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THE PRIME CONTRACTOR'S ROLE IN PROJECT MANAGEMENT 
R. W. RICHARDS AND j. DONOVAN* 

INTRODUCTION 
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* Mr Richards is U.K. Project Manager anr' 
Mr Donovan is Australian Project Manager, 
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RICHARDS d DONOVAN - Prime Contractors Role 
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Fig. 2 - Simplified Liaison-Path Diagram of Project Organisation 
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Satellite Ground Station at Ceduna. 
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Fig. 1. - Radio Rack Equipment: (a) SPO-5504 Equipment; (b) and (c) Prototype Equipment (one transceiver and one div­ 
ersity rack). 
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EQUIPMENT TYPE SPO-5504B. 
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Fig. 2. - Receiver Unit: (a) SPO-5504 Equipment. (Dimensions 55 5/8 x 53/a x 7¾ in; Weight 47 lbs). (b) Prototype Equip­ 
ment. (Dimensions 24½ x 8 x 6 in; Weight 34 lbs). (c) Replacement of the Receiver Unit. 
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Fig. 3. - Prototype Transmitter Unit (Dimensions 28½ x 8 x 
10½ in; Weight 40 lbs). 
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Fig. 8. - Noise Factor Variation. Curve a - SPO-5504 receiver unit; Curve b - 
East-west prototype· receiver unit. 
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Fig. ·3: Block Diagram of a Diversity Reception System. 
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Fig. 5: System Noise Performance. 

BASIC NOISE 

MM 

t 
"' .,, 
c 

~ cp Mc 
cp 
\!! 
Ii' 
Z bCQ I LI Tn O Jc <&n&+ £ & 
c + 

tb Z 
it1 
--'1 
~I 
Eas 
31 ¥ · ± sRj . <: C 

j c ~1 2438 kHz 
~I 
~I 
;:!:I 
"'I 

I 
O 

0 mM msc msl msM mRc 

}·%©8& 8©W /UK YK6K·� KY} WK&·� KY 8© ·©/KY! KW·8/KnzYK_• K©6\ 
}·%©8& ·© 866§YW8©6K Z·/U SSO] YK6§! ! K©W8t·§©}C 8©W 8YK 
}• ·/8"&K z§Y /UK /Y8©}! ·}}·§© §z gcc /K&K>U§©K 6U8©©K&} 
§Y /K&K� ·}·§© /§ U·%Un_• 8&·/\ /Y8©}! ·}}·§© }/8©W8YW}t 

( Z§ /Y8©}! ·//KY} 8©W /Z§ YK6K·� KY} 8YK 866§! ! §W8/KW 
Z·/U·© 8 ) x }/8©W8YW T/\ >K MsT Y86< zY8! KZ§Y< hN·%t gPE 
/UYKK W·� KY}·/\ YK6K·� KY} 8YK 8&}§ 866§! ! §W8/KW Z·/U·© 8 
}·©%&K zY8! KZ§Y<t ( UK /Y8©}! ·//KY} 8©W YK6K·� KY} 8YK 6§©­ 
}/Y• 6/KW 8} ! §W• &K} hN·%t JP YK/8·©KW ·© /UK Y86< zY8! K­ 
Z§Y< "\ z§• Y }6YKZ} 8©W 8©\ ! §W• &K 68© "K YK8W·&\ YK­ 
! §� KW Z·/U§• / ·©/KYY• >/·©% /UK §>KY8/·§© §z /UK §/UKY 
! §W• &K} ·© /UK Y86<t ( UK Y86< 8&}§ 866§! ! §W8/K} /UK 
>§ZKY }• >>&·K}C 8©W >8}}·� K • ©·/} h}• 6U 8} /UK ! ·6Y§Z8� K 
6U8©©K& z·&/KY} 8©W ! • &/·>&K*·©% 6·Y6• &8/§Y} 8©W ·}§&8/§Y}PC 

A&& ) : N ·©/KY6§©©K6/·§©} 8YK ! 8WK � ·8 Mc §U! T/\ >K 
3 T 6§8*·8& 6§©©K6/§Y}E ON ·©/KY6§©©K6/·§©} • }K JM §U! 
I 3 S 6§©©K6/§Y}t 

RF Multiplexing. 

Antenna-feeder Terminations, - ) > /§ }·* "·nW·YK6/T§©­ 
8& Y8W·§ 6U8©©K&} 68© "K K_• ·>>KW ·© /UK sty n Rtl , : + 
zYK_• K©6\ "8©W • }·©% /Z§ ! §©§>§&8Y 8©/K©©8Kt N·%t . 
·&&• }/Y8/K} W·8%Y8! ! 8/·68&&\ /UK 8©/K©©8nzKKWKY /KY! ·©8­ 
/·§© 8YY8©%K! K©/}t ( § §"/8·© /UK "K}/ >§}}·"&K zKKWKY 
/KY! ·©8/·§©C /UK 8©/K©©8 6·Y6• &8/§Y AS ·} 6§©©K6/KW W·Y­ 
K6/&\ /§ /UK zKKWKY 6§8*·8&n/§nK&&·>/·68& Z8� K%• ·WK /Y8©}·­ 
/·§© "\ 8 &8Y%K W·8! K/KY - OA 6§8*·8& }§6<K/ ! §• ©/KW 
8"§� K /UK K_• ·>! K©/ Y86<} 8©W zKW "\ }K! ·nY·%·W 6§8*·8& 
&·©Kt ( UK 6§! "·©KW §• />• /} §z • > /§ /UYKK /Y8©}! ·//KY} 
§>KY8/·©% ·© §©KnU8&z §z /UK zYK_• K©6\ "8©W >8}} � ·8 /UK 
·}§&8/§Y 8©W 8©/K©©8 6·Y6• &8/§Y /§ /UK 8©/K©©8 zKKWKYt 
HY A,MSON et al ~ Equipment Design A,nd Developme,nt 

( UK 6§! >§}·/K YK6K·� KW }·%©8&} >8}} � ·8 /UK }8! K 8©/K©©8 
6·Y6• &8/§Y 8©W 8 }K6§©W ·}§&8/§Y /§ zKKW • > /§ /UYKK YK­ 
6K·� KY} §>KY8/·©% ·© /UK §/UKY U8&z §z /UK "8©Wt 

Fig. 6: 2-GHz Radio Racks with Covers Removed. The left­ 
hand rack houses duplicated transmitters and receivers; the 

right-hand rack houses up to three diversity receivers. 
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Fig. 7: Active Elements of a Complete Transmitter (left) and Receiver (right:). 
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Fig. 9: Transmitter Multiplexing (Left) and Receiver Multiplexing (Right), 
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Fig. 11: Typical Transmitter Amplitude (Top) and Group Delay {Bottom) Responses. 
{Horizontal sensitivity, 2 MHz/division; vertical sensitivity, 0.2 dB/division on top 

trace and 1 ns/division on bottom trace.) 
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Fig. 12: Block Diagram of a 2 GHz Receiver. 
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Fig. 13: Typical Receiver Amplitude (Top) and Group Delay (Bottom) Responses 
-Receiver in Amplitude Nonalimiting Condition. (Horizontal sensitivity, 2 MHz/ 
division; vertical sensitivity, 0.1 dB/division on top trace and 1 ns/division on 

bottom trace.) 
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Fig. 15: Typical IF Protection Switching Rack, Fully Equipped for a 1-for-7 System. 
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Fig. 16: Block Diagram of a Simplified 1-for-1 IF Protection Switching System. 
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Fig. 19: IF Switch: Simplified Circuit of One Switch and Fully Equipped 1-for-7 Transmit Switch Shelf. 
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Fig. 20: Simplified Circuit of the IF Monitor Hybrid. 
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Fig. 23: Duplicated Modulator and Pilot Receiver Equipment with Associated Interconnection Panel. 
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Fig. 24: Block Diagram of a Telephony Modulator. 
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Fig. 25: Telephony Pre-Empha.sis and De-Emphasis Characteristics. 
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Fig. 26: Simplified Circuit of Varactor Modula·tor and Relationship Between 
Ca.pacitanc~ Change and Applied Volta.ge. 
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Fig. 33: Block Diagram of a Sub-Baseband Modulated Oscillator. 
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Fig. 34: Simplified Diagram of a Sub-Baseband Phase Modulator. 
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Fig. 36: Frequency Response of the Sub-Baseband Modulator. 

Fig. 37: Complete Duplicated Sub-Baseband Modem. 
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Fig. 38: Block Diagram of a Typical Supervisory System with One Control Station and Two Remote Stations. 
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Fig. 39: Lamp-Display Unit Showing Plug-in Cards and Logic Elements. 
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Fig. 1. - Flat-Bed Truck. 
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Fig. 2. - Disposition of Plant During In-Station Testing. 

HUDSON - Installation and Commissioning 



NK"Y• 8Y\ C syJ s ( : - ( - Q- S9 5 5 ) 3 OSA( O9 3 b9 ) ] 3 AQ 9 N A) B( ] AQOA 57 

DAY 6 6 6 6 

4 I., 
IJ 

3 

4 

g s ¥¥¥¥ f,1li~,a,~1 
j::: R ~iili ';jfjp-~~£,'!fN'(J F·Pot. /¥&¥¥spz¥ if <r ••.. _ ... -- -···~· .. .,, ... _:,,,,._ .. ~ .... pC§CChToC n t• • • • t t · · nn • 

t; J ~ ¥·&z¥snn¥A¥ UpnMs/·T¥¥¥¥&Fzb 
·¥tU¥&/tt¥ ¥¥¥¥¥¥t 4 

R 

3 

4 

O©nB/8/·§© 
( K}/} 

O©/KYnB/8/·§© 
( K}/} 

5 §� K 
) ©·/} 

O©nB/8/·§© 
( K}/} 

O©/KYnB/8/·§© 
( K}/} 

5 §� K 
) ©·/} 

O©nB/8/·§© 
( K}/} 

Fig. 3. - Movement of the Five-Man Commissioning Team. 

/K8! Z8} 6&§}K&\ YK&8/KW /§ /UK 8� KY8%K 
&K©%/U §z 8 }Z·/6U·©% }K6/·§©C /UK /·! K 
8� 8·&8"&K z§Y /UK §� KY8&& 6§! ! ·}}·§©·©% 
§>KY8/·§©C 8©W 8 WK/8·&KW 8©8&\ }·} §z 
/UK Z§Y< 6§©/K©/t ( U·} }/8%K Z8} 
6§! >&K/KW ·© 8© 8� KY8%K §z z§• Y W8\ } 
>KY }·/K "\ 8 Mn! 8© /K8! 6§! >Y·}·©% 
§©K /K8! &K8WKY 8©W z§• Y /K8! ! K! n 

"KY}C 866§! ! §W8/KW ·© /UYKK 68Y8� 8©} 
hN·%t RPt 

O©n}/8/·§© /K}/·©% Z8} 68YY·KW §• / 
}·! • &/8©K§• }&\ "\ /UK /K8! ! K! "KY} 
8/ z§• Y 8W~86K©/ }/8/·§©} hN·%t l Pt O©/KY­ 
}/8/·§© /K}/} ZKYK z§&&§ZKW "\ 8 z§•Y­ 
U§> }• "n}K6/·§© /K}/ ZU·6U YK_• ·YKW 
/U8/ z·� K 8W~86K©/ }/8/·§©} ZKYK ! 8©©KW 

}·! • &/8©K§• }&\ t ( U·} Z8} 86U·K� KW 
"\ /UK /K8! &K8WKYC Z·/U 8>>Y§>Y·8/K 
/K}/ K_• ·>! K©/C YK/•Y©·©% /§ /UK &8}/ 
}/8/·§© §z /UK >YK� ·§• } z§• Yn}/8/·§© 
}K6/·§© /§ 6§! >&K/K /UK z·©8& ON %Y§• > 
WK&8\ C "8}K"8©W YK}>§©}KC 8©W ZU·/K­ 
©§·}K ! K8}• YK! K©/}t 5 §� ·©% 68! > 
Z8} 866§! >&·}UKW Z·/U·© 8 W8\ t 

Fig. 4. - Vehicles on Site. 

HUDSON - · I ©}/8&&8/·§© 8© W S§! ! ·}}·§©·©% 



M. ( : - ( - Q- S 9 5 5 ) 3 OS A( O9 3 b9 ) ] 3 AQ 9 N A) B( ] AQOA NK"Y• 8Y\ C syJ s 

( UK z§• Y/U 8©W z·©8& }/8%K 6§©}·}/KW 
§z /UK }\ }/K! &·©Kn• > 8©W /K}/t I 8}·­ 
68&&\ /U·} Z8} 866§! >&·}UKW "\ 8 z§•Y­ 
! 8© /K8! z§Y K86U Y§• /K }K6/·§©C /Z§ 
! K© "8}KW 8/ K86U 6§©/Y§& }/8/·§© 8©W 
/Z§ ! K© � ·}·/·©% /UK YK>K8/KY }/8/·§©} 
8>>Y§>Y·8/K /§ 8 >8Y/·6• &8Y 6§©//§& }/8­ 
/·§©t 

O© 8WW·/·§©C /UK}K /K8! } /K}/KW /UK 
8&8Y! } 8©W 6§©/Y§& z• ©6/·§©} zY§! K86U 
YK>K8/KY /§ ·/} 8}}§6·8/KW 6§©/Y§& 
}/8/·§© 8©W � ·6K � KY}8C 8} ZK&& 8} /UK 
8&8Y! } /UY§• %U /§ /UK }\ }/K! 6§©/Y§& 
}/8/·§©} 8/ 5 §• ©/ I §©\ /U§©C ©K8Y 
AWK&8·WKC 8©W 5 §• ©/ V§<·©KC ©K8Y 
7KY/Ut 

CONCLUSION. 

( U·} >8>KY U8} K! >U8}·}KW >&8©©·©% 
8}>K6/} 8©W ! 8\ U8� K %·� K© /UK ·! ­ 
>YK}}·§© /U8/ K� KY\ /U·©% §© /UK >Y§~K6/ 
ZK©/ >YK6·}K&\ 866§YW·©% /§ >&8©t 9 " ­ 
� ·§• }&\ C >Y§"&K! } 8Y§}K ZU·6U ! K8©/ 
/U8/ /UK ·©}/8&&8/·§© 8©W 6§! ! ·}}·§©·©% 
>&8© U8W /§ "K 8W8>/KW /§ }• ·/ /UK 
·! ! KW·8/K ©KKW}t 3 K� KY/UK&K}}C /UK 
§"~K6/·� K §z /UK >&8© Z8} 86U·K� KW 
� KY\ ! • 6U 8} §Y·%·©8&&\ 6§©6K·� KW 8©W 
/UK 6§! >&K/K gsn}/8/·§© }\ }/K! Z8} 
U8©WKW §� KY /§ /UK At7tct Z·/U·© K·%U/ 
! §©/U} §z 6§! ! K©6·©% /UK ·©}/8&&8/·§© 
8©W 6§! ! ·}}·§©·©% §z /UK Y8W·§ 8©W 
8}}§6·8/KW K_• ·>! K©/t 

N·©8&&\ ·/ ! • }/ ©§/ "K z§Y%§//K© /U8/ 
/UK }• 66K}}z• & K*K6• /·§© §z /U·} <·©W §z 
>Y§~K6/ ·} &8Y%K&\ WK>K©WK©/ §© /UK 
6§©/Y·"• /·§© ! 8WK /§ ·/ "\ K86U ! K! ­ 
"KY §z /UK /K8! t ( UK ~§" WK! 8©W} 
/U8/ }/8zz 8/ 8&& &K� K&} &·� K ·© • ©• }• 8& 
8©W }§! K/·! K} • ©>&K8}8©/ 6§©W·/·§©} 
8©W /U8/ /UK\ U8� K 8 � ·Y/• 8&&\ z• &&­ 
/·! K ·©� §&� K! K©/ ·© /UK·Y Z§Y<t 5 • 6U 
/UKYKz§YK WK>K©W} §© /UK _• 8&·/·K} 8©W 
K*>KY·K©6K §z /UK /K8! &K8WKY}C ZU§ 
U8W ©§/ §©&\ /§ 6§©/Y§& /UK >Y§%Y8! ! KC 
"• / U8W 8&}§ /§ %·� K W8\ /§ W8\ W·YK6­ 
/·§© 8©W K©6§• Y8%K! K©/ /§ /UK /K8! 
! K! "KY} 8©W 6YK8/K 8! §©% /UK! 8© 
8/! §}>UKYK §z K©/U• }·8}! 8©W WK/KY­ 
! ·©8/·§©t 

HUDSON - Installation and Commissioning 



NK"Y• 8Y\ C syJ s ( : - ( - Q- S 9 5 5 ) 3 OS A( O9 3 tb9 ) I C3 AQ 9 N A) B( ] AQOA My 
/" 

B( ] - BB- k ] 9 Sx nA3 S : 9 ] A3 ( - 3 3 AnB) 779 ] ( ( 9 G - ] B 
R. N. KELMAN, B.E., F.I.E. A'ust.* amd H. E. HOLMES, B.E. (Ho,ns.), M.J.E. Aust.** 

FOUNDATIONS 
9 z /UK /§/8& Y§• /K &K©%/U §z RRMc 

<! hsj cc ! ·&K}PC /UK 6K©/Y8& }K6/·§© 
6Y§}}KW sscc <! hJMc ! ·&K}P §z "8Y­ 
YK©C zK8/•YK&K}} >&8·©C � ·Y/• 8&&\ WK� §·W 
§z 8©\ }KY� ·6K}C Z·/U }• ! ! KY /K! >KY­ 
8/•YK} YK86U·©% Mc° S hsRc° NPC 8©W 
Z·/U ©§ YK6§%©·}KW }§• Y6K} §z Z8/KYt 
B• >>&\ §z ! 8/KY·8&}C ! 8·©/K©8©6K §z 
K_• ·>! K©/ 8©W 8WK_• 8/K 866§! ! §W8n 
/·§© z§Y ! K© §� KY 8 >KY·§W §z 8 \ K8Y Packed Mortar 
>YK}K©/KW z§Y! ·W8"&K >Y§"&K! }t ( UK 
©§Y! 8& %Y8� ·/\ /\ >K §z z§• ©W8/·§© z§Y 
8 JM ! hRMc z/P /§ZKY 6§©/8·©KW Concrete 
©K8Y&\ . c ! l hscc \ Wl P §z 6§©6YK/K Cover 
z§Y K86U &K%C 8©W ·/ Z8} §" � ·§• } /U8/ 
8©\ WK}·%© ZU·6U 6§• &W YKW• 6K K*68n 
� 8/·§© 8©W 6§©6YK/K _• 8©/·/·K} Z8} 
WK}·Y8"&Kt N•Y/UKY! §YKC &·//&K <©§Z ­ 
&KW%K §z &§68& %K§&§%\ K*·}/KW 8©W 
/UKYK ZKYK zKZ <©§Z© }§•Y6K} §z 
}• >>&\ §z 6§©6YK/K ! 8/KY·8&}t B• 6U 
ZKYK /UK 6§©}·WKY8/·§©} /U8/ &KW /§ 
/UK WK� K&§>! K©/ §z }/YK}}KW Y§6<n8©n 
6U§Y z§• ©W8/·§©}t 

Site Investigation 
A/ /UK /·! K §z /K©WKY·©%C §©&\ /UK 

}·/K} z§Y /UK K©W }K6/·§©} §z /UK Y§• /K 
ZKYK z·Y! &\ K}/8"&·}UKWt 7Y§� ·}·§©8& 
}·/K} K*·}/KW z§Y /UK 6K©/Y8& }K6/·§©t 
A }·/K ·©� K}/·%8/·§© Z8} 68YY·KW §• / 
"\ , K§Y%K G ·! >K\ 8©W S§! >8©\ W• Y­ 
·©% ZU·6U /K}/ "§YK} z§Y }§·& ·©� K}/·­ 
%8/·§© ZKYK 68YY·KW §• / 8/ 8&& 866K}­ 
}·"&K K}/8"&·}UKW }·/K}C 8©W /UK 6K©/Y8& 
}K6/·§© §z /UK Y§• /K }8! >&KW "\ WY·&­ 
&·©% 8>>Y§*·! 8/K&\ K� KY\ z·z/U >Y§� ·­ 
}·§©8& }·/Kt ( UK YK}• &/} ZKYK K©6§•Y­ 
8%·©% 8©W ·©W·68/KW /UYKK +§©K} Z·/U 
/Y8©}·/·§© 8YK8} ·© "K/ZKK©t 
8P G K}/KY© A• }/Y8&·8 h3 §Y/U8! /§ 

x 8&%§§Y&·KP n %K©KY8&&\ 8 }8©W\ 
}§·& §� KY WK6§! >§}KW %Y8©·/Kt 

"P SK©/Y8& 3 • &&8Y"§Y YK%·§© n 3 • &­ 
&8Y"§Y &·! K}/§©K} >§Y§• } 8©W � KY\ 
� 8Y·8"&K 8©W &·<K&\ /§ 6§©/8·© 
68� ·/·K} §z 6§©}·WKY8"&K }·+Kt 

6P B§• /U A• }/Y8&·8 hSKW•©8 /§ G U\ ­ 
8&&8P n U8YW ·%©K§• } Y§6< §z/K© 
6&§}K /§C §Y 8/ /UK }• Yz86Kt 

Design 
( UK WK}·%© §z Y§6<n8©6U§Y z§• ©W8­ 

/·§© U8W /§ }8/·}z\ 6KY/8·© YK_• ·YK­ 
! K©/}t O/ ! • }/ >Y§� ·WKp 

8WK_• 8/K 8©6U§Y8%K 8%8·©}/ • >­ 
&·z/ z§Y6K}E 
8WK_• 8/K YK}·}/8©6K /§ W§Z©Z8YW 
z§Y6K}E 
8WK_• 8/K }/8"·&·/\ 8%8·©}/ }&·W·©% 
§Y §� KY/•Y©·©% • ©WKY 6§! "·©8n 

* 5 Yt x K&! 8© ·} 8© A}}§6·8/K 78Y/©KY §z 9 � K 
AY• > 8©W 78Y/©KY}C B\ W©K\ t 

** 5 Yt : §&! K} ·} ( K6U©·68& 5 8©8%KY §z - &K6 tt 
/Y·6 7§ZKY ( Y8©}! ·}}·§©}C 7/\ t Q/Wt 

/ Tower leg -1 
I 
I 

late 

Stressinu Cables 

411 Drilled Cable Duct 

Steel Pine 
Slip Joint . Lining 

Pile Concrete 

Reinforcement Guide 

Fig. 1. - Connection to Tower Leg 

/·§©} §z � KY/·68& and U§Y·+§©/8& 
z§Y6K}E 8©W 
8WK_• 8/K z86/§Y §z }8zK/\ 8%8·©}/ 
§� KY&§8W 8©W &§©% /KY! 6§YY§­ 
}·§©t 

O© >Y·©6·>&K ·/ ·} }·! >&Kt ( UK /§ZKY 
&K% "8}K >&8/K hN·%t sP ·} W·YK6/&\ 
6§©©K6/KW /§ /UK }/YK}}·©% 8©6U§Y8%K 
>&8/K /UY§• %U /UK U§&W·©% W§Z© "§&/}t 
) >&·z/ z§Y6K} 8YK 6§©� K\ KW /§ /UK 
8©6U§Y8%K +§©K 8/ /UK &§ZKY K©W §z 
/UK >·&Kt ) ©WKY ©§n&§8W 6§©W·/·§©}C 
/UK }/YK}}·©% z§Y6K} 8YK YK}/Y8·©KW "\ 
/UK "K8Y·©% §z /UK z§§/·©% §© /UK }§·& 
§Y Y§6<t 3 §/ • ©/·& /UK /§ZKY • >&·z/ 
z§Y6K} K*6KKW /UK YK}·W• 8& }/YK}} ·} 
/UKYK 8©\ /K©WK©6\ for /UK z§§/·©% /§ 
&·z/t 

( UK W·}8W� 8©/8%K ·} /U8/ /UK W§Z©­ 
Z8YW &§8W §© 8©\ z§§/·©% ·} W§• "&KWC 
8} ·/ ! • }/ YK}·}/ /UK }/YK}}·©% z§Y6K 
/§%K/UKY Z·/U /UK ! 8*·! • ! W§Z©Z8YW 
/§ZKY &K% z§Y6Kt ( U• } 8 z§• ©W8/·§© 
"K8Y·©% � 8&• K §z 8"§• / gtj 5 3 a! 2 hg 
/§©zaz/2) Z8} 6§©}·WKYKW K}}K©/·8& ·z 

/UK }/YK}}KW z§§/·©%} ZKYK /§ "K ! • 6U 
}! 8&&KY /U8© %Y8� ·/\ z§§/·©%}t 9 © 
}§• ©W ·%©K§• } Y§6<C /UK }/YK}}KW z§§/· 
·©% >8W Z8} ~• }/ }• zz·6·K©/ /§ 866§! ­ 
! §W8/K "8}K >&8/KC 8©6U§Y8%K 8©W 
"§&/}t ( §ZKY} � 8Y·KW ·© UK·%U/ zY§! 
Rl nJg ! hJMnRMc z/Pt ) >&·z/ z§Y6K} 
� 8Y·KW zY§! MRCccc /§ scj Cccc <% 
hssMCccc /§ l RgCccc &"Pt N§Y /UK >•Y­ 
>§}K §z WK}·%© /Z§ /\ >K} §z z§§/·©% 
ZKYK WK� K&§>KWC §©K z§Y /§ZKY} zY§! 
Rl ! hJM z/P /§ j g ! hsMc z/P 8©W /UK 
§/UKY z§Y Ml ! hsJM z/P /§ Jg ! hRMc 
ft). 

L8Y·§• } >YK}/YK}}·©% }\ }/K! } ZKYK 
K*8! ·©KW 8©W /UK TNYK}}·©K/T B� }/K! 
Z8} 6U§}K©t O/ >Y§� KW ! §}/ · K8}·&\ 
8W8>/8"&K /§ /UK WK}·%© 8©W §zzKYKW 
68"&K 68>86·/·K} ! §}/ }• ·/KW /§ /UK 
Y8©%K §z z§Y6K} YK_• ·YKWt A©6U§Y8%K 
z§Y6K} 8� 8·&8"&K zY§! /UK %Y§• ©W ZKYK 
8}}• ! KW /§ "K /UK ZK·%U/ §z 8 gcq0 
·©� KY/KW 6§©K Z·/U ·/} � KY/K* 8/ /UK 
8©6U§Y8%K WK>/U hN·%t RPt 3 § 8W� 8©­ 
/8%K Z8} /8<K© §z }§·& 6§UK}·§©C ·©n 

KELMAN d HOLMES - Stressed ] §6<nA©6U§Y Towers 



gc ( : - ( - Q- S9 5 5 ) 3 OSA( O9 3 b9 ) ] 3 AQ 9 N A) B( ] AQOA NK"Y• 8Y\ C syJ s 

/KY©8& zY·6/·§© §Y /K©}·&K }/YK©%/U ·© 
}§·& §Y Y§6<t A z86/§Y §z }8zK/\ Z8} 
/8<K© 8/ stg z§Y /UK ZK·%U/ §z /UK 
}§·& 6§©K §� KY • >&·z/ z§Y6K} K*KY/KW 
"\ /UK /§ZKY • ©WKY WK}·%© Z ·©W }>KKW 
§z sgc <! aU hscc ! ·&KaUPt 

( § K©}• YK /U8/ /UK }/YK}}·©% z§Y6K 
Z8} YK}/Y8·©KW "K/ZKK© /UK z§§/·©% 
"K8Y·©% §© /UK %Y§• ©W 8©W /UK >·&K 
8©6U§YKW 8/ ·/} &§ZKY K*/YK! ·/\ C 8 
}&·> ~§·©/ Z8} >Y§� ·WKW /UY§• %U /UK 
WK>/U §z /UK z§§/·©%t Oz /U·} ZKYK 
§! ·//KWC /UK Y·}< Z§• &W K*·}/ §z /UK 
>·&K YK}·}/·©% /UK }/YK}}·©% z§Y6K 8} 
8 6§&• ! © ·© 6§! >YK}}·§©C 8©W /UK 
}/YK}}·©% §>KY8/·§©C WK}·%©KW /§ &§8W 
/K}/ /UK >·&K 8©6U§Y8%K z§Y K86U z§• ©­ 
W8/·§©C Z§• &W %·� K ©§ ·©W·68/·§© §z 
>·&K }&·>t 

Development 
A /K}/ >Y§%Y8! ! KC >Y·§Y /§ 8©\ 

z·K&W 6§©}/Y• 6/·§©C Z8} WK}·%©KW /§ 
>KYzK6/ 8©W >Y§� K K86U >U8}K §z /UK 
§>KY8/·§© 8©W /§ K}/8"&·}U }8zK � 8&• K} 
z§Y "§©W "K/ZKK© 68"&K 8©W %Y§• / 
8©W "K/ZKK© 6§©6YK/K 8©W Y§6<t 

( UK "8}·6 >Y§"&K! /§ "K §� KY6§! K 
Z8} /UK ! K8©} §z >&86·©% 8©W 8©6U§Y­ 
·©% 68"&K} y ! hl c z/P W§Z© ·© /UK 
%Y§• ©WC Z ·/U Kzz·6·K©/ >Y§/K6/·§© zY§! 
6§YY§}·§© §� KY 8 &§©% >KY·§Wt O/ Z8} 
}• }>K6/KW /U8/ %Y§• ©W Z8/KYC ·z >YK­ 
}K©/C 6§• &W "K U·%U ·© }• &>U8/K} 8©W 
6U&§Y·WK}Ct 8©W /UK 3 • &&8Y"§Y &·! K}/§©­ 
K} ZKYK <©§Z© /§ "K >§Y§• }t O/ Z8} 
ppFc/ 6§©}·WKYKW /U8/ }• zz·6·K©/ 6§YY§}·§© 
>Y§/K6/·§© 6§• &W "K %·� K© /§ 68"&K} 
·z /UK}K ZKYK }·! >&\ %Y§• /KW ·©/§ 8 
"§YKW U§&Kt O/ Z8} /UKYKz§YK WK6·WKW 
/§ 68}/ 8 6§©6YK/K >·&K ·© /UK %Y§• ©WC 
Z ·/U 8 6K©/Y8& scc ! ! hj in.) W• 6/ 
z§Y /UK 68"&K}t 5 ·©·! • ! >·&K W·8! K/KY 
Z8} 6§©}·WKYKW /§ "K Rl c ! ! hyT in). 
- _• ·>! K©/ }K&K6/KW z§Y "§Y·©% /UK Rl c 
! ! >·&K U§&K Z8} /UK O©%KY}§&&n] 8©W 
Y§/8Y\ >KY6• }}·§© Tk §Z© /UK : §&KT 
U8! ! KY • }KW in 6§©~• ©6/·§© Z ·/U 8 
7·§©KKY Y§/8Y\ WY·&& 8©W 6§! >YK}}§Y}t 

Az/KY }K� KY8& 8//K! >/} 8/ T68}/·©% 
·©T /UK scc ! ! W• 6/C ·/ Z8} }• 66K}}­ 
z• &&\ 86U·K� KW "\ 68}/·©% 8 }§&·W >·&K 
Z·/U 8 6§©6K©/Y·6 68%K §z YK·©z§Y6K­ 
! K©/ 8©W /UK© WY·&&·©% 8 scc ! ! W• 6/ 
W§Z© /UK 6K©/YKt ( UK YK·©z§Y6K! K©/ 
68%K 86/KW 8} 8 %• ·WK /§ /UK WY·&&t 
( UYKK z• && }68&K z§• ©W8/·§©} ZKYK 6§©­ 
}/Y• 6/KW 8©W 8 Y§• /·©K K}/8"&·}UKW z§Y 
}K//·©% §• /C WY·&&·©%C 6§©6YK/·©%C %Y§• /­ 
·©% 8©W }/YK}}·©%t 

( UK K*>KY·K©6K %8·©KW W• Y·©% /UK 
/K}/ >Y§%Y8! ! KC ·/}K&z /UK YK}• &/ §z 
6§&&8"§Y8/·§© "K/ZKK© /UK 6§©}• &/8©/}C 
9 � K AY• > 8©W 78Y/©KY}C 8©W /UK 6§©­ 
/Y86/§Y}C - &K6/Y·6 7§ZKY ( Y8©}! ·}}·§© 
7/\ Q/Wt h- 7( PC Z8} ·©6§Y>§Y8/KW ·© 
/UK z·©8& WK}·%©t - 7( ZKYK 8"&K /§ %§ 
·©/§ /UK z·K&W Z·/U 8 ©KZ z§Y! §z 6§©­ 
}/Y• 6/·§© Z ·/U ZU·6U /UK\ ZKYK 8&­ 
YK8W\ K*>KY·K©6KW Z ·/U /UK YK}• &/ 

­ 
­ 

Concrete 
Footing 

I I I 
I I I 
fi/. I ( §Z KY &K% 
/ I / 

Ji 
9 Diam Pile 

Fig. 2. - Anchor Footing., General Detail 

/U8/ z·K&W >Y§6KW• YK %K©KY8&&\ Y8© 
}! §§/U&\ 8©W Kzz·6·K©/&\ t 

Construction 
N·K&W Z§Y< 6§! ! K©6KW 8/ G U\ 8&&8 

·© 3 §� K! "KY sygJ 8©W 8/ /UK ZK}­ 
/KY© K©W §z /UK Y§• /K ·© NK"Y• 8Y\ 
syg. t 

- 86U %8©% Z8} z• &&\ K_• ·>>KW /§ 
6§©}/Y• 6/ "§/U }/YK}}KW 8©W ! 8}} /\ >K 
§z z§• ©W8/·§©}C 8&/U§• %U §©&\ /Z § 
! 8}} /\ >K} ZKYK 6§©}/Y• 6/KW ·© /UK 

I 

/ /60° Weight of cone 
of rock to balance 
uplift force 

·7~ 
Q.I 

G K}/t - 86U %8©% Z8} 866§! >8©·KW 
"\ 8 ] K}·WK©/ - ©%·©KKY 8©W S&KY< §z 
G §Y<} >Y§� ·WKW "\ 9 � KT AY• > 8©W 
78Y/©KY}t 

S§©W·/·§©} 8&§©% /UK Y§• /K U8W ·! ­ 
>Y§� KW 6§©}·WKY8"&\ }·©6K /UK /·! K §z 
/K©WKY·©%t ( UK Y§8W §� KY /UK 3 • &&8Y­ 
"§Y 7&8·© Z8} 68YY\ ·©% ! • 6U ! §YK 
/Y8zz·6C 8©W zY§! /UK G K}/ A• }/Y8&·8© 
"§YWKY /§ 7KY/U Z8} }• "}/8©/·8&&\ 
}K8&KW 8&/U§• %U /UK B§• /U A• }/Y8&·8© 
}K6/·§© U8W gMc <! hj cc ! ·&K}P §z 

KELMAN d HOLMES - Stressed Rock-Anchor Towers 



NK"Y• 8Y\ C syJ s ( : - ( - Q- S9 5 5 ) 3 OSA( O9 3 b9 ) ] 3 AQ 9 N A) B( ] AQOA gs 

WKK>&\ >§/nU§&KW Y§8W}t : §ZK� KYC 
/UK &§%·}/·6} §z 6§©}/Y• 6/·§© YK! 8·©KW 
z§Y! ·W8"&Kt S§©6YK/K 8%%YK%8/K} 
ZKYK 68YY·KW zY§! SKW• ©8 8©W x 8&­ 
%§§Y&·K Z·/U 8 ! 8*·! • ! W·}/8©6K 
"K/ZKK© }§• Y6K 8©W }·/K §z . cc <! 
hMcc ! ·&K}Pt G 8/KY U8} 68YY·KW ·© 
ssCccc s hRMcc ) x %8&P 6§&&8>}·"&K Y• " ­ 
"KY /8©<} • > /§ gMc <! hj cc ! ·&K}P 
zY§! 3 §Y}K! 8© 8©W SKW• ©8t SK! K©/ 
Z8} "Y§• %U/ • > /§ sgcc<! hsccc ! ·&K}P 
"\ Y§8W zY§! AWK&8·WK 8©W 7KY/Ut 

O/ Z8} ©K6K}}8Y\ /§ ! 8·©/8·© 8 
}/8"&K 8©W }<·&&KW &8"§• Y z§Y6K ·© /U·} 
·}§&8/KW 8YK8 z§Y ! §YK /U8© 8 \ K8Y 
ZUK© K� K© W8·&\ � 8Y·8/·§©} ·© 6&·! 8/K 
ZKYK zY§! Mc° S hsRc° NP Z·/U Z·©W 
8©W W• }/C /§ 6§&WC ZK/ Z ·©W} zY§! /UK 
A©/8Y6/·6 9 6K8©t - 7( WK6·WKW /§ • }K 
6§! >&K/K&\ ! §"·&K 8·Yn6§©W·/·§©KW 
68! >} /§ "K /§ZKW "\ 6§©}/Y• 6/·§© 
� KU·6&K} zY§! }·/K /§ }·/Kt ( UK }/8©­ 
W8YW 6§! >&K* 6§©}·}/KW §z 8 sl ! 
hj c ft.) ! K}}·©% 8©W <·/6UK© • ©·/C 8 
gtJ ! hRR z/P "8/UY§§! 8©W /§·&K/ 
• ©·/ Z·/U >YK}}• Y·}KW U§/ Z8/KYC 8 gtJ 
! §zz·6K 8©W 8©W z§YK! 8©T} 866§! ! §­ 
W8/·§© 8©W /Z§ gtJ ! }&KK>·©% • ©·/}t 
- &K6/Y·6 >§ZKY Z8} >Y§� ·WKW "\ 8 JM · 
<Z %K©KY8/§Yt B• 6U 68! >} 866§! ! §­ 
W8/KW • > /§ sJ ! K©t 

A} z8Y 8} Z8} >§}}·"&KC 6§©}/Y• 6/·§© 
z§&&§ZKW 8© . W8\ 6\ 6&KC }·* §Y }K� K© 
W8\ } Z§Y< 8©W 8 W8\ ! §� ·©% 68! > 
/§ /UK ©K*/ }·/Kt B/YK}}·©% Z8} 68Y­ 
Y·KW §• / 8z/KY §©K ZKK< 8©W /UK YK­ 
}/YK}}·©% 6UK6< 8©W z·©8& %Y§• /·©% 8 
ZKK< &8/KY 8%8·©t 7&8©©·©% 8&&§ZKW 
z§Y 8 }K6§©W }/YK}}·©% §>KY8/·§© 
}U§• &W /UK YK}/YK}} 6UK6< ·©W·68/K 8 
&§}} §z >YK}/YK}} /§ "K&§Z gcw §z /UK 
68"&K 68>86·/\ t 

9 ©6K 68! > Z8} K}/8"&·}UKW §© }·/KC 
Z§Y< >Y§6KKWKW 8>>Y§*·! 8/K&\ /§ /UK 
z§OO§Z·©% }K_• K©6Kp 
k 8\ s B• Y� K\ C }K//·©% §• /C K*68� 8/·§©t 
k 8\ R 7§}·/·§© >·>K }&KK� KC "§&/} 8©W 

YK·©z§Y6K! K©/t 
k 8\ l 7&86K 6§©6YK/Kt 
k 8\ j k Y·&& >·&K U§&K /UY§• %U >·>K 

}&KK� KC >&86K YK·©z§Y6K! K©/ 
68%K 8©W 6§©6YK/K >·&Kt 

k 8\ M k Y·&& scc ! ! hj ·©P W• 6/ ·© 
>·&KC >&86K /K©W§©} 8©W %Y§• / 
/UK &§ZK}/ l ! hsc ft.) 8©6U§Y­ 
8%K +§©Kt 

G ·/U z§• Y "8}K} /§ K86U /§ZKYC 
/UK}K §>KY8/·§©} /K©WKW /§ §� KY&8> 8 
6§• >&K §z W8\ }t S§©6• YYK©/&\ C /UK 
z§• ©W8/·§©} z§Y K_• ·>! K©/ }UK&/KY}C 
Z8� K%• ·WK "8}K} 8©W Z·©Wn%K©KY8/§Y 
/§ZKY} ZKYK 6§©}/Y• 6/KWt 

9 © }·/K} ·©6§Y>§Y8/·©% ! 8}} 6§©­ 
6YK/K "8}K} }§! K l cc ! o hj cc \ WoP §z 
K*68� 8/·§© Z8} YK_• ·YKW 8©W /UK 6§©­ 
}/Y• 6/·§© K*/K©WKW /§ sR §Y sj W8\ }t 

Pile Failure 
B§• /U A• }/Y8&·8© }·/K} %8� K zKZ 

>Y§"&K! }t S§©W·/·§©} ZKYK K·/UKY 

WK©}K ·%©K§• } Y§6< §Y WKK> }8©Wt ( UK 
/\ >K §z z§• ©W8/·§© Z8} 6&K8Y&\ ·©W·­ 
68/KW 8©W 6§©}/Y• 6/·§© Z8} }/Y8·%U/­ 
z§YZ8YWt 

O© /UK G K}/C /UK ZK8/UKYKW %Y8©·/K 
>Y§� KW /§ "K K*/YK! K&\ � 8Y·8"&KC zY§! 
8&! §}/ }§• ©W Y§6< /§ ! 8/KY·8& zY§! 
ZU·6U ! §}/ §z /UK zK&}>8Y} U8W ZK8­ 
/UKYKW 8Z8\ /§ 8 <8§&·©·+KW %Y·/t 
A/ /UK z§• ©W8/·§© &K� K& §z /UK z§§/·©% 
>8W} /U·} ! 8/KY·8& Z8} z·Y! 8©W ©§©­ 
6§! >YK}}·"&KC "• / /K©WKW /§ 8"Y8WK 
K8}·&\ t ( UK >KY6• }}·§© drill >K©K/Y8­ 
/KW ·/ Y8>·W&\ 8©W /UK WY·&&·©%} ZKYK 
K~K6/KW 8} z·©K /8&6n&·<K >§ZWKYt 

G UK© /UK z§• ©W8/·§© z·Y}/ 6§©}/Y• 6­ 
/KW 8/ I • &%·© ] §6< hB·/K ©• ! "KY RP 
Z8} }/YK}}KWC 68"&K K*/K©}·§©} 8>>8Y­ 
K©/&\ K*6KKWKW 68&6• &8/KW K&§©%8/·§©}C 
8©W 8 68YKz• & 6UK6< }U§ZKW /U8/ /UK 
>·&K Z8} in z86/ ! §� ·©% • >Z8YW} 
/UY§• %U /UK }&·> ~§·©/ in /UK z§§/·©%t 
( UKYK Z8} ©§ 8&/KY©8/·� K /§ K*/Y86/·©% 
/UK >·&K} 8©W YK6§©}/Y• 6/·©% /UK z§• ©­ 
W8/·§© /§ %·� K ! §YK KzzK6/·� K 8©6U§Y­ 
8%Kt 

( U·} Z8} W§©K Z·/U /UK >YK}/YK}}·©% 
~86<}C "• / 8} /UK}K U8W 8 }/Y§<K §z 
§©&\ 8"§• / Mcc ! ! hRc ·©PC /UK >·&K 
U8W /§ "K "Y§<K© • > Z·/U ~86< U8! ­ 
! KY} K86U /·! K /UK ~86<} YK86UKW /UK·Y 
&·! ·/t ( UK >Y§6KW• YK Z8} }&§Z C &8­ 
"§Y·§• } 8©W Y·}<\ C "K68• }K 8 "Y§<K© 
68"&K Z§• &W U8� K K&·! ·©8/KW /UK 
! K8©} §z YK! §� 8& 8©W ©K6K}}·/8/KW 
6§! >&K/K YK6§©}/Y• 6/·§© §z /UK }·/Kt 

5 K8©} ZKYK /UK© 6§©}·WKYKW §z K©­ 
}• Y·©% 8%8·©}/ z• Y/UKY >·&K }&·>t A 
"• &" 8/ /UK "8}K §z /UK >·&K }KK! KW 
/UK §" � ·§• } 8©}ZKYt k ·}6• }}·§©} Z·/U 
8© K*>&§}·� K} K*>KY/ ·© /UK 3 KZ B§• /U 
G 8&K} k K>8Y/! K©/ §z 5 ·©K} Y8·}KW 
U§>K}C 8©W §© U·} 8W� ·6KC 8 "• ©W&K 
§z Rs }/·6<} §z %K&·%©·/K Z8} WK/§©­ 
8/KW 8/ /UK "8}K §z 8 WKK>K©KW U§&Kt 
A>>8Y8/• } Z8} WK� K&§>KW /§ >&§/ /UK 
}·+K §z /UK 68� ·/\ >Y§W• 6KW 8©W /U·} 
>Y§� KW /§ "K zY§! Mcc /§ gcc ! ! 
hRc /§ Rj ·©P W·8! K/KY 8©W zY§! stR 
/§ stM ! hj /§ M z/P ·© UK·%U/t 

( UK z§• ©W8/·§© Z8} YK6§©}/Y• 6/KW 
8©W YK}/YK}}KWt 9 © /UK z·Y}/ 8>>&·68­ 
/·§© 8©W YK&K8}K §z /UK &§8W /UKYK Z8} 
8© • >Z8YW \ ·K&W §z 8>>Y§*·! 8/K&\ ytM 
! ! h¾ ·©Pt ( U·} Z8} ©§/ YK>K8/KW §© 
YK}/YK}}·©% 8©W ©§ 6YKK> §Y &§}} §z 
}/YK}} Z8} K� ·WK©/ §© YK}/YK}}·©% 8z­ 
/KY }K� K© W8\ }C K� K© /U§• %U /UK }K­ 
6§©W 8©W /U·YW U§&K} U8W "KK© WK­ 
/§©8/KW ZU·&K /UK }/YK}} Z8} UK&W §© 
/UK z·Y}/t 

O/ ·} ·©/KYK}/·©% /§ YK6§YW /U8/ /U·} 
}·/K Z8} /UK ! §}/ 6&§}K&\ }·/• 8/KW /§ 
/UK 6K©/YK §z /UK K8Y/U_• 8<K ZU·6U 
WK! §&·}UKW /UK � ·&&8%K §z 5 K6<KY·©% 
·© syg. t ( UKYK Z8} K� ·WK©6K /U8/ 6§©­ 
}·WKY8"&K %Y§• ©W ! §� K! K©/ U8W /8<­ 
K© >&86K 8/ /UK /§ZKYC "• / ©§ K� ·WK©6K 
§z W8! 8%Kt 

( UK &K}}§©} &K8Y©/ 8/ /U·} }·/K ZKYK 

>• / /§ %§§W • }K &8/KY §©t A/ 8&& }·/K} 
ZUKYK Y§6< 8>>K8YKW ZK8/UKYKWC zY·­ 
8"&K §Y }§z/C /UK U§&K WK>/U Z8} ·©­ 
6YK8}KW 8©W 8 6U8Y%K z·YKW ·© /UK "8}K 
/§ >Y§� ·WK 8 "• &"t - 8Y&\ W·zz·6• &/·K} 
·© 6UK6<·©% /UK }·+K §z /UK "• &" ZKYK 
§� KY6§! K "\ /UK }·! >&K K*>KW·K©/ §z 
&§ZKY·©% 8 &·%U/ §© 8 z&K* 8©W }Z·©%­ 
·©% /U·} 86Y§}} /UK U§&Kt ( UK >KY·§W 
§z W8Y<©K}} 8} /UK &·%U/ ZK©/ "K\ §©W 
/UK &·! ·/} §z /UK }U8z/ %8� K 8 6&K8Y 
·©W·68/·§© §z /UK }·+K §z /UK "• &" z§Y­ 
! KWt 

( U·} K*>KY·K©6K 8&& >Y§� KW K*/YK! K­ 
&\ � 8&• 8"&K §©6K 6§©}/Y• 6/·§© U8W 
! §� KW ·©/§ /UK 3 • &&8Y"§Y &·! K}/§©K 
8©W 8&&§ZKW /UK • }K §z }/YK}}KW z§• ©­ 
W8/·§©} 6§©/·©• §• }&\ zY§! }·/K} 3 /§ 
l l t 

Cavities ·© Limestone 
O©·/·8& %K§&§%·68& 8W� ·6K U8W K! ­ 

>U8}·}KW /UK >YK}K©6K §z 68� ·/·K} ·© 
/UK 3 • &&8Y"§Y &·! K}/§©Kt ( UK}K 6§• &W 
"K � 8}/C K*/K©W·©% ! 8©\ /K©} §z ! K/­ 
YK} U§Y·+§©/8&&\ 8©W � KY/·68&&\ t ( UK 
K*·}/K©6K §z }• 6U &8Y%K §©K} Z8} %K©­ 
KY8&&\ <©§Z©C "• / }! 8&&KY §©K}C zY§! 
stM /§ g ! hM /§ Rc z/P WKK> 6§©}/·/• ­ 
/KW 8 YK8& >Y§"&K! C 8©W � 8Y·§• } /K6U­ 
©·_• K} §z }&KK� ·©% /UK >·&K /UY§• %U 
/UK}K U8W "KK© 6§©}·WKYKWt O© >Y86­ 
/·6K §©&\ §©KC 8/ }·/K RJC Z8} K©­ 
6§• ©/KYKWC 8"§• / RtM! h. z/P WKK> 
8©W ·/ Y8>·W&\ z·&&KW ZUK© /UK >·&K 
Z8} 6§©6YK/KWt 

3 § §/UKY }KY·§• } >Y§"&K! } ZKYK K©­ 
6§• ©/KYKWC 8&/U§• %U /UK WK}·%© §z K86U 
z§• ©W8/·§© U8W /§ "K 6§©z·Y! KWC 8©W 
§z/K© ! §W·z·KW "\ /UK ] K}·WK©/ - ©­ 
%·©KKY §© }·/KC /§ 866§! ! §W8/K /UK 
"K8Y·©% 68>86·/\ 8� 8·&8"&K 8©W /UK 
WK>/U §z K*68� 8/·§© ©K6K}}8Y\ /§ 
86U·K� K /U·}C ZUK© /UK}K � 8Y·KW zY§! 
/UK WK}·%© 8}}• ! >/·§©} }U§Z© §© /UK 
WY8Z·©%}t 

TOWER DESIGN 
N• && 68&6• &8/·§©} §z 8 "8}·6 /§ZKY 

}/Y• 6/• YK /§ }• >>§Y/ z§• Y /§ }·* YKz&K6­ 
/§Y} ZKYK YK_• ·YKW "\ /UK }>K6·z·68­ 
/·§©t ( UK /§ZKY} ZKYK /§ YK}·}/ 8 
Z ·©W � K&§6·/\ §z sgc <! aU hscc ! ·&Ka 
UP 8/ %Y§• ©W &K� K&C ·©6YK8}·©% Z ·/U 
UK·%U/C /UK WK}·%© 6§WK "K·©% ·© 86­ 
6§YW8©6K Z·/U 8 7§}/ 9 zz·6K W§6• ! K©/C 
8©W ZU·6U Z§• &W YK}• &/ ·© 8 z86/§Y 
§z }8zK/\ §© • &/·! 8/K }/Y• 6/•YK 
}/YK©%/U ·© /UK §YWKY §z stMnstJ t ( UK 
WK}·%© • }KW 8 6§! ! §© %K§! K/Y\ z§Y 
z§• Yn 8©W }·*nYKz&K6/§Y /§ZKY} 8©W ·} 
� KY\ }·! ·&8Y /§ /U8/ 6§! ! §©&\ • }KW 
"\ /UK 7§}/ 9 zz·6K /UY§• %U§• / A• }­ 
/Y8&·8C A&& §z /U·} YK}• &/KW ·© }/Y• 6­ 
/• YK} Z·/U }/8©W8YW·+KW ! K! "KY} 
ZU·6U 6§• &W "K ! 8}} >Y§W• 6KW ·© 8© 
K6§©§! ·68& ! 8©©KYt 

] Kz&K6/§Y} ZKYK 6§©}·WKYKW /§ "K 8/ 
/Z§ §Y /UYKK &K� K&} 8/ /UK /§> §z /UK 
/§ZKY "• / Y§• /K WK}·%© YK_• ·YKW Z·WKn 

KELMAN d HOLMES - Stressed ] §6<nA©6U§Y Towers 



gR ( : - ( - Q- S 9 5 5 ) 3 OS A( O9 3 b9 ) ] 3 AQ 9 N A) B( ] AQOA NK" Y• 8Y\ C s yJ s 

&\ W·zzKYK©/ &K� K&}C >8Y/·6• &8Y&\ z§Y 
W·� KY}·/\ YKz&K6/§Y}t - 7 ( >Y§>§}KW 
/U8/ YKz&K6/§Y ! §•©/·©% >§}&/·§©} 
}U§• &W "K K}/8"&·}UKW 8/ /ZK&� K W·}­ 
/·©6/ UK·%U/}t O/ Z8} 8%YKKW /U8/ /UK}K 
&K� K&} Z§• &W "K 8WK_• 8/K /§ 86U·K� K 
/UK Y§• /K >KYz§Y! 8©6K YK_• ·YKW 8©W 
8&}§ z86·&·/8/K 8©\ &8/K 6U8©%K} ·© 
YKz&K6/§Y &K� K&} ·©W·68/KW "\ >Y§>8%8­ 
/·§© /K}/}t 

A/ K86U &K� K&C >&8/z§Y! }/KK&Z§Y< 
Z8} WK}·%©KW /§ }• ·/ /UK z86K §Y z86K} 
§© ZU·6U YKz&K6/§Y} ZKYK /§ "K ! §• ©­ 
/KWt ( UK}K >&8/z§Y! } 6§©©K6/KW Z·/U 
/UK /§ZKY 866K}} &8WWKYnZU·6U U8W z• && 
YK}/ >&8/z§Y! } 8/ 8 ! 8*·! • ! }>86·©% 
§z sM ! hMc z/Pt A&& /§ZKY "Y86·©% 
Z8} >Y§>§Y/·§©KW /§ YK}·}/ }UK8Y z§Y­ 
6K} ZU·6U Z§• &W YK}• &/ zY§! YKz&K6/§Y} 
8/ 8©\ &K� K& ·©WK>K©WK©/&\ §z /UK 86­ 
/• 8& • }8%KC 

Waveguide Runs 
( UK /\ >K §z Z8� K%• ·WK • }KW §© /U·} 

}\ }/K! C sj M * g. ! ! hg * l ·©P K&&·>/·­ 
68&C 8&/U§• %U z&K*·"&KC >&86KW 6§©}·WKY­ 
8"&K 6§©}/Y8·©/} §© /§ZKY 8YY8©%K­ 
! K©/}t 9 © ·/} : � >&8©K 8*·} /UK Z8� K­ 
%• ·WK U8} 8 "K©W·©% Y8W·• } §z stMM 
! hgc ·©P ZU·6U ·} }·%©·z·68©/ 6§! ­ 
>8YKW Z·/U /UK /§/8& /§ZKY Z·W/U §z 
Rtj ! h. z/P 8/ /UK /§> §z /UK }/Y• 6­ 
/•YKt 5 §YK§� KYC K86U 8©/K©©8 U8W 8 
}>K6·z·KW >§&8Y·}8/·§© ZU·6U WK/KY! ·©­ 
KW ZU·6U 8*·} §z /UK K&&·>}K Z8} U§Y·­ 
+§©/8&t 

( UK � KY/·68& Z 8� K%• ·WK Y• ©Z8\ Z8} 
>&86KW §© /UK §• /}·WK §z /UK /§ZKYt 
( U·} YKW• 6KW W·zz·6• &/·K} ·© U8• &·©% 
/UK Z8� K%• ·WK §zz /UK WY• ! } 6§! ­ 
>8YKW /§ /U8/ ZU·6U Z§• &W U8� K "KK© 
K*>KY·K©6KW Z·/U /UK ©§Y! 8& Z8� K­ 
%• ·WK Y• © ·©}·WK /UK }/Y• 6/•YKt O/ 8&­ 
}§ ! 8WK /UK z• && /§ZKY Z·W/U 8� 8·&­ 
8"&K z§Y "K©W}t A&/U§• %U /UK UK·%U/} 
§z ! 8©\ YKz&K6/§Y} ZKYK <©§Z© 8/ /UK 
/·! K §z WK/8·&·©% }/KK&Z§Y<C /UK·Y >§&8­ 
Y·}8/·§© Z8} ©§/ 8©W Z8� K%• ·WK "K©W} 
6§• &W ©§/ "K >YKWK/KY! ·©KW /§ K}/8" ­ 
&·}U /UK >§}·/·§© §z 8 YKz&K6/§Y §© /UK 
>8·Y §z U§Y·+§©/8& ! §• ©/·©% "8Y} • }KW 
/§ }• >>§Y/ ·/t O/ Z8} /UKYKz§YK WK6·WKW 
/U8/ ! §• ©/·©% "8Y} }U§• &W "K >Y§� ·W­ 
KW Z·/U U§&K} /§ >KY! ·/ YKz&K6/§Y} /§ 
"K ! §• ©/KW 8/ >§}·/·§©} � 8Y·8"&K ·© 
Mc ! ! hR ·©P }/K>} 86Y§}} /UK /§ZKY 
z86Kt 

N·©8&&\ C ·/ Z8} ©K6K}}8Y\ /§ WK}·%© 
8©6·&&8Y\ }• >>§Y/·©% }/KK&Z§Y< z§Y 8 
U§Y·+§©/8& Z8� K%• ·WK %8©/Y\ "K/ZKK© 

/UK /§ZKY 8©W /UK }UK&/KY} 8©W /§ 
}• >>§Y/ /UK z·©8& "K©W} ·© /UK Z8� K­ 
%• ·WK /§ /UK YKz&K6/§Y} 8/ & ! h l ft) 
! 8*·! • ! }>86·©%t ( UK z§Y! KY Z8} 
}/8©W8YW·}KW ·©/§ 8 zKZ }·! >&K 6§! ­ 
>§©K©/ }/Y• 6/•YK}C "• / /UK &8//KY U8W 
K*/K©}·� K >Y§� ·}·§© z§Y 8W~• }/! K©/ §© 
}·/Kt 

Erection 
( Z§ /§ZKY KYK6/·§© 6YKZ} ZKYK 

K! >&§\ KW K86U Z·/U ! §"·&K 68! >·©% 
8YY8©%K! K©/} 8} z§Y /UK z§• ©W8/·§© 
6YKZ}t - YK6/·§© §z }/KK&Z§Y< /§ 8>­ 
>Y§*·! 8/K&\ j M ! hsMc z/P UK·%U/ 
Z8} W§©K Z·/U 8 RJ /§© ! §"·&K 6Y8©KC 
U8� ·©% 8 /§/8& ~·" &K©%/U §z j y ! 
hsgc z/Pt A"§� K /U·} UK·%U/ KYK6/·§© 
Z8} W§©K Z·/U 8© 8&• ! ·©·• ! z&§8/·©% 
~·"t ( UK 8� KY8%K KYK6/·§© /·! K z§Y 
8 Jg ! hRMc z/tP /§ZKY Z8} g W8\ }t 

CONCLUSION 

3 §/Z·/U}/8©W·©% /UK WK6·}·§© /§ 
8W§>/ 8 6§! >&K/K&\ ©KZ /\ >K §z z§• ©­ 
W8/·§© YK_• ·Y·©% K*/K©}·� K >YK&·! ·©8Y\ 
WK� K&§>! K©/C 8&& /§ZKY }/Y• 6/•YK} 
ZKYK z·©8&&\ KYK6/KW Z·/U·© /UK ·©/K©­ 
q&KW /·! Kt I \ 8>>Y§86U·©% /UK z§Y! ·­ 
W8"&K >Y§"&K! } §z &§%·}/·6} 8©W K}/8" ­ 
&·}U! K©/ ·© /U·} W·zz·6• &/ 8YK8 ·© 8 
>Y§>KY ! 8©©KYC ·/ Z8} WK! §©}/Y8/KW 
/U8/ ! §WKY© /K6U©·_• K} 6§• &W "K K! ­ 
>&§\ KW §© "§/U z§• ©W8/·§©} 8©W /§ZKY 
}/Y• 6/•YK} Z·/U � KY\ z8� §• Y8"&K YK­ 
}• &/}t 

9 © /K6U©·68& %Y§• ©W}C /UKYK ·} ©§ 
W§• "/ /U8/ /UK WK>8Y/•YK zY§! /UK 
/\ >K §z z§• ©W8/·§© /Y8W·/·§©8&&\ 86­ 
6K>/KW z§Y /§ZKY} U8} >Y§� KW /§ "K 
}• 66K}}z• &t O/ ·} KzzK6/·� KC }·! >&K 8©W 
_• ·6< /§ 6§©}/Y• 6/C 8W8>/8"&K /§ � 8Y­ 
·KW }·/K 6§©W·/·§©} h}• "~K6/ §©&\ /§ 
6KY/8·© §� KYY·W·©% YK_• ·YK! K©/}P 8©W 
&K©W} ·/}K&z /§ /UK Kzz·6·K©/ §Y%8©·}8­ 
/·§© §z }·/K &8"§•YC ·© /U8/ /§ZKY KYK6­ 
/·§© 8©W z§• ©W8/·§© Z§Y< 68© "K W§©K 
_• ·/K }K>8Y8/K&\ "\ }>K6·8&·}/ %8©%}t 

( UK K©W YK}• &/ ·} /U8/ /UK Y§6<n8©­ 
6U§Y z§Y! §z 6§©}/Y• 6/·§© 68© %·� K 
8 6§©}·WKY8"&K }8� ·©% ·© "§/U ! §©K\ 
8©W /·! K §� KY /UK /Y8W·/·§©8& ! 8}}­ 
z§§/·©% ! K/U§Wt , K§&§%·68& }• Y� K\ 
·©z§Y! 8/·§© ·} K}}K©/·8& /§ K}/8"&·}U 
/U8/ }• zz·6·K©/ ©• ! "KY §z /UK >YK}/YK}­ 
}KW z§• ©W8/·§©} 68© "K 6§©}/Y• 6/KW 
/§ ~• }/·z\ /UK 6§}/ §z ! §"·&·}8/·§© §z 
/UK }>K6·8&·}KW K_• ·>! K©/ YK_• ·YKWt In 
/U·} 68}KC /UK §Y·%·©8& 8}}K}}! K©/ Z8} 

/U8/ j . §• / §z /UK M. }·/K} Z§• &W "K 
}• ·/8"&Kt In z86/ §©&\ j c >Y§� KW /§ 
"K }§C 8&/U§• %U /UK K*>KY·K©6K }• " ­ 
}K_• K©/&\ %8·©KW ·©W·68/K} /U8/ 8/ 
&K8}/ }§! K §z /UK . ! ·%U/ U8� K "KK© 
}/YK}}KW z§• ©W8/·§©}t ·/ Z8} >8Y/·­ 
6• &8Y&\ W·}8W� 8©/8%K§• } /U8/ /UK ! 8­ 
~§Y·/\ §z /UK}K . }·/K} ZKYK ·© /UK 
! §}/ YK! §/K 8YK8} ZUKYK /UK }8� ·©% 
§z /Y8©}>§Y/ 6§}/} z§Y /UK %YK8/ _• 8©­ 
/·/·K} §z ! 8/KY·8& z§Y /UK ! 8}} z§§/­ 
·©%} Z§• &W U8� K %·� K© /UK }/YK}}KW 
z§§/·©%} /UK·Y %YK8/K}/ }8� ·©%}t 

A} 8 YK}• &/ §z /UK }/8©W8YW·}KW /§Z ­ 
KY WK}·%©C KYK6/·§© 6§}/}C >&86·©% 
UK8� \ K! >U8}·} §© ! K6U8©·68& K_• ·>­ 
! K©/C >Y§W• 6KW YK}• &/} ZU·6U 6§! ­ 
>8YKW � KY\ z8� §•Y8"&\ Z·/U /U§}K 
86U·K� KW ·© KYK6/·©% }·! ·&8Y }/Y• 6/•YK} 
·© ! • 6U ! §YK U§}>·/8"&K &§68/·§©}t 

S§©6YK/K 

, Y§• / 
S8"&K} 

APPENDIX 

Design Stresses 
Rss <%za6! R hl Cccc &"za·©R

P 

·© "8}K}t 
R. s <%za6! R hj Cccc &"za·©RP 

·© >·&K}t 
sJg <%za6! R hRCMcc &"za·©R

P 

A/ WK}·%© Z§Y<·©% &§8W} 
K_• ·� 8&K©/ /§ sgc <! aU 
hscc ! ·&KaUP Z·©W }>KKWp 
gcw ! ·©·! • ! %• 8Y8©/KKW 
• &/·! 8/K /K©}·&K }/YK©%/Ut 

I §©W B/YK}} n k K}·%© &§8W} 
S8"&K} yt. j <%za6! R hsj c &"za·©RP 

S§©6YK/K /§ Y§6< JtJ l <%za6! 2 hssc ¥ 
&"za·©2) 

B/YK}}·©% L8&• K} 
O©·/·8& B/YK}} u . Mw 

• &/·! 8/K }/YK©%/U §z 68"&K}t 
SUK6< ] K}/YK}} JMw 

• &/·! 8/K }/YK©%/U §z 68"&K}t 
5 ·©·! • ! ] K}·W• 8& B/YK}} u gcw 
• &/·! 8/K }/YK©%/U §z 68"&K}p 8©W ·} 
/UK ! ·©·! • ! >KY! 8©K©/ }/YK}} 8©W 
/U• } K_• 8&} /UK WK}·%© Z·©W &§8W 
• >&·z/ z§Y /UK /§ZKYC ·©6YK8}KW "\ 8 
z86/§Y ZU·6U WK>K©WKW §© /UK 
§� KY/• Y©·©% ! §! K©/ 8/ /UK "8}Kt 
k • K /§ /UK z86/ /U8/ 68"&K} ZKYK 
• }KW ·© %Y§• >} §z gC . C sc §Y sRC 
/UK}K ·©6YK! K©/} W·W ©§/ K*86/&\ 
! 8/6U /UK • >&·z/ z§Y6K} z§Y W·zzKY­ 
K©/ /§ZKY UK·%U/} 8©W /UKYK Z8} 
zYK_• K©/&\ 8© K*6K}} §z 68"&K 68>­ 
86·/\ ·© /UK }! 8&&KY /§ZKY}t 

( U• } ! ·©·! • ! • &/·! 8/K &§8W z86/§Y u 
stgJ t 

KELMAN d HOLMES - Stressed Rock-Anchor Towers 



NK" Y• 8Y\ C syJ s ( : - ( - Q- S 9 5 5 ) 3 OS A( O9 3 b9 ) ] 3 AQ 9 N A) B( ] AQOA 63 

( : - ] 5 AQ k - BO, 3 9 N 3 A( ) ] AQQV S9 9 Q- k ] - 7- A( - ] B: - Q( - ] B 
J, TOMLINSON, B.Eng.* and R. P. SLATTERY, Dip.M.E., Grad.LE.( A• }/t7 » 

INTRODUCTION. 

G UK© /UK k K>8Y/! K©/ WK6·WKW /§ 
·©}/8&& 8 "Y§8W"8©W Y8W·§ YK&8\ }\ }/K! 
"K/ZKK© 7§Y/ 7·Y·K 8©W 3 §Y/U8! /§ 
6§! >&K/K /UK AWK&8·WK /§ 7KY/U /Y• ©< 
Y§• /KC §©K §z /UK ·! >§Y/8©/ >Y§� ·}·§©­ 
·©% ! 8//KY} 6§©6KY©KW /UK /\ >K §z 
K_• ·>! K©/ }UK&/KY /§ "K >Y§� ·WKW 8/ 
/UK Mc §Y ! §YK • ©8//K©WKW YK>K8/KY 
}/8/·§©}t ( UK &K©%/U §z /UK Y§• /KC 
8"§• / sMcc ! ·&K}C 8©W /UK &§Z >§>• &8­ 
/·§© WK©}·/\ 8&§©% ! §}/ §z /U·} W·}/­ 
8©6K ·©� ·/KW 6§©}·WKY8/·§© §z WK}·%©} 
§/UKY /U8© §z ©§Y! 8& "Y·6< 6§©}/Y• 6­ 
/·§©t A z• Y/UKY z86/§YC 8&}§ 8zzK6/·©% 
"• ·&W·©% WK}·%©C 8Y§}K 8/ /U·} /·! Kt 
( U·} Z8} /UK z86/ /U8/ ZU§&&\ }§&·W 
}/8/K Y8W·§ K_• ·>! K©/ }• ·/8"&K z§Y 
"Y§8W"8©W Y8W·§ YK&8\ }\ }/K! } Z§• &W 
"K §zzKYKW ZUK© /K©WKY} ZKYK 68&&KW 
z§Y /UK }• >>&\ §z /UK YK_• ·YKW >&8©/t 
O/ Z8} 8©/·6·>8/KW /U8/ /UK >§ZKY 6§©­ 
}• ! >/·§© §z /UK ZU§&&\ }§&·W }/8/K 
}\ }/K! } Z§• &W "K &K}} /U8© §©KnU8&z 
/U8/ §z /UK >8Y/ � 8&� Ka>8Y/ }§&·W }/8/K 
K_• ·>! K©/ /\ >K} 8&YK8W\ ·© }KY� ·6KC 8©W 
/U·} Z§• &W K8}K /UK >Y§"&K! } §z 6§§&·©% 
8©W /UKYKz§YK }UK&/KY·©% §z /UK K_• ·>­ 
! K©/t 

- _• ·>! K©/ /\ >K} 8/ >YK}K©/ ·© • }K §© 
/U·} /\ >K §z }KY� ·6K U8� K YK_• ·YKW /UK 
• }K §z 8·Yn6§©W·/·§©KW §Y z§Y6KW 8·Y 
6§§&·©% >&8©/C 8©W U8� K "KK© U§• }KW ·© 
"• ·&W·©%} §z ©§Y! 8& "Y·6< 6§©}/Y• 6/·§©C 
·© §YWKY /§ YK}/Y·6/ /UK Y8©%K §z 
/K! >KY8/•YK §z /UK·Y K©� ·Y§©! K©/t 
( U·} /\ >K §z 6§©}/Y• 6/·§© Z§• &W U8� K 
"KK© � KY\ 6§}/&\ z§Y /UK - 8}/nG K}/ 
Y§• /KC 8©W 8} 6§©/·©• §• }&\ Y• ©©·©% 
� K©/·&8/·§© ! 86U·©KY\ Z§• &W U8� K YK­ 
_• ·YKW }KY� ·6K 8//K©/·§© 8/ zYK_• K©/ 
·©/KY� 8&}C ·/ Z8} WK6·WKW /§ ·©� K}/·%8/K 
§/UKY z§Y! } §z 6§©}/Y• 6/·§© YK_• ·Y·©%C 
·z >§}}·"&KC ©§ 6§©/·©• §• }&\ Y• ©©·©% 
� K©/·&8/·§© >&8©/t 

( UK ! §}/ ·! >§Y/8©/ 6U8Y86/KY·}/·6 
§z /UK }UK&/KY Z§• &W "K /§ }•YY§• ©W /UK 
K_• ·>! K©/ Z·/U 8 /K! >KY8/•YK ©§/ 
K*6KKW·©% /U8/ z§Y ZU·6U /UK K_• ·>­ 
! K©/ YK&·8"·&·/\ 8©W >KYz§Y! 8©6K Z8} 
%• 8Y8©/KKWt ( UK }UK&/KY Z§• &WC /UKYK­ 
z§YKC U8� K /§ "K 68>8"&K §z W·}}·>8/·©% 
/UK UK8/ §z /UK • &/·! 8/K &§8W §z /UK 
K_• ·>! K©/C "• / 8/ /UK }8! K /·! K 
·©}• &8/K 8%8·©}/ /UK KzzK6/} §z W·YK6/ 
8©W ·©W·YK6/ Y8W·8/·§© zY§! /UK }• © 
8©W %Y§• ©Wt ( UK}K &8//KY KzzK6/} 8YK 
>§/K©/·8&&\ K_• ·� 8&K©/ /§ }K� KY8& /K©} 
§z <·&§nZ8//} • ©WKY 6&K8Y }<\ 6§©W·­ 
/·§©} 8/ ! ·WW8\ ·© ! ·Wn}• ! ! KY h}KK 
N·%t sPt 

i 5 Y ( §! &·©}§© ·} - ©%·©KKY S&8}} l C ] 8W·§ 
BK6/·§©C : K8W_• 8Y/KY}t 

i i 5 Y B&8//KY\ ·} - ©%·©KKY S&8}} l C 5 K6U8©·68& 
8©W - &K6/Y·68& BKY� ·6K}C : K8W_• 8Y/KY}t 

( UK K_• ·>! K©/} &·<K&\ /§ "K §zzKYKW 
U8W }·! ·&8Y /K! >KY8/•YK 6U8Y86/KY·}/·6}C 

B) 5 5 A] V 9 N ( - 5 7- ] A( ) ] - A3 k B9 QA] N) 3 S ( O9 3 B 
5 Ok nB) 5 5 - ] t S Q- A] Bx V 
h5 - QI 9 ) ] 3 - n BVk 3 - VP 

ssc° N 

BTU/Hr.i=t.2 

l cc 

Rcc 

scc 

cRT TCnjt6ttgttttCITonnnT& 9nT&nR nnTRnTjTonnTgt00CI0C 0 

At5 t P.M. 

I ( ) a: CtN/tR 

Rcc 

scc 

c 
R j g . b9 sR R j g . sc 

A.M. P.M. 

I ( ) a: 6tN/tR 

scc r 
cns¥ s 

R j g . b9 sR R j g . sc 

At5 t 7t5 t 

I ( ) a: YtN/tR 

Rcc 

scc 

0 
2 4 6 B sc sR R 4 6 B 10 

A5 t P.M. 

I ( ) a: 6tN¥ 

Rcc 

b9 9 

TOMLINSON d SLATTERY - Thermal Design of Shelters 
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Fig. 1. - Summary of Temperature and 
Solar Functions, Mid-Summer, Clear 

Sky (Melbourne-Sydney). 
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DESIGN CRITERIA 
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Fig. 1 - A Completed Shelter. 
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Fig. 2 - Maximum and Minimum Temperatures at Typical Stations. 
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Fig. 3 - Shelter Layout. 
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Fig. 5 - End View, Doors Open, Showing Diesel Enclosure and Inner Sheil. 
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Fig. 6 -- Thermal Performance Characteristics. 
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Fig. 7 - Loaded Transporter with One Inner Shell and Two Sets of Sun-shield 
and Radiation-screen Structures. 
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Fig. 8 - Lowering the Shelter on to its Foundations by Means of Mechanical 
Jacks. 
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Fig. 9 Erecting the Radiation Screens. 
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Final Position. 
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Fig. 2. - Preparation of H-Plane Bend Using Special Bending Tool. 
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TABLE 1: SPECIFICATIONS 1FOR WAVEGUIDES AND WAVEGUIDE/ 
ANTENNA SYSTEMS. 
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Fig. 5. - Analysis of Measurements on Antennas. 
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Fig. 10 - Commencement of Waveguide Lift, Showing Reel Trailer, Winch Truck and Waveguide Splints. 
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BATTERY CHARACTERISTICS. 
Lead Acid Station Battery Operation. 

G UKYK Wt6t T©§n"YK8<T }• >>&·K} 8YK 8 
YK_• ·YK! K©/ /UK &K8W 86·W }/§Y8%K "8/­ 
/KY\ ·} • }• 8&&\ • }KW in 6§©~• ©6/·§© 
Z·/U "8//KY\ 6U8Y%·©% K_• ·>! K©/t 

A&& >§ZKY >&8©/ }\ }/K! }C K*6K>/ /UK 
/KY! ·©8& K_• ·>! K©/ }• >>&·KW "\ "8/­ 
/KY\ K&·! ·©8/§Y}C z§Y /UK }\ }/K! YK&\ 
§© }/§Y8%K "8//KY\ §>KY8/·§©t O© /UK 
68}K §z ! 8·©} }• >>&·KW }/8/·§©}C /UK 
>Y·©6·>&K §z §>KY8/·§© ·} /§ z&§8/ 6U8Y%K 
/UK "8//KY·K}C ZU·&}/ 8/ ©§© ! 8·© }• >­ 
>&·KW }/8/·§©} 8 6U8Y%KnW·}6U8Y%K ! §WK 
§z §>KY8/·§© ·} • }KWt 

Oz 8/ 8&& >§}}·"&KC ·/ Z8} WK6·WKW /§ 
• }K /UK }/8©W8YW At7t9 t &§©% &·zK >• YK 
&K8W >§}·/·� K %Y·W }/8/·§©8Y\ 6K&&C ZU·6U 
U8W "KK© • }KW §© z&§8/ 8>>&·68/·§©} 
z§Y ! 8©\ \ K8Y}C 8/ }/8/·§©} ZU·6U 
§>KY8/KW §© K·/UKY /UK z&§8/ §Y 6U8Y%K­ 
W·}6U8Y%K }\ }/K! t 

A&/U§• %U >&8©/KT /\ >K 6K&&} 8©W }>K­ 
6·8& 8©/·! §©·8& >§}·/·� K %Y·W 6K&&} ZKYK 
6§©}·WKYKWC ·/ Z8} z·©8&&\ WK6·WKW /§ 
• }K /UK >• YK &K8W >§}·/·� K %Y·W /\ >K 
6K&&} §© /UK 6U8Y%KnW·}6U8Y%K }\ }/K! 
8z/KY 6§©}• &/8/·§© Z·/U /UK "8//KY\ 
! 8©• z86/• YKY}t 

B·©6K /UK >KYz§Y! 8©6K 8©W §>KY8/·§© 
§z &K8W 86·W "8//KY·K} ·} "8}·6 ·© /UK 
WK}·%© §z /UK >§ZKY }• >>&·K}C ·/ ! 8\ "K 
8W� ·}8"&K /§ &§§< 8/ /UK 6U8Y86/KY·}/·6} 
§z /UK &K8W 86·W "8//KY\ ! §YK 6&§}K&\ t 

Charge Characteristic. 
A "8//KY\ §© 6U8Y%K ·} ©§/ a z·*KW 

§Y }/8/·6 &§8Wt O/} &§Z §U! ·6 YK}·}/­ 
8©6K 8©W /UK W·zzKYK©6K "K/ZKK© /UK 
6U8Y%KY � §&/8%K 8©W /UK "86< K! z §z 
/UK 6K&& WK/KY! ·©K /UK z&§Z §z 6U8Y%·©% 
6•YYK©/t O© 8WW·/·§© /UK "8//KY\ � §&­ 
/8%K Y·}K} Z·/U ·©6YK8}K ·© }/8/K §z 
6U8Y%Kt ( K! >KY8/• YK 8&}§ U8} 8© 
KzzK6/ §© /UK 6U8Y86/KY·}/·6C U·%U K&K6­ 
/Y§&\ /K /K! >KY8/•YK YKW• 6·©% /UK 
6U8Y%KY � §&/8%K ©K6K}}8Y\ /§ >8}} 8 
%·� K© 6• YYK©/t 

( UK >KY6K©/ 8! >KYK U§• Y} YK/• Y©KW 
/§ 8 "8//KY\ � KY}• } "8//KY\ � §&/8%K 
ZUK© 6U8Y%KW 8/ 8 6§©}/8©/ 6• YYK©/ 
§z Mc 8! >KYK} 8/ 8 /K! >KY8/• YK §z . c 
WK%t Nt ·} }U§Z© ·© N·%t st 

O/ }U§Z} /U8/ /UK "8//KY\ � §&/8%K 
Y·}K} }&§Z&\ • ©/·& ·/ YK86UK} /UK ycnyM 
>KY 6K©/t 68>86·/\ YK/•Y©KW >§·©/C 
/UK© Y·}K} }/KK>&\ "K/ZKK© 8"§• / Rtl 
8©W RtJ � §&/} >KY 6K&& h%8}}·©% >§·©/P 
8©W /UK© z&8//K©} §• / 8/ 8"§• / Rt. � §&/} 
ZUK© /UK "8//KY\ ·} z• &&\ 6U8Y%KWt 

( U·} }U8Y> Y·}K ·© � §&/8%K W• Y·©% 
ZU·6U §©&\ 8 }! 8&& >8Y/ §z /UK 6U8Y%K 
·} YK/• Y©KWC ·} 8 6U8Y86/KY·}/·6 §z /UK 
&K8W 86·W 6K&& 8©W W§K} 6YK8/K }§! K 
WK}·%© 8©W §>KY8/·§©8& >Y§"&K! }p 

h·P ( § YK/• Y© /UK &8}/ sM >KY 6K©/t 
§z 6U8Y%K ·© 8 YK8}§©8"&K /·! K 
/UK 6U8Y%KY � §&/8%K ! • }/ ·©­ 
6YK8}K "\ 8"§• / Rc >KY 6K©/t 

l • c 

h··P ( UK U·%U 6U8Y%K � §&/8%K YK_• ·YKW 
/§ 6§! >&K/K /UK 6U8Y%K ! 8\ "K 
• ©866K>/8"&K ·© }§ z8Y 8} /UK 
K_• ·>! K©/ §>KY8/·©% � §&/8%K ·} 
6§©6KY©KWt 

h···P ( UK 6• YYK©/ 6U8Y%K Y8/K }U§• &W 
"K YKW• 6KW 8/ /UK %8}}·©% >§·©/ 
/§ 8"§� K /UK Rc U§• Y Y8/Kt 

( UK 6U8Y%K 6U8Y86/KY·}/·6 §z 8©\ 
"8//KY\ ! 8\ "K WK/KY! ·©KW "\ /K}/C 
"\ /8<·©% 8 }KY·K} §z "8//KY\ � §&/8%K 
YK8W·©%} /8<K© 8/ W·zzKYK©/ 6• YYK©/ 
� 8&• K} 8/ W·zzKYK©/ }/8/K} §z 
6U8Y%K §z /UK "8//KY\ t B• 6U 8 6§! ­ 
>§}·/K 6U8Y%K 6U8Y86/KY·}/·6 z§Y /UK 
At7t9 t &§©% &·zK >• YK &K8W >§}·/·� K %Y·W 
Mcc AU 6K&& ·} %·� K© ·© N·%t 2 - 8©W 
·} ©K6K}}8Y\ ·© 6U§§}·©% 8 }8/·}z86/§Y\ 
6U8Y%·©% ! K/U§Wt 

N·%t R }U§Z} 8&}§ U§Z /UK � §&/8%Ka 
6• YYK©/ 6U8Y86/KY·}/·6 §Y &§8W &·©K §z 

::l 
Z • 

.,, •... 
c D 

2·3 

I I I I I 
1000 AMP HR 

PASTED PLATE BATTERY 
CHARGE CHARACTERISTICS 

AT 7 8° F 

ca§ AMP HOURS 
RETURNED /o CHARGED 

-o-o OIESEL ENER ATOR, CHARACTERISTIC sTttt j s s 
- - WIND " o I s" o \I o II 1/

1
0 scc sa§ 

nnnp n n IOS 
0(o 95¼ nnnnn n ~ v nn ~ n 100 0 91 o/o 

� Eppp nnn nn I 

/~ 

V a L---~ 96 °lo a, o/;- 
,,/ nnnnn ~ 

V/ /v a 
a 

I V / a nn ¥YnEgw I n nn '/ I V nn I a 

I I aa 
I a 

a ,s Ytn a n yCs ·1· I i.-- -'. a - nnnnn ­ I 

I a a ­ V . 
I/ V a ~ n ~ cc ° s° 'i % nnnn ­ 

J aE a a nnnnn O n ­ so¼ 73 §at -1-...- 

f a ,..,,,.-- n ttnnn ~ ­ 
10% 64 ¼ n 

L,---- L--- snnn L--- ' gc · Ec s4.'s /, nn SO o/o 4' S · 5 %- ppnnp a v- n nn -' ­ 

~ L---- L--- nn i.-- 
\ I n¥ ­ j c ¥n 36·4 'f. 0aT 

;::. nnnnn n t 30 °/o 27•4 °/4- nnnn i.--~ -f-I n ­ Rc ° a§ 18• 2 ° a6 . 91 %- nnn nn ~ n ~ ID o 
i--- _i.-- n nn t n n ­ . 

­ 
0 Rc ..(0 60 BO 100 120 

CHARGING CURRtNT-AMPS 
Fig. 2. - Battery Cha.rge Characteristics. 

HOLDERNESS - Power Plant 

sj c sgc 



NK"Y• 8Y\ C syJ s ( : - ( - Q- S 9 5 5 ) 3 OS A( O9 3 b9 ) ] 3 AQ 9 N A) B( ] AQOA 

tttb 
ii:! 2·00 
L 

~ 
8t s• yg 

"' C0 
0 D 

snyc 

I 
nnn I I I I I 

' 1000 AMP HR. 
PASTED PLATE BATTERY 

k OBO : A] , - S: A] AS( - ] OB( OSB Ynn r--- I I r-- r-- /nnt +--- sc AMPS h. c ° NP 

x Yntt r--. ----- i----.... n r--- r---.. i--J /nn i-- Ynnnnn r-- 

­ O r---.. Ynnnn Rc AMPS hscl ° NP -,.. 
Rc AMP'si----....~ r---., nnnn i----....t--._ I 

I\ 
hj cT NP ,~ r-k O nnn nnnnnnYnn O tttttttC00 

T ­ I z 
~~ scc AMPS I I 

­ hgJ ° NP I DR• M HOURS : II~ 1--...- I',. Rc AMPS h. c ° NP C 

~ 
O 

I'- 
I\""~ 

s • . c 
0 sM 30 45 60 

HOURS 
Fig. 3. - Battery Discharge Characteristic. 

15 100- 

/UK 6U8Y%·©% K_• ·>! K©/ 68© "K }• >KY 
·! >§}KW §© /UK "8//KY\ 6U8Y%K 6U8Y86­ 
/KY·}/·6t ( U·} K©8"&K} §©K /§ • ©WKY­ 
}/8©W /UK 6U8Y%K 6\ 6&K §z "§/U /UK 
Z·©W %K©KY8/§Y 8©W W·K}K& %K©KY8/§Y 
ZU·&K }/·&& §>KY8/·©% /UK 6U8Y%·©% >&8©/ 
Z·/U·© /UK Y8W·§ K_• ·>! K©/ � §&/8%K 
&·! ·/}t 

( U·} %K©KY8/§Y 6U8Y86/KY·}/·6 ·} W·}­ 
6• }}KW &8/KY ·© /U·} 8Y/·6&Kt 

Discharge Characteristics. 
( UK W·}6U8Y%K 6U8Y86/KY·}/·6} hN·%t 

l P }U§Z /UK 6U8©%K ·© "8//KY\ � §&/8%K 
8%8·©}/ /·! K ·© U§• Y} §© W·}6U8Y%K 8/ 
� 8Y·§• } 6•YYK©/ W·}6U8Y%K Y8/K}t ( UK 

! 8Y<KW 6U8©%K ·© � §&/8%K 8/ /UK U·%U 
Y8/K} §z W·}6U8Y%K ·} ·© 6§©/Y8}/ /§ /UK 
z&8/ 6U8Y86/KY·}/·6 ZUK© W·}6U8Y%·©% 8/ 
Mc §Y scc U§•Y Y8/K}t 

A/ ©§© ! 8·©} >§ZKYKW YK>K8/KY} 
ZUKYK /UK 6U8Y%KaW·}6U8Y%K }\ }/K! §z 
Z§Y<·©% U8} "KK© K! >&§\ KWC ·/ U8} 
"KK© ©K6K}}8Y\ /§ K! >&§\ &8Y%K "8//KY\ 
YK}KY� K 68>86·/·K} /§ §"/8·© &§©% 
>KY·§W} "K/ZKK© W·K}K& Y• ©} 8©W /§ 
K©}•YK ! 8*·! • ! • }8%K §z /UK Z·©W 
%K©KY8/§Yt N§Y /UK}K YK8}§©} /UK 
"8//KY·K} ·©}/8&&KW z§Y /UK ·©·/·8& &§8W} 
§z 8"§• / Rj 8! >KYK} 8/ Rj � §&/} U8� K 
68>86·/·K} /§/8&&·©% sccc 8! >KYK U§•Y}t 

( UK � KY\ z&8/ ©8/•YK §z /UK W·}6U8Y%K 

6•Y� K 8©W /UK 6U8©%K ·© >§}·/·§© §z /UK 
6•Y� K Z·/U K&K6/Y§&\ /K /K! >KY8/•YK 
6U8©%K} Y8·}K} >Y§"&K! } ZUK© � §&/8%K 
}K©}·©% ! K/U§W} 8YK • }KW /§ 6§©/Y§& /UK 
YK6U8Y%K 6\ 6&Kt 

NY§! YK6§YW·©%} §z K&K6/Y§&\ /K /K! ­ 
>KY8/•YK 8©W 8! "·K©/ /K! >KY8/•YK ·/ 
U8} "KK© z§• ©W /U8/ 8 � 8Y·8/·§© ·© 
K&K6/Y§&\ /K /K! >KY8/•YK z§Y /UK Mcc AU 
I 8//KY\ zY§! }• ! ! KY /§ Z·©/KY Z§• &W 
be "K/ZKK© 8"§• / 45 WK%t N 8©W 85 
WK%t Nt 

I 8//KY\ Capacity. 
( UK ©§! ·©8& Y8/KW 68>86·/\ §z /UK 

At7t9 t &K8W 86·W "8//KY\ ·} 8&Z8\ } 
/8<K© 8/ /UK sc U§• Y W·}6U8Y%K Y8/K 

200 

TtOE s. c 
< 

¥ sgc 
• < 
Q.. 

< sj c • 
LU 

¥ sRc 
< ttttb 

¥ scc 
q 

80 

0 

0 .. 
o­ O 

1000 AMP. HR. (2 xS00AH) ' 0 

" PASTED PLATE BATTERY- 
~ 

CAPACITY VERSUS RATE OF DISCHARGE 
- - ' "' •..... 
0 - r--- ~ 
0 

0 

c sc Rc l c 40 Mc gc Jc . c 
DISCHARGE RATE 

Fig. 4. - Battery Capa.city. 

yc scc 
A5 7B 

HOLDERNESS - Power Plant 



. j ( : - ( - Q- S9 5 5 ) 3 OSA( O9 3 b9 ) ] 3 AQ 9 N A) B( ] AQOA NK"Y• 8Y\ C syJ s 

W§Z© /§ 8 6K&& � §&/8%K §z st. ML >KY 
6K&&t A/ U·%UKY W·}6U8Y%K Y8/K} /UK 
68>86·/\ ·} YKW• 6KWC ZU·&}/ 8/ &§ZKY 
W·}6U8Y%K Y8/K} /UK 8� 8·&8"&K 68>86·/\ 
·} ·©6YK8}KWt N·%t j ·&&• }/Y8/K} /UK 
6U8©%K ·© 68>86·/\ Z·/U Y8/K §z W·}­ 
6U8Y%Kt A/ /UK Mc U§• Y Y8/KC z§Y ·©­ 
}/8©6KC 8 ©§! ·©8& sccc AU 68>86·/\ 
"8//KY\ U8} 8© 8� 8·&8"&K 68>86·/\ §z 
sgj c AUC W§Z© /§ 8 W·}6U8Y%K � §&/8%K 
§z st. ML >KY 6K&&t 

G ·/U /UK 6U8Y%KaW·}6U8Y%K ! K/U§W 
§z Z§Y<·©% • }KW 8©W Z·/U YK6§! ­ 
! K©WKW � §&/8%K 6§©/Y§& }K//·©%} /UK 
68>86·/\ /8<K© §• / §z /UK "8//KY\ ·} 
8>>Y§*·! 8/K&\ scj c AU §Y 8"§• / gl 
>KY 6K©/t §z /UK /§/8& 8� 8·&8"&K 68>8­ 
6·/\ t ( U·} &·! ·/8/·§© §© /UK K*/K©/ §z 
W·}6U8Y%K O} /§ K©}• YK /U8/ /UK "8//KY\ 
·} ©§/ Z§Y<KW K*6K}}·� K&\ 8©W /§ >Y§­ 
� ·WK 8 YK}KY� K 68>86·/\ §z 8/ &K8}/ Rj 
U§• Y} ·© /UK K� K©/ §z W·K}K&a%K©KY8/§Y 
z8·&• YKt 

A}}• ! ·©% /U8/ /UK W·K}K& }/8Y/ 6§©­ 
/Y§& � §&/8%K }K©}§Y ·} }K/ 8/ Rl tM � §&/} 
8©W /UK W·}6U8Y%·©% 6• YYK©/ RM 8! >}C 
N·%t l }U§Z} /UK W·}6U8Y%K 6• Y� K z§Y 
/UK j c U§• Y Y8/Kt O/ 68© "K }KK© /U8/ 
/UK W·}6U8Y%K /·! K 68© � 8Y\ "\ • > /§ 
sj U§• Y} zY§! K&K6/Y§&\ /K /K! >KY8/• YK 
KzzK6/} 8&§©Kt ( UK /§&KY8©6K §z /UK 
}K©}·©% WK� ·6K} (± ctR � §&/P 6§• &W >§}­ 
}·"&\ 8WW /§ /U·} � 8Y·8/·§© "\ • > /§ 
8©§/UKY j U§• Y}t 

A&/U§• %U /K! >KY8/• YK KzzK6/} 6§• &W 
U8� K "KK© ©• &&·z·KW "\ /K! >KY8/• YK 
6§! >K©}8/·§© §© /U·} � §&/8%K }K©}·©% 
WK� ·6KC ·/ Z8} WK6·WKW ©§/ /§ W§ /U·} 
"K68• }Kp 

h·P A � 8Y·8/·§© ·© /UK W·}6U8Y%K 
/·! K zY§! }• ! ! KY /§ Z·©/KY Z8} 
866K>/8"&K >Y§� ·WKW /U8/ ·z /UK 
W·K}K& z8·&KW /§ }/8Y/ /UKYK Z8} 

}/·&& }• zz·6·K©/ "8//KY\ YK}KY� K h8/ 
&K8}/ Rj U§• Y}Pt 

h··P ( UK W·K}K& 6U8Y%KaW·}6U8Y%K 
6\ 6&K >KY·§W Z8} }/·&& §z 866K>/­ 
8"&K W• Y8/·§©t 

h···P S§! >&·68/·§©} Z§• &W 8Y·}K ·© 
/UK 68&·"Y8/·§© §z /UK z§• Y ·WK©­ 
/·68&&\ WK}·%©KW � §&/8%K 8&8Y! 
8©W 6§©/Y§& }K©}·©% WK� ·6K}t 

h·� P N§Y ! §}/ §z /UK \ K8Y /UK K&K6­ 
/Y§&\ /K /K! >KY8/• YK Z§• &W /K©W 
/§Z8YW} /UK U·%UKY ! K8© 8©W /UK 
6\ 6&K /·! K Z§• &W "K §z ©§Y! 8& 
W• Y8/·§©t 

WIND-DRIVEN GENERATOR. 

( UK z·Y}/ Z·©WnWY·� K© %K©KY8/§Y} 
• }KW "\ /UK 7§}/ 9 zz·6K ZKYK ·©}/8&&KW 
·© syl g z§Y "8//KY\ 6U8Y%·©% 8/ }! 8&& 
Y• Y8& /K&K>U§©K K*6U8©%K} 8©W YK>K8/KY 
}/8/·§©} ZUKYK Z·©W 6§©W·/·§©} ZKYK 
z8� §• Y8"&Kt A&/U§• %U • > /§ sMc • ©·/} 
ZKYK ·© §>KY8/·§© ·© /UK >§}/ G §Y&W 
G 8Y OO >KY·§WC /U·} ©• ! "KY WK6&·©KW /§ 

8"§• / gc • ©·/} ·© sygc W• K /§ /UK K*­ 
/K©}·§© §z 6§! ! KY6·8& ! 8·©} /UY§• %U­ 
§• / ! 8©\ Y•Y8& 8YK8}t 

5 §YK YK6K©/&\ C Z·/U /UK ·©/Y§W• 6/·§© 
§z /Y8©}·}/§Y·}KW K_• ·>! K©/ ·©/§ YK­ 
>K8/KY} z§Y &§©%n&·©K 8©W Y8W·§C 8©W 
/UK K*>8©}·§© §z &§©% W·}/8©6K /K&K­ 
6§! ! • ©·68/·§©}C >8Y/·6• &8Y&\ ·©/§ §• /­ 
"86< 8YK8}C /UKYK U8} "KK© 8 YK©KZKW 
WK! 8©W z§Y }! 8&& Wt6t >§ZKY }• >>&·K} 
8©W Z·©W %K©KY8/§Y} U8� K 8%8·© "KK© 
• }KW /§ >Y§� ·WK /UK >Y·! 8Y\ }§• Y6K §z 
>§ZKYt 

B·©6K /UK W·YK6/ 6• YYK©/ >§ZKY YK­ 
_• ·YK! K©/ z§Y /UK Y8W·§ K_• ·>! K©/ §© 
/UK - 8}/nG K}/ ! ·6Y§Z8� K }\ }/K! YK­ 
>K8/KY Z8} ·©·/·8&&\ /§ "K 6§! >8Y8/·� K&\ 
}! 8&& h&K}} /U8© Mcc Z8//}P 8©W Z8} 
K*>K6/KW /§ }/8\ ©K8Y /U·} &K� K& z§Y 
8/ &K8}/ z·� K \ K8Y}C Z·©W %K©KY8/·§© 
Z8} 6§©}·WKYKW /§ "K 8 >Y§>§}·/·§©t 
B§! K §z /UK z86/§Y} ·©z&• K©6·©% /U·} 
WK6·}·§© ZKYKp 

h·P 7YK� ·§• } K*>KY·K©6K Z·/U Z·©W 
%K©KY8/§Y}E 

h··P ( UK 8� 8·&8"·&·/\ §z 8 &§Z 6§}/C 
&§68&&\ ! 8©• z86/• YKW Z·©W %K©K­ 
Y8/§YE 

h···P A� 8·&8"·&·/\ §z 6§! >YKUK©}·� K 
Z·©W }• Y� K\ ·©z§Y! 8/·§© z§Y >8Y/ 
§z /UK Y§• /KE 

h·� P k K}·Y8"·&·/\ /§ YK}/Y·6/ W·K}K& 
K©%·©K Y• ©©·©% U§• Y} 8©W /U• } 
YKW• 6K ! 8·©/K©8©6KE 

h� P B8� ·©% ·© z• K& 6§}/}t 
A Z·©W }• Y� K\ 6§©W• 6/KW "\ /UK 

- &K6/Y·6 ( Y• }/ §z B§• /U A• }/Y8&·8 h] Kzt 
sP U8W }U§Z© /U8/ Z·©W} §z }8/·}z86­ 
/§Y\ � K&§6·/\ 8©W W• Y8/·§© K*·}/KW ·© 
/UK }§• /UKY© YK%·§©} §z A• }/Y8&·8t ( UK 
Z·©W} §� KY ! §}/ §z /UK Y§• /K 8YK >YK­ 
W§! ·©8©/&\ }§• /UnZK}/KY&\ C ·©/KY­ 
}>KY}KW Z·/U U·%U � K&§6·/\ Z·©W} zY§! 
/UK "§/U ZK}/KY© _• 8Y/KY}t A} ! 8©\ 
§z /UK YK>K8/KY }/8/·§©} ·© B§• /U A• }­ 
/Y8&·8 8©W 8 &K}}KY ©• ! "KY ·© G K}/KY© 
A• }/Y8&·8 8YK 6&§}K /§ /UK 6§8}/ /UK\ 
}U§• &W "K z8� §• Y8"&\ &§68/KW ·© YK%8YW 
/§ /U·} Z·©W >8//KY©t 

I K68• }K §z /UK • &/·! 8/K &§8W YK_• ·YK­ 
! K©/} hsMcc Z8//}P 8©W /UK ©KKW z§Y 
8© • ©·©/KYY• >/KW 8©W YK&·8"&K }• >>&\ 
§© /U·} ·! >§Y/8©/ Y§• /KC ·/ Z8} ©K6K}­ 
}8Y\ /§ ·©}/8&& 8 W·K}K& %K©KY8/§Y /§ 
>Y§� ·WK /UK "8}K >§ZKY &§8W YK_• ·YK­ 
! K©/ z§Y /UK }/8/·§© Z·/U /UK Z·©W 
%K©KY8/§Y YKW• 6·©% /UK ©• ! "KY §z 
}/8Y/} 8©W Y• ©©·©% /·! K §z /UK W·K}K&t 

( U·} Z§• &W YKW• 6K ! 8·©/K©8©6KC 
}8� K z• K&C YKW• 6K "8//KY\ 6\ 6&·©% 8©W 
8/ /·! K} "Y·©% /UK "8//KY\ /§ ·/} z• &&\ 
6U8Y%KW 6§©W·/·§©t I K68• }K §z /UK 
&8Y%K ©• ! "KY §z }/8/·§©} 8©W /UK·Y 
YK! §/K©K}} /UK}K z86/§Y} "K6§! K ·©­ 
6YK8}·©%&\ ·! >§Y/8©/t 

9 ©K W·K}K& %K©KY8/§Y ·} >Y§� ·WKW 
·©·/·8&&\ C 8&/U§• %U z86·&·/·K} K*·}/ z§Y 
/UK z·//·©% §z 8 }K6§©W W·K}K& %K©KY8/§Y 
8©W K*/K©W·©% /UK "8//KY\ ·©}/8&&KW 

68>86·/\ zY§! sccc /§ Rccc 8! >KYK 
U§• Y}t 

A&/U§• %U 8 Z·©W }• Y� K\ z§Y K86U }·/K 
%·� ·©% ! K8© 8©©• 8& Z·©W � K&§6·/·K} 
Z§• &W U8� K WK/KY! ·©KW /UK }• ·/8"·&·/\ 
§Y ©§/ §z ·©}/8&&·©% Z·©W %K©KY8/§Y} 8/ 
8 >8Y/·6• &8Y }·/KC /UK 6§}/C 8� 8·&8"·&·/\ 
§z }• Y� K\ K_• ·>! K©/ 8©W /·! ·©% §z 
/UK >Y§~K6/ ! 8WK /U·} ·! >§}}·"&KC 

( UK k • ©&·/K Z·©WnWY·� K© %K©KY8/§Y 
•}KW 8/ /UK ©§© ! 8·©} }• >>&·KW YK­ 
>K8/KY} 6§©}·}/} §z 8 /UYKKn"&8WKWC sl 
z/t W·8! K/KY Z·©W ! ·&&C 6§• >&KWC � ·8 
8 %K8Y"§*C /§ 8 Rj � §&/C R<G "Y• }U&K}} 
Wt6t %K©KY8/§Yt 

( UK %K©KY8/§Y 8©W %K8Y"§* hY8/·§ 
M p sP 8YK ! §• ©/KW 8} §©K • ©·/ §© 8 
}/KK& /§ZKY j c z/t U·%Ut ( UK Z·©W­ 
WY·� K© %K©KY8/§Y ·} ·&&• }/Y8/KW ·© N·%t 
Mt 

9 � KYn}>KKW·©% §z /UK Z·©W! ·&& ·© 
U·%U Z·©W }>KKW} ·} 6§©/Y§&&KW "\ 8 
6K©/Y·z• %8& %§� KY©§YC ZU·6U 6U8©%K} 
/UK "&8WK >·/6U 8©%&KC /U• } YKW• 6·©% 
/UK >Y§>K&&§Y Y§/8/·§©8& }>KKWt 

A ! 8%©K/·6 &8/6U·©% WK� ·6K >YK� K©/} 
/UK 86/·§© §z /UK 6K©/Y·z• %8& %§� KY©§Y 
6U8©%·©% /UK >Y§>K&&KY >·/6U • > /§ Z·©W 
}>KKW} §z l c ! t>tUt 

( UK R<G "Y• }U&K}} %K©KY8/§Y ·} 
"8}·68&&\ 8© K·%U/n>§&K /UYKKn>U8}K 
8&/KY©8/§Y §z /UK Y§/8/·©% z·K&W /\ >K 
Z·/U z• && Z8� K }·&·6§© W·§WK} ·© /UK 
§• />• / §z }/8/§Y Z·©W·©% /§ >Y§� ·WK 
/UK YK_• ·YKW Rj � §&/ }• >>&\ t ( UK Wt6t 
}• >>&\ z§Y /UK Y§/8/·©% z·K&W ·} >Y§t 
� ·WKW "\ 8 }! 8&& 8t6t K*6·/KY 8Y! 8/• YK 
! §• ©/KW §© /UK }8! K }U8z/C /UK §• />• / 
§z /UK &8//KY "K·©% YK6/·z·KW "\ }! 8&& 
}·&·6§© W·§WK} ! §• ©/KW §© 8 W·}6 ZU·6U 
·} &§68/KW "K/ZKK© /UK K*6·/KY 8Y! 8­ 
/• YK 8©W /UK Y§/8/·©% z·K&Wt ( UK K*­ 
6·/KY z·K&W ·} zKW � ·8 8 /Y8©}·}/§YKW 
YK%• &8/§Y §Y }·©%&K >U8}K 8t6t Z ·©W·©% 
Z·/U z• && Z8� K YK6/·z·KY} >Y§� ·W·©% 8 
j . L Wt6t }• >>&\ t 

O/ ·} ·! >§Y/8©/ /§ ©§/KC U§ZK� KYC 
/U8/ /UK YK%• &8/§Y }K©}·©% 6·Y6• ·/ ! §©·­ 
/§Y} /UK "8//KY\ � §&/8%K 8©W ©§/ /UK 
§• />• / §z /UK Z·©W %K©KY8/§Yt N·%t g 
}U§Z} /UK 6·Y6• ·/ }6UK! 8/·6C 

Wind Generator Characteristic. 

A} /UK Z·©W %K©KY8/§Y ! 8\ "K YK­ 
_• ·YKW /§ Y• © zY§! ©§ &§8W /§ z• && &§8W 
·© U·%U Z·©W}C /UK %K©KY8/§Y §• />• / 
� §&/8%K ! • }/ "K 6&8! >KW /§ K©}• YK 
/U8/ K*6K}}·� K � §&/8%K} 8YK ©§/ 8>>&·KW 
/§ /UK Y8W·§ &§8Wt A � §&/8%K YK%• ­ 
&8/§Y 6&8! >} /UK §• />• / � §&/8%K • ©WKY 
8&& 6§©W·/·§©} §z &§8W 8©W Z·©W! ·&& 
}>KKW 8/ R. t. � §&/}C "K·©% }&·%U/&\ 
&§ZKY /U8© /UK }K//·©% z§Y /UK W·K}K& 
%K©KY8/§Y YK%• &8/§Y hRytMLPt 

O/ U8} "KK© 8YY8©%KW /U8/ /UK Z·©W 
%K©KY8/§Y §• />• / Z·&& "K ·©U·"·/KW W• Y­ 
·©% /UK W·K}K& Y• ©©·©% >KY·§W }§ /U8/ 
/UK }/§> }K/ � §&/8%K 6§©/Y§& z• ©6/·§© 
Z§• &W ©§/ "K §>KY8/KW "\ /UK §• />• / 

HOLDERNESS - Power 7&8©/ 



NK"Y• 8Y\ 0C syJ s ( : - ( - Q- S9 5 5 ) 3 OSA( O9 3 b9 ) ] 3 AQ 9 N A) B( ] AQOA 85 

Fig. 5. - Wind Driven Generator. 
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Fig. 7. - Wind Generator Characteristics. 
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Fig. 16. - Rectifier Suite and Diesel Control Cubicle for Mains Supplied Repeater. 
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Fig. 2. - Prototype Transit Case. 
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TELECOMMUNICATION PRINCIPLES 

(Continued from Vol. 20, No. 3, P. 288) 

QUESTION 12 (b): 

A transformer supplies >§ZKY /§ an electron tube amplifier 
from the 240 volt 50 cycle mains supply. The secondary 
windings supply 6 volts at 3 amps for tube filaments and 
100 volts at 300 mA /§ a voltage doubler supply. Calculate: 

h ·P The number of turns on the filament winding, if the 
primary has 1,000 turns. 

h··P The no-load output voltage of the voltage doubler. 

h···P The total power taken from the supply, if the trans­ 
former is 96 per cent. efficient and the secondary 
currents have a power factor of unity (1). 

ANSWER 12 (b): 
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QUESTION 13 (a): 

On the characteristics shown, draw a k tS t loadline for a 
load resistor of 1250 ohms and a supply of 10 volts. 

ANSWER 13 (a): 
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QUESTION 13 (b): 
Determine the >tWt across the load resistor when the base 
current ·} Jc uA. 

ANSWER 13 (b): 
NY§! %Y8>UC - K 8/ Jc• A ·} j ty � §&/}t 
- YF ·} sc n j ty u Mts � §&/}t 

QUESTION 13 (c): 
What is the signal power developed in the load resistor 
when a 60uA peak /§ peak sine wave signal is applied in 
series with the 70uA base bias current? 

ANSWER 13 (c): 
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QUESTION 14: 
N·%t 20 shows a phase inverter stage using a twin triode 
electron tube. It is operated from a 200 volt : t( t supply 
and the anode current in each tube is 0.BmA. 
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QUESTION 14 (a): QUESTION 14 (b): 
State a typical use for this type of circuit and show the 
waveforms at points A and B with respect to earth for the Calculate the anode voltage of VlB with respect to cathode. 
input signal shown. 

f\.) 
0\ 0 

ANSWER 14 (b): 
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Fig. 20. 

ANSWER 14 (a): 
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·© N·%t Rst Explain how bias ·} applied /§ VlA and determine its value. 
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The Choice of 
Transmission Engineers 

TRANSMISSION LEVEL CHECKER 
A205-3 

Previous models have been supplied 
to the Australian Post Office under contract. 

Engineering Products Division 
AMALGAMATED WIRELESS (AUSTRALASIA) LIMITED 

SYDNEY MELBOURNE BRISBANE ADELAIDE PERTH LAUNCESTON 
. . gggg gJ ysgs j s sgl s JR Rl gg R. gj cc R s. cj 
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GEC of England link 

S.G.t'. 



The East-West 2GHz microwave radio system is now in service bringing Western Australia into the 
national broadband trunk telephone and television relay network. 

t is the largest single telecommunications project carried out in Australia, and one of the longest systems in the 
world. It carries trunk telephone calls, at the present rate of 1.3 million per year, over the 1500 miles between 

Western Australia and the Eastern States and provides circuits to all centres en route. 
G EC is proud to have been appointed the main contractor for the whole system Working in close collaboration 

with the Australian Post Office G EC was responsible for the engineering, manufacture, installation and 
commissioning of the radio equipment, and the design parameters for antennas and feeders, power plant 

equipment shelters and towers, and overall project management-; 

,EC gratefully acknowledges the co-operation of the Australian Post Office and the sub-contractors who contributed to the success 
Cz this outstanding achievement. 
\ndrew Antennas Pty, Ltd. 
llcCoH Electric Works Pty Ltd. 
Jve Arup and Partners 

A©/K©©8} 8©W zKKWKY} 
7§ZKY 7&8©/ 
S·� ·& - ©%·©KKY·©% S§©}• &/8©/} 

ElectricPowerTransmissionPtyltd - 
D.S. Thomas and Partners 
Sigal Industries Pty Ltd. 

A©/K©©8 8©W Z·©W %K©KY8/§Y towers 
k K}·%© §z K_• ·>! K©/ }UK&/KY} 
- _• ·>! K©/ }UK&/KY} 

G EC Microwave Systems in Australia 
New transcontinental route 

11 - ~ Other main routes for which G.E.C. equipment has 
been supplied 

- Terminals and intermediate switching stations 
Repeater stations 

Takes telecommunications into tomorrow 
GEC-AEI Telecommunications Limited, Coventry, England 
represented in Australia by · 
The General Electric Co. of Australia Ltd., Telecommunications Division, 
9 Bibby Street, Chiswick, N.S.W. 2046 1B/55 
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think of GEC·AEI and you think of. • • 

Research 
Development 
Design 

Surveying. 
Planning, 
Systems Design, 
Installation 
Commissioning 

Transmission by 
] 8W·§tS8"&K and 
Open-Wire Line 

Frequency Division 
and Digital 
Multiplex 

Audio, Programme, 
Signalling 
Telegraph and Data 
Equipment 

Public Exchanges 
Trunk Switching 
RAX-UAX 
Mobile Exchanges 

PABX-PAX 
Private Telephone 
Systems 

Telephones 
Table, Wall, 
Secretarial, 
Loudspeaking 

Maintenance 
Training 

International 
Representation 

. . . a complete telecommunications service 
G EC-AEI Telecommunications Limited is a management company responsible for the 
telecommunications interests of The General Electric Co. Ltd. of England and 
Associated Electrical Industries Ltd. 
The largest company in this field in England, and one of the largest in the world, 
GEC-AEI combines a vast research, development and manufacturing capability to 
provide a complete telecommunications service . 

Takes telecommunications into tomorrow 
GEC-AEI Telecommunications Limited, Coventry, England 
represented in Australia "\ 
The General Electric Co. of Australia Ltd., Telecommunications Division, 
y Bibby Street. Chiswick, N.S.W. Rcj g 1B/35A 
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Takes telecommunications into tomorrow 
GEC-AEI Telecommunications Limited, Coventry, England 
YK>YK}K©/KW ·© A• }/Y8&·8 by 
The Genera! Electric Co. of Australia Ltd., Telecommunications Division, 
9 Bibby Street, Chiswick, N.S.W. 2046 1852 
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ever1 d wane to cope with up to eight 
at a time in each direction? 

withtheGEC 
_upper6 

microwave 
youcanl 

For high density routes, the GEC 
6·8GHz semiconductored microwave 

radio equipment can accommodate up to 
eight radio bearers in each direction of 
transmission, using a single antenna. 

Svstem The highly economical I ' frequency usage provides 
up to 16 x 960 high-quality speech 

channels in the same frequency spectrum. 

GEC MICROWAVE TYPE 68R9A 

Takes telecommunications into tomorrow 
GEC-AEI Telecommunications Limited, Coventry, England 
represented in Australia "\ · 
The General Electric Co. of Australia Ltd., Telecommunications Division, 
9 Bibby Street, Chiswick, N.S.W. 2046 IB/SOA 
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• ID 
B:589 

OLYMPIC CABLES PTY. LTD., 
Head Office: Sunshine Road, Tottenham, 3012, Victoria. 
Branches In all States. 

Olympic Cables play a major role in bringing you these essential services we take 
for granted. As a major supplier of telecommunication cables In this country, we 

are assisting to bring people of Australia and the world closer together 
for essential services and entertainment. 

There is an Olympic Cable for e•11ery purpose. 
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EAST-WEST ANTENNAS 

MADE IN AUSTRALIA BY ANDREW 

Precision 2 GHz antennas and elliptical waveguide for the E-W project were supplied, 
installed and tested by ANDREW. 

Our factory and laboratory in Melbourne uses advanced spinning and measurement 
techniques to make the most thoroughly engineered and the most accurately fabricated 
range of antennas and feeder systems avai I able to any system designer. 

ANDREW ANTENNAS 
171 Henly. Street, Rese;voir, Victoria 3073, Australia 
Phone' 460-1544- 46-4178, Telex 30840 
Cable: ANDANT, Melbourne 

,y 
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our lighting bugs 
take the bu s 

out of your lig ting 
lighting bugs, the new miniature lamps 
from Chicago Miniature Lamp Works 

· Chicago Miniature Lamp Works sub- wire material for optimum sealability and con­ 
miniature lighting bugs come in all . ductivity, and maintaining a highly efficient 
shapes and sizes. In fact, Chic. ago. Mini- . vacuum to assure lu.minous efficiency. These are 
ature offers more species than any other' - just a few of the design considerations taken 
manufacturer. For instance, T-¾, T-1, into account. 
T-1¼, T-1½, T-1¾ sizeswith standard Also, all T-¾ and T-1 sub-miniature lighting bugs 

wire terminals, axial leads, flanged or bi-pin base are aged for a minimum of 16 hours, then in- 
and a variety of others are available. divldually measured for candlepower. This aging 
But, variety is only half the story. Important and selection process was pioneered by Chicago 
things like selecting the proper glass composition Miniature and it means you get a more reliable 
to meet specific requirements, choosing lead lamp whatever your application. Aa Further information available from: 

(j F· ZFp% '!'!ti!'!n~.S~.'?o;/'T!!:e~!~;. Telex: RssJM • g Kemp Street, Woodville, South 
~ Australia Mcssp Telephone: j Mnl MJyt Telex: . RMRy • sl . ·Berke'lt'ly Street, Carlton, Victoria l cMl t Telephone: l j ngj gyt 

Telex: l cyj . • Queensland-Telephone: Jcn. cyJ • Western Australia-Telephone: RsnJ . gs t 
ESR6367 
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telecommunications is 
a product of the right people. 

/U§}K 8YK8} §z ·©W• }/Y\ YK_! Y! % 
8W� 8©6KW /K6U©·68& K_• ·>! K©/ ·© 
communications. 

( § ! KK/ /UK}K WK! 8©W} YK_• ·YK} /UK 
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safety first! 
when the situation 
demands correct 

1 1 eve 

control it with a 
NA ••• IN 
magnetic reed switch 

Switch held in operate position 
by magnet. 

Whether it be for stopping an elevator at the correct level, 
or maintaining liquid level in a tank or automatically 

switching on a bilge pump at a pre-determined level the 
HAMLIN REED SWITCH will perform millions of trouble-free 

operations. There are many thousands of applications 
employing HAMLIN REED SWITCHES.The list could be as 

unlimited as man's inqenuity in devising ways of using them. 
The dry magnetic reed switch is a simple, versatile control 

element, providing a high degree of reliability at very 
moderate cost. 

HAMLIN REED SWITCHES offer the largest selection 
obtainable, covering the widest variety of jobs, ranging from 

the simplest to the most sophisticated devices. 
We shall be very pleased to send you a copy of our "Where 

can Magnetic Switches be Used", Catalogue. 
You'll find it contains all the information you require to 

make your selection. 

This elevator has been accurately 
positioned at floor level by the 
controlling action of a magnetic 
reed switch as illustrated by the 
following diagrams. 

Li 
Magnetic shield 
::ached to ~!evator. 
© 

Elevator reaches correct level, 
magnetic shield allows switch 
to release and stop elevator. 

{iji;;\ THE COMPONENT DIVISION \!..!.Y!..J OF IRH INDUSTRIES LIMITED 

l Rcccal 



* ( : - ( - Q- S 9 5 5 ) 3 OS A( O9 3 b9 ) ] 3 AQ 9 N A) B( ] AQOA NK"Y• 8Y\ C syJ s 

F'or RF Shielding 
and Suppression 

consult BELLJ:NG & LEE 

e MODULAR CONSTRUCTEON 

e SIMPLE ASSEMBLY 

e MECHANICALLY ROBUST 

e TRANSPORTABLE 

e SHIELDED WINDOWS 

e NO-LOCK DOOR 

• SIMPLE ROUTINE 
MAINTENANCE 

e HIGH PERFORMANCE 

e WIDE FREQUENCY 
RANGES 

MODULAR SHIELDED ENCLOSURES can be supplied to provide RF interference-free conditions for 
frequencies to 35 GHz. 

IN SITU SHIELDED ROOMS can also be supplied where modular free-standing shielding is not suitable. This 
method completely shields an existing area of any size by following the contours of the interior. 

Mains interference suppression filters are fitted ~o all enclosures, current ratings from BA to 200A for single 
or three-phase operation. A variety of filters is also available for telephone lines, fire alarm circuits and signal 
or control lines. 

Belling & lee's world-wide experience in electronics has produced a design of shielded enclosures manu­ 
factured in Australia particularly suitable for local conditions. 

@BELL:ING & LBB (A'USTRALXA) PTY. LTD. 
Registered Office & Works: CANTERBURY RD., KILSYTH, VICTORIA. 3137. Telephone: 729 0621 
N.S.W. Branch: 25 BURWOOD RD., BURWOOD, N.S.W. 2134. Telephone: 747 3433 
W.A.. Branch: 24 LONGROYD ST., MT. LAWLEY, W.A. 6050. Telephone: 71 9726 
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i 
SIEMENS 

New equipment 
for testing 10,800 channels 

Applications: 
0 Measurement of level, gain and 
attenuation. 

0 Alignment of line equalizers. 
0 Measurement of Noise 
intermodulation. 

0 Return loss measurements. 
0 Spectrum analysis with switchable 
bandwidth. 

Features: 
°३~ Continuous tuning, no range 
switching necessary. 

0 Automatic tuning of Level meter 
from Level oscillator for selective 
measurements. 

°३~ Crystal-accurate frequency setting 
with attachment. 

0 Extension to a fully automatic 
set-up possible. 

0 Built-in sweep oscillator with 
constant output power. 

0 Provision for graphic recorder and 
headphone connections. 

Further information and technical 
data is available from: 

Siemens Industries Limited 
544 Church Street, Richmond, Victoria. 42 0291 

Siemens 100 MHz level 
measuring set-up SHAii 
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The family doctor 
oithe70S. 

The telephone won't
ask you to open your
mouth and say "ahh", but
with the help of a computer bank, it could
save your life.
Early last year, the Australian Post
Office began its Datel services for the
transmission of computer data over
telephone and telegraph. You just
dial a number and "talk" to your com­
puter.
At the same time, medical and computing
scientists in Melbourne developed the
world's first computerized medical records
system.
A person's medical record is compiled
from birth and stored in a computer bank.
The benefits are obvious. A -Melbourne

holidaying in Brisbane falls ill. The
doctor only has to dial the computer bank
for the man's complete medical history.
But the whole Datel scheme would have
been impossible without cable to carry the
voices and the data. Over 20 million miles
of wire cable have been laid in Australia.
As development continues, the demand
for cable will be even greater. Austral
Standard Cables are ready to meet it.

Austral Standard 
Cables-Pty. Ltd. 
Head Office: 325 Collins St., Melbourne, Vic- 3000, ~
Laboratories at Maidstone, Vic.
Works at: Maidstone and Clayton, Victoria; Liverpool,
N.S.W., Australia; and Hornby, Christchurch. N.Z.;
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BUSSMANN QUALITY FUSES 
for protection of Electronic Devices 

BUSS Quality fuses in ¼ x l inch, ¼ x l ¼ inch, and
miniature sizes, with standard and pigtail types avail­
able in quick-acting or dual-element slow blowing
varieties.

SOLE AUSTRALIAN DISTRIBUTORS 
BELLING & LEE (AUSTRALIA) PTY. LTD. 
Reg. Office & Factory: 
N.S.W. Branch: CANTERBURY RD •• KILSYTH, VICTORIA, 3137. TEL.: 729 0621
W.A. Branch: 25 BURWOOD RD., BURWOOD, N.s.w•• 2134 TEL.: 747 3433

24 L0.NGR0YD ST,, MT. LAWLEY, W,A, 6050. TEL,; 7t 9726

BUSSMANN QUALITY FUSEHOLDERS 

McCOLL POWER 
ACROSS THE NULLARBOR 

Specialists in Design, Manufacture and 
Installation of single or three phase gener­ 
ating plant and associated control and 
distribution equipment. 
• Fully automatic/manual prime and 

standby generating plant 2KVA to 
500KVA A.C. and/or D.C. 

• Fully automatic no-break and short­ 
break power generating plant 1 KVA to 
100KVA A.C. and D.C. 

BUSS fuseholders to cover every application. It includes
lamp indicating and alarm activating types, space-saving
panel mounted types, in-line holders, RFl-shielded types,
and a full line of military types. Most are available
with quick connect terminals.

SOLE AUSTRALIAN DISTRIBUTORS 
BELLING & LJ=:E (AUSTRALIA) PT'1i?'. LTD. 
Reg. omee & Factory: CANTERBURY RO., KILSYTH~ v1c1'0R1A, 3137, TEL.: 729 0621
N.S.W. Branch: 25 BURWOOD RD., BURWOOD, N.s.w., 2134 TEL.: 747 3433
W.A, Branch: 1.UONGROYO ST., MT, LAWLEY, w.A. 6050. TEL.: 71 9726

This self contained diesel generating plant 
provides 24V D.C. power via a bank of bat­ 
teries to the radio transmitter equipment 
at all non mains stations on the east/west 
link. Because of the remoteness of each 
installation, the equipment was designed 
to run unattended for 3 month periods and 
therefore has an adequate fuel supply and 
a lubricating oil replenishing system. The 
generator has a dual output and is rated 
at 4KW, 24V D.C. plus 2KVA, 24OV A.C. and 
the whole power supply system is capable 
of operating in an ambient temperature of 
ss-c,
Enquiries to: 

McColl Electric Works 
PTY. LTD. 

P.O. BOX 31, SPRINGVALE 
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Words are the essence of communication, used to convey every
idea known to man.

And getting the message across is the essence of our business at
L M Ericsson.

We make equipment to move words across an office, across a
city, or all around the world.

Our name means telecommunications in over 90 countries.
In Australia, 1959, the APO chose L M Ericsson crossbar

switching equipment ahead of all other systems in the world.
They decided to standardise on this equipment for the future

development of the public network ... in trunk, city, and rural
telephone exchanges as well as Telex exchanges throughout
Australia.

They've kept us very busy.
Meanwhile, our PABX systems for the private market have

been revolutionising business communications.
All this equipment is made here in Australia. And we're making

so much of it that L M Ericsson has grown by three factories and
three thousand people.

Very quickly.
Keep talking, everyone.

L M Ericsson Pty. Ltd.
Head Office: Broadmeadows, Victoria 3047.
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Contributing to 
Air Saf efy: - 
Cable Sfleathing 
of 

Nylon12 5 

Sole Agents in Australia and New Zealand: 
Robert Bryce & Co. Ltd., Head Office: Brunswick, Vic. 3056, 
145-147 Glenlyon Road, P.O. Box 169 · Melbourne, Vic.3001, G. P.O. 
Box180B · Redfern, NSW2016, P.O. Box 147• SI.Marys, S.A. 5042, 
P.O. Box56 · Alderley, Qld. 4051, P.O. Box44 · Perth, W.A; 6001,G. P.O. 
Box M 966 · Wellington, N.Z., P.O. Box 3747 · Auckland, N. Z., P. 0. 
Box 8590. Christchurch, N.Z., P.O. Box 1691 

The complex flight electronics 
of modern aircraft demand 
the greatest precision of manu­ 
facture and assembly. 
And absolute reliability of all 
materials used. Screened cables 
(for navigation, radio and 
intercom) sheathed in Nylon 12 
ensure this kind of reliability. 
They are highly resistant to heat 
and cold. The double Nylon 12 
cover protects the cables against 
mechanical damage (abrasion). 
Its high resistance to acids, 
fats and oils offers dependable 
protection against interference. 
Nylon 12 Huls the engineering 
plastic for extreme duties. 

~ ~~~ 
~~111ic ,ised:~agera _ 
~---------------~--------=-=
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CHEMISCHE 
WERKE HOLS AG 
D4370 MARL 

I Robert Bryce&Co.Ltd .. 
Brunswick, 

I Vic. 3056, 
I 145-147 Glenlyon Road, 
I P.O.Box169 

:wloaI tZ 

I -I

Please let me have 
details on Nylon 12 HO!s 

8G/3978E 

Name Position 

Company 

Address 
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t 
SIEMENS 

Good contacts 
are important to us 
This is why our coaxial connectors 1.8/5.6 (50 Ohm) and 
1.6/5.6 (75 Ohm) conforming to DIN 47295 (IEC recom­ 
mendation in preparation) show constant characteristics 
even under great mechanical stress. They prove them­ 
selves day after day in our carrier telephone and radio 
equipment. 
There are three special requirements for coaxial connec­ 
tors when transmitting television programmes over radio 
links, or transmitting 10,800 long distance telephone calls 
simultaneously over coaxial cables. These are: good con­ 
nections ... low coupling impedance ... and low reflection. 
Siemens coaxial connectors 1.8/5.6 and 1.6/5.6 meet 
these requirements. 
We supply coaxial connectors in many different designs 

and for various applications, such as plugs and jacks 
(both angular and straight) for slide-in units or for plug-in 
terminal panels, for cables with screw locking facilities, 
and as U-connectors with rigid or variable pin spacing. 
Accessories such as adaptors, terminations and coupling 
units for connector size 2.5/6.0 complete our range. 
Further information regarding the extensive range, of 
Siemens coaxial connectors is available from: 

Siemens Industries Limited 
Melbourne: 544 Church Street, Richmond, Vic. 42 0291 
Sydney: 383 Pacific Highway, Artarmon, N.S.W. 439 2111 
Brisbane: 294 St. Paul's Terrace, Fortitude Valley, Q'ld, 51 5071 
Perth: 35 Great Eastern Highway, Rivervale, W.A. 6 2703 
Newcastle: 16 Annie Street, Wickham, N.S.W. 61 4844 
Adelaide: H. G. Pank (Electrical) Pty. Ltd., Adelaide, S.A. 51 2416 

Siemens 
Coaxial C6nnectors 

SH410 
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and that is why major
Australian and Overseas
manufacturers rely on
Hy-Q to solve their crystal
supply problems.

Do you have a Crystal Problem too?
Send for crystal brochure No. HQ 003. 

xvii

Australia's largest independent crystal manufacturers. 
Write for details. 

Hy-Q Elect,onks P<y. Ltd. 

AGENTS: 

HQ 03 

10-12 Rosella Street,
P.O. BOX 256,
Frankston, Victoria, 3199.
Telephone 783 9611.
Area Code 03.
Cables: Hyque Melbourne.
Te!ex 31630.

NSW: General Equipments Ptv. Ltd , NT: Combined Electronics Pty. Ltd.,
Artarmon. Phone: 439 2705. Darwin. Phone: 6681.

SA: Genera! Equipments Pty. Ltd.,
Norwood. Phone: 63 4844.

WA: Associated Electronic 
Services Ptv Ltd., 
Morley. Phone: 76 3858.

Publications of the
Telecommunication

Society of
Australia

TELECOMMUNICATION JOUR­
NAL OF AUSTRALIA (3 per
ye!lll')

Annnal Subscription
Single issues (recent)

Aust,
$1.50
$0.70

O'seas
SZ,40
$0.80

AUSTRALIAN TELECOMMUNI­
CATION RESEARCH (2 per
year)

AnnW!f SubscriptiOQ $2.00 $2,118
Silll!le issues $1,:ZS $1.40

AUSTRALIAN TELECOMMUNI­
CATION MONOGRAPH No. I

CalcufatioQ of Overflow Traffic from
Crossb..- Switches $1,00 $1.ZS

AUSTRALIAN TELECOMMUNI­
CATION MONOGRAPH No. 2 

Symposium on the Preservative Treat­
ment of Wooden Poles

$1.00 $1.25 

AUSTRALIAN TELECOMMUNI­
CATION MONOGRAPH No. 3 

Symposium oo Power Co-ordination
and lightning Protection

$1.00 $1.ZS

Australian residents apply to:
State Secretary,

Telecommunication Society
of Australia

Box 6026, G,P.O., Sydney, N.S.W.
2001; Box 1802Q, G.P.O., Mel­
bourne, Vic., 3001; Box 1489,
G.P.O., Brisbane, Qld., 4001; Box
1069J, G,P.O., Adelaide, S.A.,
5001; Box Tl804 G.P.O., Perth
W.A., 6001; Box 1522, G.P.O.,
Hobart, Tas., 7001.

Overseas residents apply to:
The General Secretary, Telecom­
munication Society of A~tralia,,
Box 4050, G.P.0., Melbourne,
Victoria, Australia, 3001, or
Agent for Europe, Mr. D. Mc­
Bride, Canberra House, 10-16
Maltra-vers St., Strand, London,
W.C.2, England.
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VACUUM ENCAPSULATED 
TRANSFORMERS &SOLENOID 

COILS for Adverse Environments! 

Vacuum epoxy 
resin encapsulated. 

As supplied to Federal and 
State Govt. Depts. and Industry! 

A & R TRANSFORMERS PTY. LTD. 
30-32 Lexton Road, Box Hill, Vic. 3128. Ph.: 89 0238 

SALES OFFICES 
VIC: 30-32 Lexton Rd., Box Hill. 89 0238. SA: 470 Morphett St., Adelaide. 
NSW: 82 Carlton Cr., Summer Hill. 798 6999. 51 6981. 

INTERSTATE AGENTS 
GLD: R. A. Venn Pty. Ltd., Valley. 51 5421. 
WA: Everett Agency Pty. Ltd., West Leederville. 8 4137. 

BREAKTHROUGH 

lRIMAX . . 1· 
The outcome of 18 years' experience in the field ... and a logical · 
development from the famous 'Trimax' G1 B instrument which has 
become '" accepted standard by many supply authorities and qovern 1on1sa 100 
ment departments as well as-numerous industrial users. I I
The 'Trimax' G85 Ionisation Tester is an extremely useful instrument for the 
non-destructive testing of insulation and for detecting fluctuations in leakage 
current. An internal loudspeaker, or alternatively a sensitive meter, enables direct 
reading of leakage currents of about 50 nanoamps. Silicon transistors, integrated 
circuits, high '"'"'' components and complete enclosure of the high voltaqe circuitry es er 
ensure long-term stability and reliability. 
L M ERICSSON PTY LTD I TRIMAX DIVISION- I CNR CHARLES ST & WILLIAMS RD N, COBURG I PHONE 35 1203 
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From today all professional and 
industrial electronic valves 

and tubes made by 
ENGLISH 
ELECTRIC 
VALVE 
CO LTD 
Chelmsford, Essex, England 

will be marketed and serviced by
EEV'~ Australian associate and sole 
representative 

GEC-ELLIOTT AUTOMATION PTY LTD 
Electronics Division 
15 Whiting Street, Artarrnon. 
NSW 2064 Tel 439 1922 

~ lfii COMPANY 

Power valve~. microwave products, camera 
tubes and light conversion devices. vacuum 
capacitors and cold cathode tubes 
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ABSTRACTS: Vol. 21, No. 3 
BROOKER, E. L.: 'Antennas and Feeders'; Telecom. Journal 
of Aust., February 1971, page 72. 
The paper outlines the electrical and mechanical design

of the antennas and waveguide and of the incidental
hardware. The performance and configuration of the test
equipment is discussed in some detail. The specification
for antenna and feeder VSWR and that of the combination
is given, together with an analysis of the performance
actually achieved on all 142 cases. Figures are also given
for the gas leakage rate and the effect of waveguide
hangers.

An outline is given of the installation programme includ­
ing staffing and equipment complements, environment
problems and special installation techniques. Particular
mention is made of the procedures for bending and lifting
the 2 GHz elliptical waveguide to avoid degradation of
VSWR.

BYCZYNSKI, A. Z.: 'Testing the Prototype Equipment'; 
Telecom. Journal of Aust., February 1971, page 16. 
Purpose of test of tenderer's production model and the

final East-West prototype developed from it is briefly
outlined. Special facilities for testing both models in the
Radio Section Laboratory and programme of tests are
described. Tests results, together with recommendation
regarding required modifications to the equipment, are
briefly discussed. Finally, joint A.P.O.-B.P.O. inspection
and test of the East-West production equipment in the
manufacturer's factory at Coventry is briefly discussed.

ELLIS, A. G.: 'Service Aspects'; Telecom. Journal of Aust., 
February 1971, page 95. 
This paper discusses the basic maintenance philosophy

of unit replacement in the field and equipment repair at
special centres. Some detail is given on estimating spares
quantities, the transportation of these spares and bearer
reliability.

FAULKNER, A. H.: 'Operation and Maintenance'; Telecom. 
Journal of Aust., February 1971, page 99. 
The paper gives a description of the facilities provided

for the maintenance of the East-West microwave system,
with a summary of maintenance experience during the
first months after commissioning.

HOLDERNESS, A. L.: 'Power Plant'; Telecom. Journal of 
Aust., February 1971, page 80. 
This article describes the power supply systems and

equipment developed to supply d.c. power for the East­
West broadband radio relay system. It covers the design
of power equipment for remote areas where commercial
mains are not available, and in particular it outlines the
design and development principles used in incorporating
diesel generators, wind driven generators and lead acid
batteries into an integrated power system.

HUDSON, M. H.: 'Installation and Commissioning Require­ 
ments'; Telecom. Journal of Aust., February 1971, 
page 53. 
This article describes the plan, its evolution, and exe­

cution, and deals with aspects of the operation which
were unique to the East-West project. The plant and
organisation associated with field activities are also empha­
sised.

HY AMSON, H. D., et al.: 'The Desi§n and Development 
of the Radio and Associated Equupment'; Telecom. 
Journal of Aust., February 1971, page 24. 
Described in this article are the design and development

details for the all-semiconductored equipment which pro­
vided the reliability and low power consumption so essen­
tial in the 2 GHz 600 channel East-West radio relay
system.

KELMAN, R. N. and HOLMES, H. E.: 'Stressed Rock 
Anchor Antenna-Support Towers'; Telecom. Journal of 
Aust., February 1971, page 59. 
A completely new type of tower foundation requiring

extensive preliminary development was used at 40 of 60
sites on the East-West route. The design, development
and construction of a stressed rock-anchor type foundation
is detailed in the article. Brief mention is also given to
the tower and waveguide runway design.

RICHARDS, R. W., and DONOVAN, J.: 'The Prime Con­ 
tractors Role'; Telecom. Journal of Aust., February 1971, 
page 4. 
The article includes a schematic of the system and

illustrates one means of contract co-ordination employed
by a company that has experience in overseas 'turnkey'
contracts. An outline is given of the company's efforts
relating to pre-tendering investigations and post-contract
organisation associated with the East-West project.

ROBERTS, D.S. and PUGH, S. M.: 'A.P.O. Project Manage­ 
ment'; Telecom. Journal of Aust., February 1971, page 
8. 
This article lilustrates the A.P.O. Headquarters and field

aspects associated with the provision of sites, roads, com­
mercial a.c. power, buildings, contract supervision and
field inspection. The overall programme, cost estimates,
staffing and proposals for in-traffic measurements are also
detailed.

THOMAS, D. S., and SIGAL, B. M.: 'Environmentally Con­ 
trolled Equipment Shelters'; Telecom. Journal of Aust., 
February 1971, page 66. 
The successful completion of the East-West project has

proved that the use of industralised transportable light­
weight equipment shelters offers a practical solution to
the problem of equipment accommodation and environ­
mental temperature control in remote areas. This article
describes the design, manufacture, transport and creation
of the sun-shaded thin walled metal radio equipment
shelter.

TOMLINSON, J. and SLATTERY, R. D.: 'Thermal Design 
of Naturally Cooled Shelters'; Telecom. Journal of Aust., 
February 1971, page 63. 
The need for a specially designed equipment shelter

because of long stretches of uninhabited country and wide
range of climatic conditions, is described. The philosophy
of the sun-shaded thin walled metal shelter evolved by
the A.P.O. is outlined and the prototype test objectives
and results to prove the basic design idea, are given. The
shelter, as finally manufactured, was based on the thermal
design described in the article.
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..... Via 42 "solid-state" microwave systems. 
Long and short hauls. Line-of-sight or over-the-horizon. 
Large and small channel capacities. And more. Your 
choice. 

Because all systems are solid-state (except some with 
TWT's and klystrons), they are easy to install, maintain 
and operate. At low cost. Constant and reliable service 
is assured. 
We offer you 42 complete systems being available by 

flexible combination. 
• Frequency range covering from 2 to 18 GHz 
• Channel capacities from 60 to 2700 
• All systems designed for trunk line circuits meeting 

CCIR and CCITT Recommendations 
• Over-the-horizon systems of OH 900 and OH 2000 
Domestically, 95% of the public microwave network 

and 78% of the private microwave network are NEC­ 
equipped. An impressive market share considering Japan 
is the second largest user of microwave systems. Aus­ 
tralia, Brazil, Iran and Mexico are among the major pur­ 
chasers of our equipment. We've installed over 137,000 
RF channel kilo meters overseas in these and many other 
countries. 
As one of the few manufacturers producing all kinds 

of telecommunications and electronics equipment, NEC 
provides the total systems for satellite earth stations and 
subsystems compatible with existing communications 
facilities, satisfying the requirements recommended by 
ICSC. 
NEC has the experience and know-how to advise on 

all problems in the field of telecommunications and 
electronics. 

NEC Australia Pty., Ltd. 649-655 Springvale Road, Mulgrave. Victoria 3170 Australia Tel: Melbourne 560-5233 

Products for today­ 
Innovations for tomorrow 

NEC 
Nippon Electric Co.. Ltd.

P.O.B011: I ,Takanawa.Tokyo,Japan 
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