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THE TOOLS OF THE RADAR SYSTEM ENUINEER 

PBE RELATIONSHIP OF THE SYSTEM ENfliEER TO THE 
DEVELOPMENT PROGRAM 

A project normally proceeds thz'ough three phases of 

en\1neering. The preliminary design is primarily the 

development of a sales document to obtain funds authoi'tu- 
tion for a project; it i an effort to develop the useful 
value of the product and. the estimate of cost. Th 

development proram involves primarily model shop type 

production with fairly completo engineering drawth:s but 

with a minimum of tooling; a small number of workinF models 

are required fc functional test, for testa under extremes 

of environment and for determination of customers informa- 

tion 8UOh as outline and installation details, weight data, 
and power requfrernents. The engineering part of t 
production phase involves engineering for eoonomtesl 

quantity production, detailed maintenance and servteing 
manuals, spare parts stocking and cataloging, and training 
prorams for operators and servicing personnel. 

The system engineer contributes to system-wide plan- 

ning and records and extends the planning in the form of 

system specifications, drawings, etc.; he reports to the 

project engineer. Es is not responsible for major system 

decisions; these ere the responsibility øf the project 
engineer. He is not responsible for highly technical 



decisions; these will be handled. b appropriate staff 
engineers or specialists. 

In addition to the system coordination work, the 

system engineer may be directly responsible for the design 

of such items as: 

Junction Boxes 

Interconnecting cabling or harnesses 

Cooling system 

Racks, cases or mountings for major units 

Shock or vibration isolation systems 

Standard parta to be used throughout the system. 

The system engineer should maintain close liaison 
between tbe unit engineers with regard to interconnections; 
between the unit engineers and the company staff engineers 

or specialists on technical problems common to several 
units (probably In cooperation with the project engineer); 
and between the unit engineers and customer on special 
requirements as directed by the project engineer, 

The project engineer is responsible for scheduling 

but the system engineer should make sure that the inter- 
change of information, the release of system drawings, 

design freeze dates, etc. are consistent with the 

established schedule, and that releases of information 

meet the customer's requests and report or publication 
deadlines * 



ORANIZATION OF GRAPHIC MATERIAL 

The ability ot an engineering group to 'work toethcr 
smoothly depends to a considerable degree on the extent 

thel work separately; it the tunctton nd physical 

requirements ot each unit of the system are clearly 
described, the unit engineer can give his full attention 
to the development ot hie unit; otherwise he would have to 

interrupt his work continually to consider other units. 
The principal tunction of the system engineer (with his 
helpere) is to creato the appropriate information and to 
keep it up to date. This material should be in a form 

convenient for reference; yet it should be as explicit as 

needed by the unit enineers, The organtzation of this 
tnformation requires the use of considerable ingenuity in 
the mediums and presentations to be employed. Drawings, 

written speotfications, schematic dIagrams, photographs, 

and models or mockups are all of use; some of the more 

useful will be discussed in following sections of this 
paper. 

in regard to written material, few engineering groupa 

have adequate secretarial assistance. An experienced 
secretary of aufficient competence can relieve the 

engineers of a great deal of work and insure a better job. 
Certainly any material to be presented in written form 

should be prepared carefully and brought up to date 



frequently, In addttion to eornpiianci with. sny secrecy 

requirements that ny be imposed by reason of military 

security or otherwise, important documents or specifica- 

tiona should be diatributed und*r contzol sufficient tc 

enable the revision or replacement or out-of-date 

material. While the system engineer dosa not set up the 

requirements for secrecy and control, he certainly must 

adhere to them and should cooperate in maintaining and 

following the necessary "red-tape'. 

Drafting assistance is almost a necessity for groupa 

involving more than three or four engineers. Pencil draw- 

ings are suitable, but the following points contribute to 

the smooth progress of the job: 

1. The pencil linen should be heavy enough to 
print clearly; semi-legible prints should 
riot be tolerated. 

2. The drawing should be signed and dated by 
the engineer responsible revision dates and 
approvals should be shown for each change. 

3. Prints should be obtainable by a drawing 
number (engineering sketch numbers are often 
used), The central source should be in or 
close to the group. 

4. The classification (if military "security 
information" if involved) should be marked 
on the original prior to the first printing. 

5. Prints should be distributed under sufficient 
control to enable them to be replaced when 
revisIons are distributed. (ThIs is 
frequently combined with the procedure 
required for "classified" material.) 



M03t engineer8 lack training in the techriiue of 

presenting material in cmatie form. While the basic 

aymbols for radio uso are well established in the ourront 

ASA bulletin (1), the usase of these srmboia is not uni.. 

form, The armed services have issued a guide (3) which is 

or aonio help on sybo1s, but little information is avail 

able on accepted standards for electrical circuit 

schematics, and even less s available on the other 

diaraxns discussed. 

The layout of a schematic cannot be loft to a 

draftsman; the engineer niust supply this since it must ex 

press the workings of the circuit rather than the eleo 

trical connsctions (4, p.42) (5, p.19). 



TOO OF TIBE JYST EN(INEER 

Funotiora1 Block Diagram 

The first step in organizing the engineering team is 
the developnient of a simple block diagram showing the 

functions needed in the sy8tem. Figure 1 shows an exampLe 

of such a diagram, In many cases this diagram will have 

been inherited from the preliminary design phase of the 

job; in any event it 8hould represent the plans to be 

detailed by the development group. It should indicate such 

majoi functional units a3 transmitter, automatio ranging 

circuits, etc. 
Almost from the beginning, the block diagram should 

be made explicit in regard to the nature of the signal 
interconnections, at least to the extent of specifying 
whether do, r'.f, pulse, etc. Thiring the development 

period, the simple block diagram should evolve into a more 

elaborate drawing showing: 

i. Physical breakdown into major Uflit8 and 
subas sembijea. 

2. Full list of signals in snd out of each block. 

3. Estimates of power requirements -tpea and 
quantities. 

4. Estimate of woi4it itse cooling requirs- 
ments, etc. 

An example of such added information is shown in ?igure 2. 

At the time that the system block diagram is being 

expanded, each of the blocks will be broken down into its 
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functional parts and the unit engineer will, very likely, 

make up his own detailed block diagram for the unit in 

question. Figures and 4 illustrate such a breakdown, 

The unit schematic finally takes form as illustrated in 

Figure 5, and at this time the final system schematics can 

be undertaken. 

Fainil Tree 

As socm as the physical breakdown in Major Units and 

roplaceable aubasomblies is determined, a "Family Tree" 

drawing la useful in showing the breakdown. An example is 

shown in Fire 6. Each unit or assembly should be given: 

1. Its identifying name and/or nomenclature. 

2. The asìemb1y or part number. 

3. The number of ita functional schematic, it efly. 

4. The component identification number serios, it 
any. (See Appendix I) 

5. Identification as "Purchased Part" if applicable. 

6. Classification, if military security requirements 
are involved. 
(If a "Secret" subassembly is used, all higher 
order assemblies must either omit the classified 
information or also be classified.) 

Detailed System Signa). Schematic 

Such a comprehensive schematic will usu ally be under- 

taken £fter the system planning has con:ealed--that is, 

when a detail schematic is available for each unit of the 

system. The purposes or such a schematic are to provide a 
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quick reThrenee for important details of the sy$tem, to 

describe the system to thforrned engineers outside the 

group, and to provide source material for reporta or the 

instruction book. 

An example of a portion of such a schematic is shown 

in Figure 7. The functional blocks should each represent 

only one important functional element such as a tube, 

relay or switch, sia1 transformer, signal filter, mixing 

device or network, control, system adjustment, etc, Ali 

signals, interlocks, and important feedbacks should be 

shown to describe the bssic function of the components 

shown. Relays and switches should show how they influence 

the system operation not necessarily how the relay or 

switch is operated. Biasing resistors, bypass capacitors, 

and anti-parasitic filters are examples of items not as a 

rule necessary on a signal schematic. Important components 

should be clearly identifted; the code shown in Appendix I 

is convenient for this purpose (2, pp.4-6). 

By moans of '1daah-line" boxes the physical location 

of each function can be clearly shown; the box should be 

identified by its subassembly name and part number and 

reference should be made to the subassembly schematic 

.rawjn g number. 

Since this diagram is the final "paper buildups' of 

the system, it will serve to check the major system con- 

nections, and should indicate the test points and 
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adjw3txnents to be uied vrhen the ystani is coupled together 

for its conposite te3ts. 

Per Distribution Dia'arn 
This diarani should show the origin of each type f 

power, where it is cansuned, the control switching 

i'squired, the routing of the leads, the ciwrents trans- 

atted, the r-f fi1tezs required, porrìanent meters, 

voltage regulators nd their adjustments, and test jacks 

ror reasuring current or voltage. An exaaiple is shown in 

Figure 8. 

Relay Switching Diagram 

The purpose of this diagram is to show wh*t operates 

the relays--not what the relays switch. An example is 

shown in Figure 9. Care tiouid be taken to show every 

interlock clearly. (in this regard, the simplest system 

is most likely easy to dtaram; a needlessly complicated 

system invItes trouble whenever a fIeld crew undertakos to 

diagnose a ìwitch1ng trouble,) Generally speaking relay 

coil connections should be drawn out in full; it is also 

helpftl to show all of the contacta ioz' each relay with 

identifying notas or nomenclature for each pois. The 

standard symbols for relays ahow contacts in the energized 

position regardless of whether or not the relay is 

energized during 'nornial1' system conditions. Relay coils 

should be identified clearly. If the "K" number 
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nörnenolature Is used (A.pendix i), that will serve t;o 

identiry the unit or subasseably in which the relay is 

located. 

Servo Loop Diagram 

Since many o the components of A servo syatem will 

b scattered throughout the system, a diagram sImilar to 

the one ihown in Figure 10 be useful to record the 

details of the data tranamission aystma and the location 

of the principal components of the system. Items of 

interest are: 

Types of wiring or transmission line 

Location and types of amplifiers, demodulators, etc. 

Indication of gain factors, etc. 

Switching requirements 

Networks or filters, with cut*off, pass band, etc, 

Routing of signal leads 

Data Transmission ysten 

In the c&so of Selsyn (self syncronous a-c) or 

resolver data systems, a separate schematic may be worth- 

while to show carrier phase correction, limiters, isolation 

transformers, repeaters (amplifiers), groi.inding and shield- 

ing, or the like. This is especially true if a portion at 

this system lies outside the limits of the development 

task. 
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T.nio Soqunce Chart 

r the timo ectcrcing of the system is at ail 

complicated or unusual, a chart can be made up showing the 

portions of the system switohed on or off by each step In 

sequence. in some cases this chart on he combined wtth 

relay or swItching diagrams. In assignIng nomenclature the 

following points should be observed: 

1. Distinguish between a switching "Instant's 

and the period of operat1or f ollowIn, i.e. 
between "Filaments On's and "Standby". 

2. Identify relay control leads, If enerized 
during a period of operation, by the period" 
name, i.e. "Search'1. 

3. Identify short duration switching signala b 
the name of the swItching step, I.e. "Stop 
Search". 

HeatIng or Cooling System I)iaram 

If the system utilizes elaborate heating or cooling 

systems, a simple line diagram with suitable notes should 

be valuable in presenting and recording the basic system. 

The means al' control and the principal specifications 
should be shown. 

Outline DrawinTs 

Perhaps the most neglected of all the system draw- 

ings are the outline drawings. In the case of ub- 
assemblies, the outline drawings provide the inforxration 

needed by designers of the higher order unit. In the case 

of the major units, the information is needed for 
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installation studies and drawings and for the customer's 

information. These drawings should be issued early, in 

skeleton form, under sufficient control to permit their 
recall or revision. An example is shown in Figure 11. 

The principal requirements of an outline drawing are: 

1. At least two views are necessary, three or 
more if the object is not simple in form. 

2. Overall dimensions should be :r;iVen 83 maxi- 
mums with a generous allowance above the 
largest tolerance accumulation, 

3. Mounting hole dimensions should be given 
in the form of a drilling layout with 
tolerances and hole diameters specified. 
Other mounting information should be 
presented in equally explicit form suit- 
able for the customer's use. 

4. Clearances for opening doors, connecting 
cables, air flow to intakes, travel on 
shock mountings, access to adjustments, 
etc., should be both pictured and noted. 
(These are the most common lacks on outline 
drawings.) 

5. The weight and the location of the center 
of gravity should be shown. 

ô, Electrical connectors should be clearly 
identified, if possible, both by identifying 
the receptacle and by a "Mates Wttb' note. 
A cabling drawing may be referenced if the 
connections are elaborate. If military 
nomenclature is used, the receptacles should 
also be Identified by the appropriate 'J" 
number (2, p.5). 

Cabling and Harneas Diagrams 

When the time comes to assign plug and pin numbers 

to the input end output leads from a unit of the system, a 
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025 0 OUTPUT O r O -C-13 (2)- 
02$0 VLANT { o i o. -C-$4 (2)- 
027 0 CAR1ER ON - O I c 

2.2 GRO&flO - C O C(9 (2)- 
i 

550 voLrS alwiN 26O-C25(3) 
VOLTS 

{ 

c (Z) - 
I 55O voLrs OUTPUT 3øcD-.C-ZE. - O '2 O . C-16 (3)- 

ro GROUND TWQOQGH J-110 - 0130 
SPARC - 0140 

'350 VOLTS - O is O C-23 (3)- 
TRANSMITTER 0i60 

PANEL B NF PROSE{ 
0 i? O 

SPARE - OieO 

- 
IS VOLT A-C INPUT G -O2C 

C) 119 (Z)- 
o A C ILO*ER 

- 
I 0 4 -62l (2)- 

050 -I-23 (Z)- 
s, A-C All NTERLOCK{ 

c -8-20 (2)- 
( C, 

.. - C 
rs.) : -0I0 

; -090 
,._ 

p -OiOO 
C- OlIO I5 (Z)- 

OlIVER F(LANT 
-I- £ - 0)20 94 (2)- 

: 

- 

013C .97 (2)- 
POWER SUPPLY 

OUTPUT (LALNT 
- oìsc -e-. (2)- 

N(LC - Al2 (2( 
63 VOLTSt 

0)50 .)( (2)- 
- 

0)60 :4: 
I S (2 (2)- 

- 
Oi?0 A-9 )2) 

6 3 VOLTS( 
I - 0)60 A-lO (2)- 
I -A-4 (2)- 

GIOUNO - O (90 D- (Z( 

I 

-LOW VOLTAGL - 0200 '(3) 

I" VOLTS - OZiO A-7 (3)- 
,2SO VOLTS - 0220 - A-6 (31- 
'350 VOLTS _ 0230 -e-IS (3)- I-550 VOLTS - 0240 -8-4 (3)- 

I 
'SSO VOLTS DRIVEN - 0250 -I-21 )3( - 
550 VOLTS OUTPUT O9O - I-30 (3) 

0270 ISPARES 
--__--_-- --__ 

CONNECT TO 

°1T r 
S.2O.-f f.zic 

I- S CLZ-)) U 

' 

I-.., 
-.---z- (2) 

.{ 

E NOTES 

I' 
CZ-) (2) 

I ., 

117 O-Z 14 (S)- 

I CI O-Z-7 (2)- 

cl Ç-.-Z-)9 (2) 

L 

TO J-44 I 1O/-43 
(I) 

,' 
-6O (Z)- 0)0 

}STATIONMOUNO -z-. (j! Dzo 
-A.-) D S O 

(4) - 040 
} 

ALIO)O OUTPVT 

-A3 050 
OSO 

-D-S (2)- 070 
(T( CARRIER ON -z-2 (3)- 050 

-'-(E(4) 
090 

- - 0oc, :)ONT 
-I., 0ii0 

jl2O 

-I-)I(S)-f-. 

-t 

OiS 

} 
9. t OtdITOR -617(5) 0i4 

o 50 

ois 

-C-) (Z)- .0)7 
, 

IISVAC INPUT -c-z (2)- 0I9( 

O2OC -i 
OZi O 

0220 
0230 
0240 

oteo 

0260 
0270 

2Sl 

0250 
0300 
Olio 

032' ' 
'SEE NOTE 4 

. 

034' 
-OSSO 

(360 
o sio 

O 360 

,_,,o 

4O0 

WIRE PILL. 743245) 03 AND G-4 

WIRE LEGEND 

D SP __________ 
(2) 8026-5 26 01 COPPER CASLÍ WHiTE 

(3) 6026-5 (0 0) COPPER CA6LE WHiTE 
(4) 6026 -f3 7 O) Z CONDUCTOR Ci) CAlLE SHiELDED WHITE 

(S) 
6026 IZ 7 - O) I CONOt/CTOA Cu CAALE SMI(LOfO-WH1T( 

(( 9263 COAXIAL CAlLE RG I/U 
.L!ì_ (RfFEAP*E WIRE SiLLi 

(i CULE (PTS) FROM J-43 ro j-3h TO 9E A5$EMILED PER PT II 
PT 3 5 J-43, PTS 2 ANO (4 ARE J31i 

(2) CAlLE )PTC1 fNOM J-44 TO JIZ4 TO 8E ASSEMIL(O PER PT II 
PT)3 IS J-44 ANO PT i? IS JI24 

(3) FOR THE ASSEWSLY OT WINE (4) AND (5) REMOVE OUTEN JAChT 
FON 2 INCHES FROM ENO, IE'NG CAREFUL NOT TO NICh BRAID 
COMB OUT RA)D AND TWIST TO FORM CONDUCTOR USE TUBING 
(PT i?) AS COVERING TOR TWISTED BRAID DRESS fY40 OF OUTER 
JACKET WITH TAPE (PT (S) 

(41 USE PT IS OVER CAlLE LOOP AS A PROTECTOR SECURE [NOS 
WITH PROPER TINNERMAN CLAMPS 

(5) REMOVE JUMPER (3) ON TRANSMITTER TO IO BEFORE CONNECTING 
WIRES 

WHEN WIRED FOI SWINGiNG DOOR TYPE CAI1N[T, PT5 SHALL 
WIRED 45 SHOWN (N Z ANO NOT AS SWN (N 

r') 
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cabling or harness diagram similar to the example $hown. 

in Figure 11 may b mp1oyed to reoord th8se thta. Care 

should be enp1oyed to avoid excssive voltage gradients 

between adjecent pins and to euard high impedance circutte 

from ac or noise pickup from adjacent pins. A little 

common sense early may head off difficulties at a later 

date, 

Whenever possible, leads should be identifIed by a 

descriptive name such as "115v 400C" or "Range Voltage'. 

If the diagram is too coapl.z to permit drawing; each lead 

separately, each cable or wiró bundle can be drawn as a 

heavy lino; however, each conductor must then be Identified 

also by its destination, for example to tP8lO48T, meaning 

the wire goes to pin 8 in plug P3104. 

List of Purchased or Standard Componente 

For the purpose of achieving reasonable standardiza- 

tion, a preferred parts lIst should be prepared for semi- 

standard parts (especially purchased parts) and the design 

for each unit should be checked by the unit engineer for 

appropriate use of these semi-standard parts. It ta 

necessary to check these lists against company standard 

parts lists and in many cases against the cutomr 

preferred. parts lists or specifications. 



oo1CUp5 

MO(kUk)3 xpeniv to mko, ditfiit to keep up 

to uato, ad f dub.Loua aecuraoy. however, manj layout 

probienis cari be handled befit by means or xuockupa. 3uith 

mockupa can often be vr simple affairs, $ometinies at 

reduced scale. One problem that oftm cone up is whether 

a subassembly can be removed through a specified opening. 

ince it is difficult to determine on the drafting board 

such tactors as hand clearance for releasing fastenor or 

Thr juggling the subassembly out through the opening, a 

full.size mockup oli the openin and of the subassembly can 

be of considerable use. 

Â fuli.soale elaborate mockup may be necessary for 

reasons other than the problems of engineering the equip* 

ment; on most projects there is a steady stream of VIP's 

and the mockup serves to fill the gap in the program when 

no hardware exists in a form suitable to show off. A good 

presentation will pay off in two ways: first, it onablee 

the sponsors of the project to follow the planning ork; 

second, the customer's technical staff can better determine 

how the details of the system should be worked out to make 

the equipment suitable from their viewpoint. In other 

words, a good mockup should help to keep the money coming 

to complete the development and hould help to improve the 

saleability of the equipment. 
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CONCLUSION 

The offorts of the system engineer should be direct- 

ed toward the following three objectives: 

1. The system is to be hooked up on paper 
bef oro tho construction s cor!lpleted. 

2. Coordkìation in the engineerthg oup is 
to be facilitated by maintaining con- 
venient reference material. 

3. The system plans are to be summarized 
in a form suitable for evaluation by the 
customer 's representative. 
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MIL-STD--I 6A 
9MyIfl3 

0 63 Mphabetkally by Istt.rs. K R..y (.scti4csfly spurad 
Claws of ¡*i-ta axe marked with an aster- 

isk() to facilitate designation of p.rts ot L Cbok.; Icsdh c.&1; v.y spur- 
; ,. -; t 

apeciñc&lly included in thu ¡lit. In eas o( .. 
; 

âi 
doubt, a letter or letters afresdy a..igued to 

; sp... 
the part or thu most .in4lsr in functos . Mf; csck ; I.. 4v4); 
should b. iiasd. .4ap.sd t. rs.4sj; ga.; hiwmt; 

A Struetursi psrt; ounti (aol n siI S1' T ; ssdUu ; .ss- 
cirujt a*d noi s usáat). 

AR Ampti.r, ssctru tab. ur tzusIoi. MG )(TfSMT$tOf. 

AT Att.nu*tor ; psd. r.uat1vs turatss. -- P°' ; 
tho.. tz*r. 

E BIow.r ; fan ; o'or ; prim. m.Iur ; r.ssvsr ; ' pu.rt .ucb a. : bust- 

ayacbro. ing; eopHn; gusr; tMurloá; 

PT Battery. .M*ft ; vlbrstor rust 
C Cspstitor; capacitance bvahing. T Moás tr.n.due.r. 
CB Cireut breaker. N Churt; str. 
CF Coupling (aperture, 'oop. or probe) ; cosxiaJ P £I.CtTk*1 eonurtor, .sbus (sd t. 

or waveguide Junctâus (tus or wy.). end of a bk, .x1bi. euszI li, 
CR Crystal detector ; crystal thods ; 

crystal unât; ootd or wru) , 
cryit*I. it&ct or metallie rertiler 

; ..e- p Power supply, soste. pw.r. 
nium e.0 ; 

v&rtdor, ssyetrical. pj Pkìup 
; eruing hssd ; recording M.d ; i,- 

D Dynamotor ; oosiv.rtsr ; 
Inv.rtst. 

DC Dirpetional coupiur. Q Tns.cn. 
DL DeLay line. 

, rsstator; rbso.tat; shsnt 
DP Diaphrs«m. rscsirn 

DS Miscellaneous jllulst1ng or lndkatlng .- ep.ater teisplon. uas). 
vice (exeept etey or tb.rinoet.r I such &T Lamp ; rsststa.c. p ; tburd. 
as: altrm; sanundator; sudIbs or v*au& y y*mstrical varistor. 
sinsllrng 4svl ; bull ; bu.r ; drop 

; 
( ..chanictl)y or tb.rmafly upsTsts); 

flasher ; pilot. iUnaUng or s«naJ lap ; ; ai.coqt.cti.g svos ; esi (str- 

telerapb .oundsr; tstspho*s ust rispsr; it intepter ; .lsrtr*c..l .sfsty Int.r- 
vibrstc ( mdicaust) . . governor iwitc ; st.roè ; .pss 

.z Ml,e.11aneous .lsetric*I parta such sa : aer4sl ; 
; 

&1uin*nu or ssctroIytk cell 
; 

satusna ; W-. 

metalik vtr*p 
; 

binding post ; brush ; esrbus T Tyauforis.r , autotranifurm.r 
; ¡P trw- 

blodi ; 
coÑ Up ; eoaatrrpotps ; 

dtpo. sa- f,r 
; 

rspusting coIl ( t.ISphSIIS ses); 
ts,rns ; 

elsetrical ssld; electric ousteat; txsoaSorer; wsvspss or ooszs tam; 
Isp ; idivWu*l terll ; lauIator ; ligbt- .. «). 
ning arrustur ; loop at.soa ; s«sst; pro- T.ThS1 ; gsssp turtet ; 

rusosator; á.rI. os tta m 
IQ Equalls.r. tsiwtl ip; m 
F Fu..; tus cutout. 
FL Filter. TC Thsi-....opls. 
o Exciter ; gus.rstev ; spssts ; rstsU spI- °' 

; trsiitflar. 
tsr; YtbtM.T (buWrrpUa). H747$Sh5 P1 

. H*rdwcu; boite; suto; seem; uts. " ° '' .'°; la4se 
l Roster ( -'-== tsr .rsut.M sous, uts.) °' usL l4M-.tI. suB ; pb.is- 

hsstag l.p. ,s euH ; 

H8 Hsndurt. vi ($ ) 

HT Tsspbos. r.suvur (sut psit b1) ; 'W CubI.; ruMs ubb; ouszs1 s; glá.d 
bssdist; hss ait psib; w.'uj&k; ss; ut,, 

HT Hybrid ro4l; b Joadlus. _____ 
J 1sct,4csl saustur. fizsd s z a; f. " t ( pst. Li). 

blkbus, -u-1v-(. wslI. ,4W O-4flt-, (usedtse slsctr.s bu 
e-4-n. psa.l) . isa. is__p1sds ; p yJ; .. 

- u_____ Il 5 POSI. I -ktstL 

kkPE.ND1L I 


