';k l/ 
(flku.)fv\lw*Ji A    MJ   <*ito*^   jjA.     It> /fhcibi     o*   tcp of  iJ4t 

[}>  fiu   tip     &-<MI 

flkXa-fvt/ur/     cil 'fcdv-   /ha   Ho '    ^.^^Xw^     c«Ma.       -2*/ tap JbuiaAs). 

fvJJli^V   {Und»+S     ZW     S       ,0H< faftbM ' I 

R 

QytcU -\ 

l    2.V+ 

ii 

! i 

id-tyyOL      bid    CAyJLhJl     Ul I Jty/<rf{^e>+^     A^t L    2 - lr'7S" 

Lt f*** 

r 
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LOG NUMBER / SYSTEM SERIAL NUMBER 

EQUIPMENT LOG FOR MMTfptfifc rro£j 
(Subtyrtem, Major Unit, tte.) 

EQUIPMENT SERIAL NUMBER(S) 
CT   »V"   -  -«^ 

DESCRIBE Oil RBMMNCK 
OPtNATlNa, MAINTENANCE TtHT AND OTHKH PEHT1NENT INFORMATION 

DATE AND SIGN EACH ENTRY 

-amU   UOfl    Wi  JffTuL 

T 
TVPBOF 

I onHVON 

i    ON 

CUMULATIVE 
OPKHATINa TIME 

f*f.<f]07*fy 

/tf€/fttu ac^-ia   VhTf sv~  fund- 

1.10 

VTVflj 
HP HioB 3 V&c*&e 

2. H h^v   AA~ 

2.. /On/    vs6/ Ho  to.l\  Afi^tf ,'f i^wL^ 

^ /TJCJeci   ^w^   ckk OTH   N<*     Ito'aM 

W<*      SOS    tJAj*A     jU{ ^-=l.02(^h     till        : T^J^y 
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LOG NUMBER I SYSTEM SERIAL NUMBER 

EQUIPMENT LOG FOR fl (,'j P 70*1*     f/Vj> V 

EQUIPMENT SERIAL NUMBER(S) 

(Subsystem, Major Unit, Etc) 

DESCRIBE OR REFERENCE TIM? T""' OF CUMULATIVE 
OPERATING. MAINTENANCE TEST AND OTHER PERTINENT INFORMATION HOURS OP OPERATION OPERATING TIME 

DATE AND SIGN EACH ENTRY OPERATION WBMBT2  r,M ^  
(1) (2) W«"BBI ON STANDBY 

TjhUiLviQi   ^^/ttiA-KAL-ti   ^td.   9ft a^i^K^a f /* fof InjkAs, 

tuMjf       *V           y/?             " ^  ~ . j          .       , 

b"tv     3000     0 -jllll L3i1 , , 

>W     3,7f     0-jlSlfUg i '      I 

V   *   ^0oo       JZ)5C      ^   -,'2/6:7  / K; 

<} SOQc       3I0O      O  -jlIU L   Ut 
10 SOoo        hod      0  ^$0   /  ;0u   HU 
11 SocQ       iffl      0 p?0  J 

Btsr ((//vSitfttrf ptrfi is f/t     CfijtP o<</rHis •    Xc - fid> _y,    L/o(M *ao    2jf2 f 
aj_ __    -  —----- 

2 

YL = jy • -vc    f - /jo T2y;,r - ^r 

X,   TOP   LOfiPtm     LDOSt   Poc  jv   W<4/P 
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SECURITY CLASSIFICATION (THIS PAGE)  ,  

LOG NUMBER L SYSTEM SERIAL NUMBER 

EQUIPMENT LOG FOR MOLTi niAi'ix.  m*Y 

EQUIPMENT SERIAL NUMBER(S) 

(Subsystem, Major Unit, Etc)  ^_ 

<vWA— 
DESCRIBE OR REFERENCE VND TYPE OP CUMULATIVE 

OPERATING. MAINTENANCE TEST AND OTHER PERTINENT INFORMATION HOURS OP OPERATION OPERATING TIME 

DATE AND SIGN EACH ENTRY OPERAT.ON      n^      ON   '    BTANDBY        oTT 

4'/*Afah^r IJ (tf 6*J*A  4.r// fa* A* 

tj froc     ^ico      2,1      -jffl      w.</ ' iukiUl^: ,C •'tO.ipf- 
10 $000     H(,0O     ij      -/fa        it.f ,/.» 3»V/iM 
11 $000     \ $100     2.0        rjtf.L ,  h^ed ^ .    4fAt UyJL 

4-1-75"     Win $jh.f cAn,\ t- deMxU /   WfcSTF     WtMpS   C/*L-/y 

(Ofl/Ti/i/i/lv   SL**tT HQ    IftPEiWCl' Mk'fi-MePIWTS\ \ 

to/tj      SCoo    tiioo       2,1    -jM'1 Ln<i 
/;       (mo    it boo       if    ~;iiQ>)\ ' fC ffflo >4 boo 2,f -iyOd 

f\^/t'.i*r woo woo jgit     o   ' 

<\ $ooo moo 2,1 'jlO° I ^r CtJaJkku. Ufril t^  iltyi-.so^s 
\0 0j, ifsto 3,6 -\K   \& i   C-   Wtpf , {x7l-^Yy 

fa    H OoJ iWO $000 3.j Q       J 

c\ o sew HUO 2,i -\&i LtYi1 yL*\W*p£sir c-ay 
10,v $O0O L(b20 2.4 A'^y       A^yityu^l J     *  ,        ! 
10 , fooo    $000 i.L        0   Ail .        V"-JJ^r';/r'''"'' 
lie poo    $ioo io     ,J7I J ; • I'WpH 
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SECURITY CLASSIFICATION (THIS PAGE) 

LOG NUMBER / SYSTEM SERIAL NUMBER 

EQUIPMENT LOG FOR M}0't,nfl(r   TovJ£/l   STUDY 
(Subsystem, Major Unit, Etc) 

EQUIPMENT SERIAL NUMBER(S) 
V' f/yU.fJi-Ti Jx 

DESCRIBE OR REFERENCE 
OPERATING. MAINTENANCE TEST AND OTHER PERTINENT INFORMATION 

DATE AND SIGN EACH ENTRY 

"+" 

TIME 
AND 

HOURS OP 
OPERATION 

(2) 

2 

to     toco-Moso   io   !fj9£,04M   d/JT    V 

X2L,~ -X,, /.. 

TYPE OF 
OPERATION 

.3) L3) 
STANDST ON STANDBY 

CUMULATIVE 
OPERATING TIME 

i--~«"    "    —» — 

t 

yc*\ jjjtff 

c 

= M9 

RuL'utic*   fau*M+j*.-L- Shi   9/{ ~/2/uuLJ  c^ 
f/xsM 

V |fr//h- 

6e 

K,   M-KJUJ/ 

Z-    ISV**   A       =,03} A 

^   1   ft?) (20S)     l_   _l_]   vys  ,77^ 

,      t^^Bm. •2°Jr^ 

s        • 

I        I 
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LOG NUMBER / SYSTEM SERIAL NUMBER 

EQUIPMENT LOG FOR      ^JltHfLL    Zjjfjj^ A'^^ 
(Subsystem, Major Unit, Etc.) 

EQUIPMENT SERIAL NUMBER(S)  

DESCRIBE OR REFERENCE 
OPERATING, MAINTENANCE TEST AND OTHER PERTINENT INFORMATION 

DATE AND SIGN EACH ENTRY 
(1)           <» „| 

TIME 
AND 

HOURS OF 
OPERATION    I 

(2) 

TYPE OF 
OPERATION _.'ERA'. 

ON 
J 

CUMULATIVE 
OPERATING TIME 

STANDBY 

tf&*urr   CtA>&*7Z(i    Ar*>     J/fTtiz . 

Ayl fuck     , HO 

PiSTA*(c   frpk'Mtdi*    /J    /Urtfluy     JOf 
'     t 

1, 

I i i 
(2> SLANT rchpifa iv to  o//f Z/iMiAL   y>n*/&   if .&* *'#!<, \ \ 

Gl.z til-   —   2>*V 

t>/<: 

#* ,22. 

4-20'        , 

C / \ V IS 7 

P= . lo'r* 
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 L SYSTEM SERIAL NUMBER LOG NUMBER 

EQUIPMENT LOG FOR MVisTiUL    rou-'iz M^AVA 
(Subsystem, Major Unit, Etc) 

EQUIPMENT SERIAL NUMBER(S) ^T^jxsbsx. 
^Bft^nBuaB3M& 

DESCRIBE OR REFERENCE 
OPERATING. MAINTENANCE TEST AND OTHER PERTINENT INFORMATION 

DATE AND SIGN EACH ENTRY 
(1) 

TIME 
AND 

HOURS OF 
OPERATION 

(2) 

W> 
WMDBY 

TYPE OF 
Tl 
) 

OPERATION 
(3) 

CUMULATIVE 
OPERATING TIME 

°J* STANDBY 

/#'-2o u  /6.ou      f/v) 
ty?*Ttt&K : IS- ii0?!    to (Ml,  ^> C^in      £0Atfi / | 

fllfr^£»     6( (OAY iflIP ftlofi.    fcK    /?A5t   l^LXyttfC-       • , 

i 

c'4  ^Jj^V b ft7A* 

fl'l/o.n JO* 

HO, Kc(£.   =   /0.<76*v 
I     I 

',/<»7    tiro /ft?} 

• LAuJL 

•7Utit 

2r 

C\IJ**"  jp .or/*- 
V7 

R. =fX9 SYSJk* 
so5   slto W.YI 
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LOG NUMBER / SYSTEM SERIAL NUMBER 

EQUIPMENT LOG FOR       MjlHJJMM.   SOLO! 

45 

(Subsystem, Major Unit, Etc) 

EQUIPMENT SERIAL NUMBER(S) -y' /j^j^u 

DESCRIBE OR REFERENCE 
OPERATING. MAINTENANCE TEST AND OTHER PERTINENT INFORMATION 

DATE AND SIGN EACH ENTRY 
(1) 

•"•f* TYPE OF 

HO5S?OF   
opf$roN 

OPERATION    |   tTAJtohV        ON 

CUMULATIVE 
OPERATING TIME 

(4) 
STANDBY 

tfjl Jl?     W£*THw:  35* - Ho T   M^v/    UEA& 
i 

locf n <?sb four / , 
UA»~ fa> AftTtvA'fi. i#TQ tftfU- fitful   yc  r^fii/C- fay f rh^tJ/Arr //vn-r 
COAY &£QWl>   I A/ PAKC6PW,    CoetkWT 7-^/ujfc^/u&! S///bU'  <£*t)i>yp 
AlSo   TV   STAK&       fOWlX   /?ArJe   &/ZOW&& y 

it-*- ; 
(>* tISdJL -.id uue r &2.0 At - V.tilJr- ^A/ 

^7 
sl3 7 *lo*_ 

v in f 

fiAL^t-tti    Ar$- 4£ir\fc> yu~>~J J<1*MJ>.   fiutiUh fct* iw/ /j^V -j 
I 

I        t 

(3/     fokl*k*l$M*tL   VOM.  t'/Ki*Ju itti 

V-7 

1=     it$c<l+ .l-f^L* tiled-9   26^v" 

J 

V7 
^'liL l2L  4 

n   ruo an 

^, i /- 

I 

\ **\ 

77 

1 1 
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LOG NUMBER L SYSTEM SERIAL NUMBER 

EQUIPMENT LOG FOR        JKUML   TOWLT,   iJV£J_ 
(Subsystem, Major Unit, Etc.)   

EQUIPMENT SERIAL NUMBER(S) lM£t^x 

TIUV  DESCRIBE OH REFERENCE TIM! i TYPE OF CUMULATIVE 
OPERATING, MAINTENANCE TE8T AND OTHER PERTINENT INFORMATION HOUR* OF OPERATION OPERATING TIME 

DATE AND SIGN EACH ENTRY OPERATION    -fliSE^—^r ^  
(1) (2) WMWT   |      ON STANDBY ON 

fat 1/1 VoN    fP6*1    %:ldA*    T0     /ZOO       AT     9,9*3/*%*      |    /U *S°/#*? 
1 I 

5/W F£#  TesT WTO   OMe   /?ADIAL    o£   2 ^V//>zj  - Aid A**r(f/*ox 

r- ' An cJcMLU   >   .29W 

I ill 

v   ' \       ! 
I I I      I 

, 1 i 1 •      ! 
iff)      POVBU (uVpuiTofi.   (I*.Old)   y*,6Li   #*V>/hL     iW\ + Tti> SA/f 

i   "7    1       ; • -'f 
j I 

(5)   POOAU  (01/J>i>(n«s      ijACW  ftAfi/t-L , C6»v*lia\   RsKz~ \ 

p= 4trd     ('t£ , £'\lovr)/>   )#olt*.Kn. 

£= £_' = M? -\i?A-"-     -&t* ^M h^ lyuk**1 H^H^W.^ 
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LOG NUMBER / SYSTEM SERIAL NUMBER 

EQUIPMENT LOG FOR       Mill  IOWW   SjV£j_ 
(Subsystem, Major Unit, Etc.) 

EQUIPMENT SERIAL NUMBER(S) '?;''£ U)Jki. 

DESCRIBE OR REFERENCE 
OPERATING, MAINTENANCE TEST AND OTHER PERTINENT INFORMATION 

DATE AND SIGN EACH ENTRY 
(1) 

AND '      OPERATION 
HOUR* OF ( 3 J 
OPERATION        1BBBW    — 

(2) .—--• ON STANDBY 

CUMULATIVE 
OPERATING TIME 
 <*> 

! 

j   JUI   y     R~    vt.      ii ̂  

/6?A-/<i «kw y?w /,ilf 

J4     fO-fk-Hi SOOo wo /,¥s~ 

1,1 so      $o*> Hteo ,b'f 
$~t h'          fOoJ iff ft) 

-JU / 

;/ 

•j 

7t; 

/oC; 

/* 

r    -;*< 32' 

V6fih 

lSUf J(ALl/fC 
; 2., 
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LOG NUMBER / SYSTEM SERIAL NUMBER 

EQUIPMENT LOG FOR      Mjlkll  ToWiK   SJtil 
(Subsystem, Major Unit, Etc) 

EQUIPMENT SERIAL NUMBER(S) ^Qjgj^Jn^ 

DESCRIBE OR REFERENCE 
OPERATING, MAINTENANCE TEST AND OTHER PERTINENT INFORMATION 

DATE AND SIGN EACH ENTRY 
(1) 

^-//-7«r      Wtot*, CJLA, coin,    1o-rs°F 

""*** I TYPE OF 
.,_ f£2 __ OPERATION HOURS OF ( 3 1 

OPERATION !   UtlUgl ^-,    '  
(2) SMSBST ON STANDBY 

CUMULATIVE 
OPERATING TIME w 
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LOG NUMBER / SYSTEM SERIAL NUMBER 
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EQUIPMENT LOG FOR MJlkLL  TCV/LX £TV£X 
(Subsystem, Major Unit, Etc.) 

EQUIPMENT SERIAL NUMBER(S) •4rfZj* 
DESCRIBE OR REFERENCE 

OPERATING. MAINTENANCE TEST AND OTHER PERTINENT INFORMATION 
DATE AND SIGN EACH ENTRY 

(1) 

TIME 
AND 

HOURS OF 
OPERATION        HtJ        S3  

(2) MUHM1        ON STANDBY 

TYPE OF 
OPERATION 

t3) 
CUMULATIVE 

"TINO " 
4) 

CUMULATIVE 
OPERATING TIME 

(4> 

ON 

SIAAT 
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LOG NUMBER SYSTEM SERIAL NUMBER 

EQUIPMENT LOG FOR Mvi>v fiwird  sn&y 
(Subsystem, Major Unit, Etc.) 

EQUIPMENT SERIAL NUMBER(S) y. tt 

DESCRIBE OR REFERENCE 
OPERATING. MAINTENANCE TEST AND OTHER PERTINENT INFORMATION 

DATE AND SIGN EACH ENTRY 
(I) 

TIME 
AND 

HOURS OF 
OPERATION 

(2) 

TYPE OF CUMULATIVE 
OPERATION     I OPERATING TIME 

132  (*> 
STANDBY ON 

H*ti/rt«)fl Wow    H~TMg£ rfflW,  GtfcS 'CtWM ,   from /s   0°. 
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LOG NUMBER SYSTEM SERIAL NUMBER 

EQUIPMENT LOG FOR     E ^LJI^U T" <£tft     SfO/> / 
(Subsystem, Major Unit. Etc) 

EQUIPMENT SERIAL NUMBER(S) ^3^-M 
DESCRIBE OR REFERENCE 

OPERATING. MAINTENANCE TEST AND OTHER PERTINENT INFORMATION 
DATE AND SIGN EACH ENTRY 

(1) 

•fjf TYPE OP 
„_**JP„ I       OPERATION 
HOURS or (3) 
OPERATION fMBJKf  

(2) ««•»» 

CUMULATIVE 
OPERATING TIME 

(4) 
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2. LOG NUMBER 

EQUIPMENT LOG FOR 

SYSTEM SERIAL NUMBER 

tyuisVpU Towtf_ )7Qpy 
(Subsystem, Major Unit, Etc.) 

EQUIPMENT SERIAL NUMBER(S) 

I       TYPE or 
OPERATION 

(3) | 

TIM! 
AND 

HOURS OP 
OPERATION      -Sgm — 

(2) j j .;.---=*=... 

DESCRIBE OR REFERENCE 
OPERATING, MAINTENANCE TEST AND OTHER PERTINENT INFORMATION 

DATE AND SIGN EACH ENTRY 
r —•    „,...,.«„ « .^ J.D .,   ,.,, ..  „_._ r_. . _^._1 

i 

CUMULATIVE 
OPERATING TIME 

(4) 

in ^i)d) ^ ,, ss -\l*o ( 

i) > iij>) o.sf 
7,)0 HiSd o-l° -;i*i 
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LOG NUMBER f: SYSTEM SERIAL NUMBER 

EQUIPMENT LOG FOR    MVi-TI JOWE*.    [TUl>V 
(Subsystem, Major Unit, Etc.) 

EQUIPMENT SERIAL NUMBER(S) ^' 

DESCRIBE OR REFERENCE TIME TYPE OP CUMULATIVE 
OPEAATINO, MAINTENANCE TEST AND OTHER PERTINENT INFORMATION HOURS OF OPERATION OPERATING TIME 

DATE AND SIGN EACH ENTRY OPERATION HakosV     ^Z LSi  
... (2) SMBBBI ON STANDBY ON 

i. Mui 

^1 \ /fU-r*. l^jXbiA. 

2,   CM*V 
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LOG NUMBER ^ 

EQUIPMENT LOG FOR 

_ SYSTEM SERIAL NUMBER 

Mt/t-P Tvuk*. ST(/£y  
(Subsystem, Major Unit, Etc) 

EQUIPMENT SERIAL NUMBER(S) -frfJt+M 
DESCRIBE OR REFERENCE 

OPERATING, MAINTENANCE TEST AND OTHER PERTINENT INFORMATION 
DATE AND SIGN EACH ENTRY 

(1) 

T'MJ TYPE OF        /                   CUMULATIVE 
.._.._-„. OPERATION                      OPERATING TIME HOURS OF (3)                                            (4) 

OPERATION      rt/umJ, rrr-* l—i  
(2) »I«OBT         ON           STANDBY                     ON 
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W.9 IIs /ro' ,5? Aj/ ni HSf 
ft ,9 //,/ /is- S7 ' tt.i na<> 
MS II   3 9o° so i < ,   yU 26 Jl 
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LOG NUMBER SYSTEM SERIAL NUMBER 

EQUIPMENT LOG FOR  MJLTI TOWER S71/QY 
(Subsystem, Major Unit, Etc) 

EQUIPMENT SERIAL NUMBER(S) &3&>Jj%. -h-L>% 

DESCRIBE OR REFERENCE 
OPERATING. MAINTENANCE TEST AND OTHER PERTINENT INFORMATION 

DATE AND SIGN EACH ENTRY 
(1) 

TIME 
AND 

HOURS OF 
OPERATION 

(2) 

TYPE OF 
OPERATION 
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OPERATING TIME 
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LOG NUMBER ^ SYSTEM SERIAL NUMBER 

EQUIPMENT LOG FOR  MIL TOw'^   Mil 
(Subsystem, Major Unit, Etc) 

EQUIPMENT SERIAL NUMBER(S) 

DESCRIBE OR REFERENCE 
OPERATING, MAINTENANCE TEST AND OTHER PERTINENT INFORMATION 

DATE AND SIGN EACH ENTRY 
(1) 

VEX wor 

HoftSfoF     |       «*«J»7IOM 

OPERATION      -jfgBB^ — 

CUMULATIVE 
OPERATING TIMS 
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LOG NUMBER SYSTEM SERIAL NUMBER 

EQUIPMENT LOG FOR ftvLTi ivy** j/v/y 
(Subsystem, Major Unit, Etc) 

EQUIPMENT SERIAL NUMBER(S) 

DESCRIBE OR REFERENCE 
OPERATING. MAINTENANCE TEST AND OTHER PERTINENT INFORMATION 

DATE AND SIGN EACH ENTRY 
(1) 

$j?tf£\/G    To^biZs     ciosr*   To   t>("   owe*. 

L k fit- 
(T)     fktHfrL *K8dl lt.Uv 
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CUMULATIVE 
OPERATING TIME <*) 

fa**M/ «L  /yf° WiL 

Mr   dL±u   /utd- 

(ZeJztJk cf    SKXJA   feu*-   ^L%)r Ail /   I/HMU\    LV- 

/ir° 



SECURITY CLASSIFICATION (THIS PAGE)   

LOG NUMBER ^ SYSTEM SERIAL NUMBER 

EQUIPMENT LOG FOR   HHJdi   TOtoW jWl 

11 

(Subsystem, Major Unit, Etc.) 

EQUIPMENT SERIAL NUMBER(S) •^/(^/^puc-^jtx^ i., 

1 TIMJ ' TYPE Or 
„«.~P— OPERATION HOURS OF (3) 

1 
CUMULATIVE 

OPERATING TIMS 

OPERATION       *t«ltoay"   otJ   '' ^  
- inmi ON STANDBY ON 

DESCRIBE OR REFERENCE 
OPERATING. MAINTENANCE TEST AND OTHER PERTINENT INFORMATION 

DATE AND SIGN EACH ENTRY 
„    <u _ 
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AWU. ^/ ^ft~v ejl £ PA   U: 
CJYC (A / -a- 

i            t 

i          i 

(9°      HX. -L H.2 P.? il.3£ •J     '   ; 
HSD     so. 1 II. 1 %0 Hi/ I.H\             I        . 
fy °    w. r II. 1 HI A 3vr I.ol 

/3T°        H%5 'hi ns IX fo 0t%~>.    ^v 

l*o°      ifi,9 loJ ttl 2l.il 0,16     ,i 
llf     49. i 10J % I frit 1,02     nyr ; 
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LOG NUMBER SYSTEM SERIAL NUMBER 

EQUIPMENT LOG FOR 
(Subsystem, Major Unit, Etc) 

EQUIPMENT SERIAL NUMBER(S) An^Uu 
DESCRIBE OR REFERENCE 

OPERATING. MAINTENANCE TUT AND OTHER PERTINENT INFORMATION 
DATE AND SIGN EACH ENTRY 

(1) 
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LOG NUMBER SYSTEM SERIAL NUMBER 

EQUIPMENT LOG FOR       MLTI-T**(tf.   JTO^Y 
(Subsystem, Major Unit, Etc.) 

EQUIPMENT SERIAL NUMBER(S) ~& y^Hh-b^^ 

DESCRIBE OR REFERENCE 
OPERATING, MAINTENANCE TEST AND OTHER PERTINENT INFORMATION 

DATE AND SIGN EACH ENTBY 
(1) 

TIME       i       n«oF     I 
OPERATION     I 
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OPERATION 

(2) 
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LOG NUMBER ^ SYSTEM SERIAL NUMBER 

EQUIPMENT LOG FOR     MMJdL Totfbrt S7V£ V 
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(Subsystem, Major Unit, Etc) 

EQUIPMENT SERIAL NUMBER(S) ArfjwJ^ 
DESCRIBE OR REFERENCE 

OPERATING. MAINTENANCE TEST AND OTHER PERTINENT INFORMATION 
DATE AND SIGN EACH ENTRY 

(1) 

TIME 
AND 

HOURS OF 
OPERATION 

(2) 

TYPE OF 
OPERATION 

(3) 
STMMY        ON" 

CUMULATIVE 
OPERATING TIME 
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LOG NUMBER £1 SYSTEM SERIAL NUMBER 

EQUIPMENT LOG FOR      Bj/IZL' TOWl-A S£V£JL 
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(Subsystem, Major Unit, Etc.) 

EQUIPMENT SERIAL NUMBER(S) -j^jgggA 
DESCRIBE OR  REFERENCE 

OPERATING. MAINTENANCE TEST AND OTHER PERTINENT INFORMATION 
DATE AND SIGN EACH ENTRY 
 (I) 

| TIME TYPE OF 
1       HoSSSo, OPTION 

OPERATION ,-jfagj^ — 
(8) / j 

CUMULATIVE 
OPERATING TIME 

^-2^7^       C/>ooi>yf  tr-sr'fj    k-t/tty j , 

£MAT//S6   *r   q.CfllnJl*     ?:oo re /r>9& 
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yjuyL   o+J-opy-J. 

il^'     Wtd      tt<2*v       HrdL    &vJ,    fot^.-fU 

K&t^rv<a.   <yxsw-i(    ,    (J? ILPSM      (1\4AJJU. *f 
(_ <^** ^ U.   iU k fp, 7. /-i /^ ^ 

/Sf°       mitt-     ia¥ m \%<u #cJc -.    .7-*i 
(cPvyusy., /w:tt   ihk, fy/f ft* /JO") 

JMI+C"*-   fha.uwnjjj^jis 1       I 

/.      At<Lt    ht-t&ww     Cj/itto*JLuI   /imLS   ,     0\ii<itovLy*yC»   f>.   ,/(A>yt<v~< £/  (t^( 
£ <W •> (UM /4+Ju-kiL   ?A4   jf/dk, s^im, *< 

VotfMC 4T fa?',    jity/f 

{Wfbfafi- c^tvr   2-HtKV 

7f°      ! 
for0 

2rr> 

/65" 

nvffr 

/7 

tl 
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LOG NUMBER SYSTEM SERIAL NUMBER 

EQUIPMENT LOG FOR kOj£j -Tout*   $70* V 
(Subsystem, Major Unit, Etc.) 

EQUIPMENT SERIAL NUMBER(S) "   C U. JZ^l+Jst*^  

DESCRIBE OR REFERENCE 
OPERATING. MAINTENANCE TEST AND OTHER PERTINENT INFORMATION 

DATE AND SIGN EACH ENTRY 

•:-   I 

(1) 

TIME 
AND 

HOURS OP 
OPERATION        ttmtkm    —~^    ' (2) '"7•  '    °yN 

TYPE OF 
OPERATION JsL 

CUMULATIVE 
OPERATING TIME 

STANDBY 

//-iWf c**r\t • • 

fifPi/cmf/MMiufirHia/T   POAI   t//fr//fi f6£.oitfi'S& £oP .    f/*/ /^f/jr 
H 1,1,6 Wi*6Tti  56Jit | ~fy 

I 
Cu (W 1*7    leriSfofyrt.   #Mt/£r/«tST ,   l-ACH    #+J)/A u      o/lf tf  [ 

,<W    7/       $ MO1    TO   gjW\    ;JfVf/f 
.?<*/   T%      V°tfut Off e*ntL ! no"   v. 3Sr^//p 

7 4*0 *   • 21 V<lr\ 

MKASufi-c   Voiron   / CMttyr btf tfopn] 

CutMAST    i/t/ro   tjy/ :      £0*./ 

RA'IA-L • IS0 

K° 
IT0 

105° 
W 
dop 

UmtC <f Ctw0t»   POP 

E > So\f,JY 

& \tt\e 

» 

T-   l*y\ 

i 

! 

0»M 
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LOG NUMBER SYSTEM SERIAL NUMBER 

EQUIPMENT LOG FOR      M(/LTI~TcWVX fTl/J^Y 
(Subsystem, Major Unit, Etc.) 

EQUIPMENT SERIAL NUMBER(S) -4(m^M.  
DESCRIBE OR REFERENCE 

OPERATING, MAINTENANCE TEST AND OTHER PERTINENT INFORMATION 
DATE AND SIGN EACH ENTRY 

(1) 

M'lo-ns 50-6o"F      tL£*«     CAM 

- an ras-i 
TIME 
AND 

HOUR* OF 
OPERATION 

(2) 

TYPE OF 
OPERATION 

mam ) 

CUMULATIVE 
OPERATING TIME 

(4) 
ON 

4 

_(4)_ 

M   -  RfPAiQ   Of     Tup  LOflOIHt 
LOAfiftC    A\S£fr&Vi     WHICH    hAS 

AU £*8LIES 

STANDBY    I 

frSXifrT'W   oA   OMc 7&P\ 

u 

9 
10 
II 
IS 

4 
G 

9 

10 

V     A       X,     C/L 

A/1 

cf 

$00o 
SOoo 
Sooo 

50& 
0 
0 
0 

2foo 
3 HOC 
LflOO 

5-000 

woo 

27oo 
ioso 

Lf(,60 

/<* 
ISO0 

4X0 0 

/n 
z/.r 

-t'Slf 

-,'/aS 

tyro 
rj'ito 

c 
c 
c 
6 
c 
L 

L 

0 
•0 (ro\ 7 2tt>- 

c loopy    Cfi-tM 

$000     50oo 

0UT 

5,2 

IS 

!l+ 
11 

IC2 

fj/r 

tj2H 
tfioo 

f/tffoi./*TlD 
C 
c 
c 
c 
c 
i- 

l~ 

L 

Moisi - f* 
V? - 

K 

'0 
•J 

29 r 

?'0€*H\ j 

1 
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LOG NUMBER SYSTEM SERIAL NUMBER 

EQUIPMENT LOG FOR MULTI jcn'm Jr(//y 
(Subsystem, Major Unit, Etc.) 

EQUIPMENT SERIAL NUMBER(S) 46'QMJL^ 

DESCRIBE OR REFERENCE 
OPERATING, MAINTENANCE TEST AND OTHER PERTINENT INFORMATION 

DATE AND SIGN EACH ENTRY 
(1) 

V!f!! TYPE OF 
HO^OF OMfgTION 

OPERATION HMfct, 
(2) j 

CUMULATIVE 
OPERATING TIMS 

ON 
J 

STANDBY 

^(llfiO/l/rijuUtp 

B>7tffSiQf/ of fipvit   R/t/te y,irn    looff (APKIM   fML*Utu*l Air/fr*-* 

f       Ji/l'l, L 

it-*! 

16 
It 

2 0 

if 
;f 
So 

5Coo 
sooo 
50oo 

r&o 

y 

33oo 
2/90 

3,000 

3^° 

moo 
Lf]00 

0 

1.1 
O 
.L 
A 
0 
o 
0 

V; 

-JIOC 

-j&ir 
-f/oo 
i/tr 
-fd 
I17 

1* 

X t  (uU^L 

C 
C 

c 

CAP OJVM 

(Af +A»J 
CAf o/i/iy 
CAf S4vT 

CAf+A/»ri   A'*** 
CAP oML^t podfl. 

X- AAL    TyfL'   C
H6A     l^ff^crfu/v /AA.ttv'Ai»\     ''£•   7   f*£ /-"*<+01*s: 
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SECURITY CLASSIFICATION (THIS PAGE)  

LOG NUMBER L SYSTEM SERIAL NUMBER 

EQUIPMENT LOG FOR        Ml/LTI Jl^L*   fyy/y 
(Subsystem, Major Unit, Etc) 

EQUIPMENT SERIAL NUMBER(S) - ^£2i£g£4  

DESCRIBE OR REFERENCE YH£ TYPE OF CUMULATIVE 
OPERATING. MAINTENANCE TEST AND OTHER PERTINENT INFORMATION HOURS OF OPERATION OPERATING TIME 

DATE AND SIGN EACH ENTRY OPERATION      Utfn&i      o5        ... (2) »l«m<OI ON STANDBY ON 

5-2-7 r $A\/tlN'C ; 

CHW&    CAU$/?AJIVN    OF     0HLM)MB    gfiS.Atfrrt A7   20^^0MH^ 

TO   f&fSRLS    E\foi>i/THTT   HM/IOMIC    Af£~AJb£rA*t"rj.    </JfD 
C/UilSfajtp      SHJU    7~4Kr£.    0£c/U6Sn,fe 

yon   \fiiutr Pft\ frkTtrt. fetei/frcy 

2,7 /Oo^v /0. 
2,C (00 ^ zD j 
2.7 IOC   *// 30 
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SECURITY CLASSIFICATION (THIS PAGE)  

LOG NUMBER t SYSTEM SERIAL NUMBER  

EQUIPMENT LOG FOR    MVLTl   I °^  J2H1 

EQUIPMENT SERIAL NUMBER(S) 

(Subsystem, Major Unit, Etc) ^- 

  40^M 
DESCRIBE OR REFERENCE •*J TYPE OF CUMULATIVE 

OPERATING. MAINTENANCE TEST AND OTHER PERTINENT INFORMATION HOURS OF OPERATION OP ER ATI NO TIME 
DATE AND SIGN EACH ENTRY i    OPERATION     tfiUtosV      ON        

(1) <2) —7-    j     T STANDBY 
K 

/ f        • ',       ; 

V/lfil    9/ A #6      &/>S!AU.     SO   ttorftlS       'fWc *'£& /J frff   To 
iLLP/<*&,      JAPWCe Jt£SJv/frMi'«n-   Of' SUsvf /"&> 4>//>* TMA/A 
£op   TOP    fA/SuiArtf       fib/>   tfon-tM   epou/fJetii 
S      NULL     Y      (L+.   k£     £/j^ ; -dltff^L 

*+ 5*000      2U0     yj     -j'S9f      c '• j 
£ 5000      30f0     j f     -jiij      1 SAM** & • 
2        fooo     34S0    fit    -Jm ;        W^leM'+torsriis 
7 5~00O       LfiQQ       Cff2       -PjloO \ ^*\ 

10 rood      yttd   IQ.O     A'f$ \ C\~  5wj 
11 fooo     row    a1     J

0      c XL*+jqiS+j'K'*fihlr 
15           0        llio    HI      h'lor     L        f     L*  IMMH 
IS       0      3jro 10,1    *f in   L    . , ; 
10 S0O0 3V00       o -i)0       C        Job?? CAfO^W      I+AVOO' 

25"        ^000      fgco      03    -[126     C      \*/7&   Qfoh/iy  I Jl60?\ 
If     fOOO liOO       0       -/-/y-f     C       [toff C/iP^MT   / j 
27    iroco       iqso      0    -y//3     C    , w? o%>zy   VtfM 
17       5ooo 1-12 0      0    -.'III      C      ; f'w (/*(*+/>" f[   \ 
lo       rooo       KOO      0     Jt<il      Q       ipfe  cjSoM   \ *)*ln ; 
JO 500O 20 0 0 O       y'lOO      (_        \*f)Pf t A"T '</ 

,        1    j   1       ! 
#V£r ^raiu' if #etw<? [j CAP \i     , i 1 

VY " -X4 [ ^ "^ V€ (vryj j ^ ^ i/ ^    <T44T'VA'MT/CA|/ 
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LOG NUMBER SYSTEM SERIAL NUMBER 

EQUIPMENT LOG FOR   JjMlL WtlMEJlHHl 
(Subsystem, Major Unit, Etc.) 

EQUIPMENT SERIAL NUMBER(S) 'fyrffotd-*—^. 

DESCRIBE OR REFERENCE 
OPERATING, MAINTENANCE TEST AND OTHER PERTINENT INFORMATION 

DATE AND SIGN EACH ENTRY 
(1) 

TEST foe WISP  wn» 

£      ttUrL y 

i 
G 

8 
9 

10 
II 

13 
IS 
It 
II 
I2, 
13 

1$ 
IF 
11 
17 
30 
10 

SOoo 
Sooo 
fOOO 
tfOoQ 
fOtO 
tfQOO 

0 
o 

fOoo 

rooo 

•SOoo 
fOOO 
£000 
5~ooo 
<fOO<J> 

fOOO 

USD 

4100 
^62.0 

f20 
Zdo 

llfiO 

/no 
1300 
i<is° 
iuo 
l/oo 
lOOd 

$M*   Of  #61)      l/viULAtklD .      fcbi)  IS 

-0, 

7.9 
iJ 
M 
90 

lu.0 
ll, 0 
1+r 
lo. o 

0 
i.i 
0 
.4 

03 
0 
O 
0 
o 
0 

TIME 
AND 

HOUR* OF 
OPERATION 

(2) 

TYPE OF 
OPERATION 

*Wt   I     C 

CUMULATIVE 
OPERATING TIME 
 i£>  

STANDBY 

•"T 

4du> k^ 

y -k cL 

/ovffc+fY*Li\ 

/o°j[f erf dr<jv 

i i ' 
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LOG NUMBER SYSTEM SERIAL NUMBER 

EQUIPMENT LOG FOR Mo/sTi TcWiC  fjoAil 
(Subsystem, Major Unit, Etc.) 

EQUIPMENT SERIAL NUMBER(S) ^^u;t 

DESCRIBE OR REFERENCE 
OPERATING, MAINTENANCE TEST AND OTHER PERTINENT INFORMATION 

DATE AND SIGN EACH ENTRY 
(1) 

TIME 
AND 

HOURS OF 
OPERATION 

(Z) 

TYPE OF        . 
OPERATION     | 

STANDBY •->" 

5--6-7S i Ovj> y ro~6.r T 
ON 

CUMULATIVE 
OPERATING TIME 
 ill  

STANDBY 

ftlir  lA'TtAS/ry    of    ty rov/trn ,4KKAyf   TOP /*»   '^OTT^M   ^OLAT\V 

0° 

% 

no 

270 
vr 

I if 
IBS 
tor 

4>r,o 
W 

til 

His 

113 
II. 3 
//,.* 
11.5 
ItS 
IO 
f/J 
IIJ 

uS 
ns 
us 

loo 

loo 

V)0 

300 

Qtt, 0 

fo.l 
ill 

nc 
vs 

3 ksr 
VAL 
V ft 
vnt 

Hoy 

3q?o 
zhr 

/jr      $f.o     //.oHOY z.c° 
lir      s^°    n<ow ire 
I &         htft0      r/'°~*W 3,00 

c5® 

77,1 74 5 z 

1U 1W 

HWmwc /uvfrjWc/ut'-rr /IT    li^'n fin?. 

nr SOS 

iSwiS 

260   M.S&p 1% rV 

ICO     Mj zii/V 

^7 i 

<"! 
.13 

'Sf; 

*'\ 

tri , 

'S7\ 

1*9 \ 

a 
lo\ 

fc<i\r~ £» 

n\ J, 

l        ! 
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LOG NUMBER 
<; 

SYSTEM SERIAL NUMBER 

EQUIPMENT LOG FOR Mi/ui TCWIG J/flvy 
(Subsystem, Major Unit, Etc) 

^/;.^_ 

CUMULATIVE 
OPERATING TIM! 

EQUIPMENT SERIAL NUMBER(S)  

DESCRIBE OR REFERENCE TIME | TYPE OP 
OPERATING, MAINTENANCE TEST AND OTHER PERTINENT INFORMATION HOURS OF OPERATION 

DATE AND SIGN EACH ENTRY OPERAT.ON   , t^3' ,    sTANp||Y 

^-7-7T WfitM     fC'A/i'i       CUM 
t /' | '      • ' 

i , i 

/T 4/ M J'CW     AT      fctfl/to t-h        ft • CO 

i      i    :  ; 

ItffsJ   \loiftft   WITH fl/iftj   }/tfn>r /Kf^s 

ON 

/»• 

vS\f WtVUK1-     / <• -/«. » rKV 

TV    tffrt   dsc /l to J <r^A 
i 

JMC       lc\\ A/ *ti6tlL       loll 
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LOG NUMBER SYSTEM SERIAL NUMBER 

EQUIPMENT LOG FOR    t^Ei VMj&    W 
(Subsystem, Major Unit, Etc.) 

EQUIPMENT SERIAL NUMBER(S) ^IAJC 

DESCRIBE OR REFERENCE 
OPERATING, MAINTENANCE TEST AND OTHER PERTINENT INFORMATION 

DATE AND SIGN EACH ENTRY 
(1) 

TIME 
AND 

HOURS OF 
OPERATION 

(Z) 

TYPE OF 
OPERATION 

L3> warn 
CUMULATIVE 

1NG TIME 

T- *-7<T ty*fin   /Wy (WM T 
ON 

— m 
STANDBY 

f 

C 

9 
10 
II 
/2 
I* 
It 
20 

is 
IT 
2r 
IX 

11 

?o 
10 

o 
o 
o 
o 
<ooo 

3*T0 Q. 6 
toso u 
£/<Too 2,0 

vm1 2 f 

tlO 4,2. 
HO 

hsco 
?2t>o 

IJCO 

C 

IfOO 

IKoo 

WOO      if Cf00 

Y, 

-JIM 

cl L 

c 

I 

iLO 

/s'.r   Alto 

o i* >/* -J72 
-J/SL tuc/0 

-/ZOO   J 

c 
L 

o C 

fs_< fej us 

~]ISY   J 

0 -{to Hf^r 

tOOff- (/*•/?   0/1/ £f 

/OOpfCAf fAvr 

<f)ff fA*T 

-n 

><./ 
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LOG NUMBER SYSTEM SERIAL NUMBER 

EQUIPMENT LOG FOR       M VL Tt To ^tt    SjVjj Y 
(Subsystem, Major Unit, Etc) 

EQUIPMENT SERIAL NUMBER(S) *7 tj.(/Xi-rUl. 

DESCRIBE OR REFERENCE 
OPERATING. MAINTENANCE TEST AND OTHER PERTINENT INFORMATION 

DATE AND SIGN EACH ENTKY 
(1) 

TYPE OF TIME 
..« *i?P ~- OPERATION HOURS OF ( 3 \ 

OPERATION I ^±L 

(2) TOW 

CUMULATIVE 
OPERATING TIME 

(4) 

-.^- 
I   i    ON    i 

-K4 

j  ^u y 3    KA LU 

M 0 hoc 
11 0 /no 
ll 0 3/0d 
11 0 qioo 
10 0 4<joo 
ll $00o yloo 

li UoO 
W }CoO 

21 3/o0 
10 into 

U ft dO 31 so 
ll <,0oo hso 
21 <>'000 too 
30 Svoo /9c^ 
3 0 5Coo /tco 
So Cos loth 

y& )~0<\J /rro 
32- 750 
1 2. 0 
2T Ifoo 
ir lloO 
<id 10 0 0 

Ho 1100 
Hi* > IfoO 
Hlf f 00 i> Lfu<>d 

7 
0 
IS 

0 
O- 
0 
o 
0 
o 
V 

0 

0 
0 
0 
a 
o 
o 
D 

7 /Ol 
+ IVI 

+ ll\ 
-tin** 
~  77 
- 101 
- 5* 

- ¥/ 
~ Co 
~ /?o 

-IO 

-no 

~IT 
-M 
~/r< 
-M 
-In 
-If 

-v 

c 
L 
L 

L 
/- 

C 

C 
c 
C 
C 
C 

< 
c 
c 

c 

*c 

A'* 

i 
i 

*) 
VfY 

1-'7I/ 

i 

| 

i 

4^M^<S 

tlfk CAP- 

i   llffW 

:      Uttf   j 

i 
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LOG NUMBER SYSTEM SERIAL NUMBER 

EQUIPMENT LOG FOR    MVL-TI flk&Z [ZHJLL 
(Subsystem, Major Unit, Etc.) 

EQUIPMENT SERIAL NUMBER(S) ^Z&btJ* 
DESCRIBE OR REFERENCE 

OPERATING. MAINTENANCE TE8T AND OTHER PERTINENT INFORMATION 
DATE AND SIGN EACH ENTBY 

T 
(i) 

TIME 
AND 

HOUR* OF     I 
OPERATION        HttplV 

K-I2- IS Wfift tL&R ,   WM 

TYPE OF 
OPERATION 

CUMULATIVE 
OPERATING TIME 
 i£>  

(2) __.„U~' o-H 
°N    i      STANDBY   I ON 

-=...... L~ 

BOTTOM CF   ROO 

J   ^li     )L 

4 
& 

$ 
7 
lo 
II 
12 
/¥ 
16 
// 
20 
11 
If 
2f 
2$ 
12 
jo 
20 
u 
3l 
3y 

H 

\i 

50oo 
5ooo 
b~ooo 

$ooo 
Sooo 

Q 
0 
0 
o 
o 
0 

Sooo 

£ooo 
SOoo 
5000 

Soco 

StoJ 
fo*o 
500o 
fooo 
SOoo 

sow 

two 

mco 

20 
150 
5® 

td SO 
flfd 
ItlD 

3 too 
LHOO 

/?yo 
0 

lioo 

iHOo 

1100 
itfd 

UJfrLW 

0,10 
o,ts 
I.5 
a 
10 

no 
0 

o 
0 
0 
l,L 
0 
C 
0 
0 
C 
G 
C 
0 

Vt       c/i 

-j/sr 

In 

t At* 
r;«0 
//St 

/nil 
r/ffl 
e, • -•> 

J 'W 

-)'ll* 

•X't P 

wrf 

c 
c 
c 
c 
L 
L 
L 
L 
L- 

L 

L 
L 
c 
C 
C 
c 
c 
C 
c 

L 
C 
c 

C 
c 
c 
c 

1//MA-    l/vfyl-J tio//  TOP MJ> 
I 
t 

I 

JM   J     \0^r> 

\ - i%»,J      \ 

!    X- >pyn \. 

iaorf (,+r 

fyfOtftMr    j 

njwt"*    r i      ; 

1       I 
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LOG NUMBER 2. SYSTEM SERIAL NUMBER 

EQUIPMENT LOG FOR Muni TMtfi STMl 
(Subsystem, Major Unit, Etc) 

EQUIPMENT SERIAL NUMBER(S) frffrJhJiu 

DESCRIBE OR REFERENCE 
OPERATING, MAINTENANCE TEST AND OTHER PERTINENT INFORMATION 

DATE AND SIGN EACH ENTRY 
(1) 

$w2~7.f Ih^t tsyvH-i i/ 

TIME 
AND 

HOURS OF 
OPERATION 

(2) 

CUMULATIVE 
OPERATING TIME 

TYPE OF        I 
OPERATION      , OPERATING 

ITMlpiT        ON STANDBY   , 

3r 

ii 
n 
ft 

t 

hiu i,i 
ZCcC 

gooo 

3? 

Ho 

HO 

If 
K 
1(1 
11   Son 

1l rO 

mo 

I HO 
IICO 
mo 
UoO 
Itoo 
ZOOo 
If CO 
LfoO 

2jo0 

/? 

o 
0 

0 
0 
0 
0 
0 

yy 

4 tt 

-72 £ 

J/Sf 

Mi 
-in 
V2 c 

-j>t(0 

7ft-t»"r) 
f«\ m 

2 7ffCt-r j        | 

I WF (^ 

2: rrrrf 

r, er r/»/j 
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LOG NUMBER SYSTEM SERIAL NUMBER 

EQUIPMENT LOG FOR    I^MLl^M.     ST0^ 
(Subsystem, Major Unit, Etc.) 

EQUIPMENT SERIAL NUMBER(S) •4 ,^Wv- 
DESCRIBE OR REFERENCE 

OPERATING, MAINTENANCE TEST AND OTHER PERTINENT INFORMATION 
DATE AND SIGN EACH ENTRT 

r 
en 

TIME 
AND 

HOURS OP 
OPERATION 

(2) 

Tf —- 
TYPE OP CUMULATIVE 

5*-/?-7.r WMM  Co-if   (uvtl   CAhA 

SEfMtfiTtf   ffio/y //c&in,   mtJUfT   P'&t»   fyitfT  0>\ Hm   2 Peer, 
UTAI-   piAMFTkX    Of   9 rz>w& ci/2cLr  /f 

f A/i'ui, Y R„_ >,' eft, 

4 fooo */fa> n -jji c 
ID 0 14 ?.t n,C ^ 
II o (90 hi 417 *- Y 

c 

(ft i for 
Jbrrtrffif vtftr/n<y& acsza y-p(A   ij ^v   bo'. 

OPERATION OPERATING TIME 

ON 
) 

KM 

p,r)(jt\(6.r){fij = 

tfojp.   H-M 

22 Ar 

c. - lto\^i.i\ . C6.Z 

10 
i' 
H 
If 
a 
to 
it 

$DOG woo d,i -j/yo 
food tsso 0,6 -flf 
000 tj'100 1,3 _r.3o* 

food ittO p -j/9 
Woo dfwd lo j Z 
0 Iff 9,f Hf/3 
0 zrf V mi 
0 1Tb £.0 rW 
0 \loo 7/ r

J'tl 

woo uS fjr? 
0 

c 
c 
c 
c 
c 
L 
L 

L 

J& to z 
V, -, iu 

-) 

I6\ 

II 

u , ei-t »iy   L* f.u^J 

c\rt7«f 
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LOG NUMBER 

EQUIPMENT LOG FOR 

SYSTEM SERIAL NUMBER 

MVITI Tc»'t£ ffc'j?y 
(Subayatem, Major Unit, Etc) 

EQUIPMENT SERIAL NUMBER(S) 4^^L 
DESCRIBE OR REFERENCE 

OPERATING. MAINTENANCE TEST AND OTHER PERTINENT INFORMATION 
DATE AND SIGN EACH ENTBT 

(1) 

5//?/7f      SMI, Mto   -7fc'F , Ui* 

f{AplAj)N<f    AT  9 99* MH*    MM 

IsOCA-Tltil/    Of     MTLtflf* (f> 

St 
to ^M -4*" 

#° 

AtWPt    us    Tw      d 

4 

0° m ii *W loo 9o.l 
*ts° KB <?c\6 
90° tf#j c/oJ 

J3C* H.tti53 kre 
fto" if9t> ( 9f-o 
nr° ^,2. 9/. 2 
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Figure 1.   Present Single-Tower Antenna, Elevation View 
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Figure 2.   400-foot, 4-Tower Antenna Array 
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Figure 6.   Photograph of Insulator Bushing 
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Figure 24.   Field Intensity Pattern, Single 4-ft Tower, Configuration 10 
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Field Intensity Pattern, Two-Tower Array, Configuration 13 
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Figure 26.   Field Intensity Pattern, Two-Tower Array, Configuration 14 
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Figure 27.   Field Intensity Pattern, Two-Tower Array, Configuration 15 

1B0» 
110° 

160" 
200 

170" 
iao° 

180° 
180° 

190° 
170° 

200° 
160° 

210° 
190° 



Field Intensity Pattern, Four-Tower Array, Configuration 21 
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Field Intensity Pattern, Four-Tower Array, Configuration 22 
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Field Intensity Pattern, Four-Tower Array, Configuration 23 
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Figure 31.   Field Intensity Pattern, Four-Tower Array, Configuration 29 
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Figure 32.   Field Intensity Pattern, Four-Tower Array, (1.5-foot) Configuration 31 
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Figure 33.   Induced Voltage and Current Measurements, Three-Tower Antenna Array 
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Figure 34.   Two-Tower Array, Configuration 15, Top View 
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Figure 35.   Four-Tower Array, Configurations 29 and 32, Top View 
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Figure 36.   Antenna Tuning, Schematic Diagram 
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