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This project is designed as a measuring or instrument which measurcs 

the efficiency of an antenna system by determining how closely the 

impedance of the antenna matches the impedance of the transmitter. 

This meter can also be used separately 'to IllC(lSlIrl' thc tr(\\lsllliltcrs 

field strength. T'his scale helps to position the antenna for bcst output 

coverage. It can also provide the data needed to plot a map of the 

transmitters power around the antenna. When coupled bdvvecn the 

transmitter and the coaxial antenna feed cable, the meter monitors how 

effectively the transmitters output is transferred to the antenna. The 

comparison of the power sent to the antenna with power rellected back 

to the transmitter is known as the STANDING W A Vt~ RATIO or 

SWR. 
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CI~AP1'Ell ONE 

1.1 IN'l'RODUCTION 

1.1.0 PI~li:AMBLES 

Transmission lines are used in <l variety or applications, olle COl1l11101l 

lise is to reed an antenna. Usually one cannot locate the osci Ilcltor or radio 

transmitter, exactly at the antenna point. III these insl<mee, it is Ilecessmy ((I 

locate the transmitter some distance away, which could be fc\\ meters to ;1 

few miles and to lise (] transmission line to c(lrry power to the 'lIlkllll;!. 

Transmission lines may consist or parallcl \vires ,,\though c(}(]xi;11 

cables are more f1'equently used. Some or the characteristics or tr,lf)slllissioll 

lint'S arc: 

I ) 

2) 

J) 

Velocity I~l<.:tor 

Characteristic impedance 

Standing w(lve radio ratio 

But based 011 this project, relerence will be made 011 only (he s('lI1dillg 

wave ratio. 

l.t.l STANDING WAVE RATIO 

When (l tnmsmission line is terminated at an impedallce different frolll 

it's char<lctcristics impedancc; some or the I()rward siglwl W(]\l' is rl'lkctl'd 

b(]ck. This rellected wave mixes with the rorwmd w(]ve, and thc result;lIlt 

amplitude at any point is the algebraic sLIm of the amplitude of the two waves 

as shown iil figure 1.1 



b CdlC.. a I 

Forward wave Reflection 

\ 
\ 
\ 
\ 
\ 
\ 

\ 
\ 

\ 
\ 

Node 

\ 
\ 

\ 
\ 

\ 
\ 
\ 
\ 
\ I 
\ I 
\ I 
\ I 

\ I 
\ I 
\ I ---r 

Antinode 

/"--', , , 
I \ 

I \ 
I \ 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

\ 
\ 
\ 
\ 
\ I 
\ I 
\ I 
\ I 
~ I 

'" I '" .-"' ..... - ... ' 

Fig. 1.1 ILLUSTRATION OF A STANDING WAVE 

The nodes and antinodcs do not move relative to the transmission line, that is 

they are stationary, and the wave are called standing waves. 

An important consideration in transmission line and antenna design is the 

standing wave ratio and this is illustrated using fig. 1.2, which represents 

standing wave on a line. 

litude 

V1 V2 

Distance 

Fig. 1.21LLlJSTRATION OF A STANDING WAVI~ RATIO (SWR=V2/Vl)' 

I f the line is open circuited or short circuited (load impedance being 

infinite or zero respectively), then all the forward wave is totally reflected 

2 

Distance 



back to the source and V I is zero. For all open circ\lited lillC, till' ,lIltinolics 

are locatcd at hal r w,welcngths alollg the I inc, start illg b,lCk I'rOlll the opell 

circuitcd point. For a short-circuited line the nodes <ll"e loc,ltl'll ,It hall' 

wavelengths, starting back from the short-circuited point. Therefore, although 

open and short-circuited lines give identical standing v\'(lve patterns, they arc 

shi ned rel,ltive to thc position or the nodes and thc 'lntinOlks. 

I n most systems some or tile forward Wa\'e \vi II be <lhsorhed by thc 

load, for example in the case of an antenna some of the forward energy is 

radiated into spacc. Thererore the rcl1ected \vave, resulting ill (\ sta1lllint~ 

wave similar to that or fig. 1.2. The stallding wave ratio (S WR) is thell !:livell 

by the ratio or the maximum and minimum amplitude or this \\an? Both 

\'olta}l.e and 'Current ratios C<lll be used, alld these arc reklTed to ,IS VSWR ,\lHI 
,-. 

ISWR respectively. 

The standing wave ratio (S\VR) is one or the most 1'\11 H.I ,II 11C 11 \(1 \ 

paramekrs as it checks ror mismatch between the tr'llls11littcr. tr,ll\slllissi(H\ 

line and antenna. The SWR varies with li'equency, since the illlPl'tbllCe urthe 

source, line load are likely to change by the same amount with It-equency, so 

the S WR should always be measured at several t1·equencies. 

rvlost low cost instrulllents lise voltage or current ,IS the IllC,ISlIn:mellt 

parameter. These instruments give correct readings ollly whell till' IU~ld is lIut 

too reactive, that is the S WR ratio being measured is low. The meters must 

also be cOllllected to take readings at the load feed point. or at hal r w~lve rWlll 
load. This usually means that the transmission line needs to 11(\\e ,\ length. 

which is an integral value of its electrical len}l.th. 
'-

SWR meters based on power measurements give results, which lire 

independent of length 



1.1.2 STANDING WAVE RATIO (S\VR) [\1 ETER 

A standing "vave ratio (SWR) is a meter radio II'cquency (I{I") po\\er 

\'vlonitoring' instrument. It is ollen connected permancntly between the 

transmitter/receiver rig and coax cnblc to the antenna. 1 hIring tr,\I1smissioll, it 

provides a relative indication or transmitter power, as \\ell as llll iIHlic,ltillll (II' 

the ratio or the forward RF power (i.e. the power kd to the ,1IIteIHla) to till' 

retleded RF p()\vcr (i.e. the powcr rel1ected into the trn\1smittcr owing to <I 

llIismatch (It some point in the transmission line). It is used to measure the 

el'liciency or:.tn antcnna system and t\'llllSlllitter lieltl strength, \\hiell C<l1l IIl'lp 

to position the antenna for best output coverage. It Ctlll also prmide till' dilt;1 

needed to plot a map oCthe transmitter power around the antenna. 

SWR meter is aimed at delivering the maximum power to tile ;\\ltell1ll\. 

The antenna is lIsually located some distance It'oll1 the translllitter :ll1d 

requires a leedline to translCr power between the two. 11' the kedlille has Ill) 

loss, and matches both the transmitter output imped:'lIlce ,ml! till' ,1I1lcnll:1 

input impelfance then and only then \vill maximulll pO\ver be deli\cred to the 

nil tellna '? 

In this case, the S WR \vi \I hc I: 1 and po\ver wi 11 he const;lllt ll\'er the 

\vhole length or the lCedline. Any de\iation IhHll the situatioll \\ill c;luse :t 

standby wave to exist on the line. 

The ideal SWR reading is I: 1 or a meter readillg or 1 011 the upper 

S WR. However, this measurement is obtainable only lInder lah condit iOlls. 

i\clllld 11l1tenl1(1 installatiolls arc likely to have higher re:ldings. 

There are a number of ways S WR or its ctfecls c(ln be deseribed ;111<1 

lIleasured. Di rrerent terms such as rellection eoc rticient, return loss, rellectcd 

power '.\Ild,transmitlcd power loss me but a tew. They lire dil'licult cOllcepts tll 

ullderstand, they are different ways to saying the sallie thing. lhl' I1hl.c;t 

accurate method of determining S WR is to measure the forward power and 

rcllected power and then calculating the S WR ratio. 



1.2 LITERATURE REVIE\V 

The standing wavc ratio meter is a meter that mC(lSlIITS the el'liciency 

or the antenna system by determining how closely till' impl'(!;tIlLT or the 

(lntenna matches the impedance or the transmitter. I t is connected 

I l t tl t 1111'ttel' I'CC·CI\'C··',' I"I~ ',\nd coax c,lble to the permanent y 1e ween le rans C' 

antenna, During transmission, it provides a relative indication or the 

transmitted power, as well as ,HI indication or the r,ltio or thl' rUI"\\,ml In 

power to the rellected RF power. 

Assuming a stone is thrown into a quiet pond, there will be a splash 

Hlld ,I series or concentric circles sprcading out Il'olll whcrc the stolle entered 

ill the \vater. This is an analogy that cnn help demonstr,lte RF W,I\CS and hO\\ 

the) act. This Iwppcns around al\ ,\I\tellll<l whelJ RI: is 'Ipplied to it, and In 

can also be mcasured by using an SWR meter, to sec just how Illuch energy is 

!loilH!, in two dirICrent directions in the eo(1;'( (lIld what the ,lIltenll<l is usin!l in 
'-- .... 1.,.-

amount or powcr. As the two tmvelillg WHves P,ISS Oil opposite directiolls. 

they set lip an interICrence pattern cH11 standing w,we. At cert'lin p\;1I..:es Oil 

the fCedlille the power will add producing a power IlWXillllllll Hlld their 

I'el,\tive phase dirlcrcnce will caUSL' a power minilllulll to exist UIJ the reed 

I ille. 

ROBERT MCGRA we (1999) reported th,\t these 1ll:1\llllllIll ,lIld 

minimulll points occur III wavelength apart. In the days when open wire Iced 

lines was used, these points could easily be mcasll\'c ,vith simple indications. 

Coax cables however present another problem since the inside or the e<\blc is 

not readily available for measurement. Consequently, S WR IllC;ISlIl'L'IlH.:llts ill 

CO(lX ,liT Llsually made at the trallsmitter end or the kedline. TIll'rerore, YOll 

arc presentcd with the SWR of the entire system, wllich includes :111 losses 

(lssociHted with the entire system. 

Also, Andrew Cody (199R) also reported that thc more cnl'rgy th,lt 

goes away II'om the antenna as it trnllsmits, the bctter. Ilowc,l'r. Rl: IS ;\ 



tricky phenomenon that also \caves energy behind as it radi~,lcs lI'olll tlte 

antenna. This energy returns to the radio and how much of it, ,1Ild tlte 

condition or this energy arfects the oven,1I perrorll1<lllce or tlte ,lIltellll:\ 

s\'stem, and hence the S \~R or the system. 
~ 

L.B Cebik, (1999) reported that SWR is directly related to the 

impedance or the load and the impedance or the lCedline connected ~o it. 

Because it can be measured, it has becollle the standard measure or a mC'lcr or 

mismatch between the load (usually an ,-lI1!enll<l) ,-lIld tilL' recdlilll'. 

Tr,lIlslllission lines are almost (hut not qllite) pulely resisti\'l~. 

SWR is a relative value, which is determit'led hy comparing ,',tlues. 

The most (\ccurnlc IllC'lhod of determining SWR is 10 Ille,\surc I~)\'\\anl PO\\l'\" 

;lnd rcllccted powcr ,1I1d then calclll(lte the S\~R r(ltio. 

1.3 PRO.JECT OB.JECTIVIU!VJ()TIVATION 

The objective of this project is to design and construct a meter that call 

l\1easure the reflected power between ,I transmitter and an antenna. This is tltL' 

proportion or incident pO\ver, which is rcllected back toward the tr:lllslllitll:r 

due to a mismatch antenna. 

This is also called a standing \VClVe ratio and IS dC'lerlllillcd Iw the 

reflection coel'licient at the antenna. 

With the increasing demand III COI1lIlHlIlicatioll, it hilS hL'COlllC (\ 

necessity to improve on COllllllllllic,ltion lechllolo!!v with the lise or ,I 
'--

standing wave ratio meter the signals that are transmitted I"om the transmitter 

to the <llltelllW can be monitored to give the desired S\VR ratio, whieh will 

gre(ltly improve transmitted sigllllis heing recei\'Cd. 



1.4 PR()JECT LA Y{)lJT 

Chaptcr One gives a broad overview or the project. It consist ul':'lIl 

Introduction and literature revievv. This deals \\ith h(\sic cOllCepts emlicr 

n:searched. Project objective/motivation, which vvere set out as guidelines for 

design and construction. 

Chapter t\VO deals with introduction to tht: systcms design, (\ml system 

design / analysis. 

Chaptcr three is about the construction, testing and the results obt"ined 

li·olll the tests, and also discusses on thc rcsults obtaincd during t he tests. 

Chapter I(Hlr deals with ret:oll1ll1cndation, t:onclusion, suggestion, 

appendix and relCrcnt:e. This chapter contains the student's view or what has 

hct:n Ht:hievt:d <Ind gO<lls lIlet III the cXl'l'utioll or thi.-; project, 

rcco\lllllcndations 1()1" more tc<:llllologic,ll projt:cts. 

Books and other materials consulted are in the reference. C,,\cul<ltions arc in 

the appendix. 
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CHAprrER TWO 

SYSTEM DESl(;N 

2.1 INTRODlJCTION 

The circuit diagram or the present SWR meter is COIl\'CflliOlW\. The 

forward and rellected powers induce RF voltages in (\ toroid inductor '-I. 

which is positiolH~d mOllnd a short kllgth or CO,I\ c'lhk. TIll' cabk is 

grounded at olle side or the instrument only (a coax cable grounded ,It both 

ends docs not radiate). 

The RF voltage supplied by the transmitter is eapacitively coupled vi;1 

C, to serve <IS ,I kind of' rc\crence against which the rorward ;11Il1 1'I:\'L'I'se 

powers arc measured. The coupl ing capacitor is connected to a tUlled circuit 

L~-LrCrC::, that serves to balance the measurement circuit at higher 

Il'equencies (ill the 6111 band ,1Ild possihly the 4111 b,lIld <Iiso). 

The I'o\'\vard and rellected voltages arc recti lied by t\\O diodes, \), ,llld 

\)2, to estahlish the n:lative powers ,111d thus the SWR. Till' /\/\ Ill)s lIsed ,liT 

low eapacitallee point contact germanium diodes with a low thresl,lOld 

voltage or ahout O.2V. A toggle switch, SI allows the user to select a 

(rclative) 1()I'ward power indication or rcllected power relatin' In 1()J'\\(J\'d 

power. The circuit is prescntcd in ligllre 2.1. 
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1 , 

2.2 SYSTEMS DESIGN / ANALYSIS 

The I()rward signal 11'0111 the tnlllsmitter to the antenna picked up hy 

'1 wire is coupled by a capacitor C1 sometimes called hlocking C,1P;lcitor sillce it 

hlocks DC couples the signal into the circuit. Resistors \{ I, R2 and tile tlllll'(1 

circuit absorh this signal. In oper;ltioll the RF siglllli on tlte pick \\ irL's \\ill he 

recti fied by diodes DI or Dl smoothed by capacitors ('I or C~ thell appl ied as 

DC to the indicator. [)~ and D.I (lets as current limiting. diodes (0 (he coil 

meter. 

L, is a Toriod Inductor, which is induced by the I()rward and rellected 

PO\ver and is used to power the circuit. To calculate the illduct,lIlcc I'L 

(iivell the IlJllowing parameters: 

Number ofturlls /()r Inductor 1" 

Core diameter 

Length L, 

Relative permitivity for ferrite 

Magnetic flux density 

== 3() 

- O.21l11ll 

J 17111111 

20 

Inductor L :-c:. 4IT:I: IO-7*UrN~A/1 ')') 
, .................. {_._} 

Where, Ur -.. 

N -- Number of turns 

Ac:c Area or core 

L =, Length of core 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (') 1) ...... _ .. ' 
1 

IT (O.2tI4 

10 

\ 



l 

! , 
i 

Thcn:forc, 

I., \ \ 2ul \ 

To calculate the inductance L2,givcn the following parameters: 

l 'ore diameter - O.ltnll1 

Length L2 .-" (d Amm 

Relative pennitivity for ferrite-- 20 

j'v1a!!llctic !lux densitv-- 41T '" 10-
7 

- "' 

L:=4n '" IO-7*UrN 2A/L ................................ (2.2j 

L,;' 41T '" 10-7 * 10'" (6)2 :\:.~.I.:f '" IO-2 /6lA 

L 2 -c. 21.4 lui I 

Considering the tuned circuit 
._--------,---._-_. 

__ It 
-;;.-~. 

40p 

-----.---!------------------- -

Fi~urc No. 2.2 TUl\('d Circuit 

11 



J 

Coillailled 11\ the tUlled circlIit is Capacitor C:, cOlllleclL'd in par;llkl 

with Capacitor C, which is callcd a trimmer or VCriGlp lIsed 10 regulate ur 

tUlle the rclleded power. 

Considering Capacitors C2 and C l conllccted ill parallel 

The equivalent capacitance Ceq is given as 

C e LJ C 2 t C, .................................. (2. 1 ) 

c-c: (R2t 40) pI" 

Where 

('eq 122pFS 

Therefore 

Inductor equivaicnt I ,eq- I <,II.; 

Lcq -- 2 f- LJ 

-- (22.41 +- S()O) * IO-1l 

.- SR2.41 * 10.6 

-- 5R2.4 J ul r 

The frequency Fo of the tUlled circuit is 

Fo = 1/2TrVLcq Ccq ....................................... (2.4) 

--1/2nV(()X2.41 *IO·Cl)(122 * 10. 12 

hl-:-:~ 59.711<117. 

The voltage .1Cross the inductor is 

V ~ I.dlldt' 
............................. '" " ................. (~.5) 

V --::- 112 '" 10-6 tli/dt 

At 1.6ml-l7. the output voltage of the transmitter was found to be 1 S.XRv 

The peak \'oltage across D I and D2 is 

V1 * V - n.......................... (1()) . . . . . . . . . . . . . . . ..- . \'1)1 

-.- V2 =I: IS.X8 

VI)I .. 22.46V 

1;2 



From ,the \l1allll(~lcturers data sheet, the movement resisl~lIlcc RI\\ or till' 
lOot fA metcr W,-lS fOllnd to he :20()()U 

R, or R, is ill series \vith P, and ill pi.mdlcl with rcsistHIlCl' orthc JI1L'lcr. 

R'nrl = I KU P, = 100 Kn RI\\ =:2 Kn 

R,or.l -t P, = (1+ 1(0) 103 
............................ (2.7) 

-C.-:. 10lK 

R, -- 101 '" Ru/IOI 1- RUl:l: 10' ................... (~.~) 

= 1 () I :I: 21 I 0 I -12 * I 03 

Thl'l'cl<)I'c time COllst,lIlt is, 

K, ("'- 1 9M) * 10 '" Hr') 

-: I <)Ohus 

r )isch:ll·.!2." tl'll1' t I I II" '0'" c, (::'-:= ' .................... , ............ (2.9) 

1150 

= (L025 

The peak -to-peak voltage is 

V = V ( I ,ltI/RIllL') 
I' P J) 1- C .................................... (.? I ()) 

:c: 22.46 (I .. _ C-(O,02i1l)(11IO-(l)) 

The DC voltage at the output of each diode is 

V I -, V,), ... (V 11) 
\ l' . p-p - ........•....•................•.......... (.2. I I ) 

c: 22.46 22.4()/2 

Vdc =-:: 11.23V 



CHAPl~El{ THl~J~I~ 

C()NSTI{UCTl()N, TI~~STIN(; AND I{ESllLTS 

. 
3.1 CONSTRUCTION 

\n the construction or the standing, wavc ratio (S WR) Illeter. ,It e{lch 

stage the design speci Ii cation of each componellt \\',IS follmvcd :-;trictly. 

The construction was completed on a Vern homd hy COlllll'ctillg, the 

different components according to the design altcr n kst drive had been done 

Oil a breadboard. 

The mcter IS powered from the power Ih)\\illg, from the tr,1I1slllitlcr 

output. This is done by the use or a BNe (Baby-N-Collnector) sockets 

cOllnected by a short length of thin 75U coaxial cable or which the screening 

hr"1id is cOllnected to thc socket ,l\1d the hoard at the antenna sidc only. ellS 

thcll cOllncctcd to thc cOll:-.:i,,1 cahle hy the lise of a jU11l1)L'(' \\'ire. 

;\11 soldering was done on the conducting side of" <) x 6cl11 Vcw board 

using transformer wires and in between the board where the component was 

soldcred was cut slightly to stop continuity between the cnds of the 

components. Continuity was checkcd lIsing a digital l11ultimcter. ('onductillg 

.lumper WilTS were used ill accord,lIlce with color-code, i.e. new.ative ~)r 
'--

ground black and white and blue for connecting signal terminals to one 

another. 

R I , ()I and Rl were connected in SCrIes on the Vero ho,m!. ('I is ill 

parallel with thc above-mentioned componcnts, C l is connected to the other 

cOlllponents \,vith .iumper wire alter soldering it Oil the Vero hO;lrd so 'llso is 

l' I. This link forms the ior'vvard terminal. 

C h 1,2, L, and C2 were connected 111 parallel and soldered; jumper 

wires linked thcm to each other. 

1.1 is linked between Rj, Dl and R2, J)~ with jumper wires. 



h . . I C.()Il11e'ctl·Il~ ,'\lIl11\1Cr WilTS behind till' The meter IS I inked to t e cIrcuIt ny :::' 

mder and soldering it to the Vern bo;.\rd. D.I and J), ~lre eOlll1eclcd ill p~l\'~lIk\ 

to each other and in parallel to the mder ,1l1d linked by jumper wires. 

The entire circuit system was housed in a wooden casing for 

protection. The casing was constructed with a ~/2 inch wood ,md plyw()ud. 

The plywood makes up the top section while the 1/2 inch wood \\llS lIsed I()\" 

the b(lse. 

The side and top were drilled to make room for the switch ,1Ild BN(' 

sockets ami moving coi I meter at the top. 

3.2 TI~~STING 

One side of the completed SWR mder was connected to an /\\\11 source 

or 4wt .1I1d a dUlllmy load or 750 

Transmitting at a continuous output 1'01' \ Ous 011 the I'orwmd \crlllin~l/' i\ 

was then switched to the rellecled terminal {()r the same period or time at the 

same power. 

The vari"hk resistor was lIsed to vary the illcoll1in~ de \()ILI~l' lIlltil ,I 

reasonable dellcction was obtained. The trimmer (':: was lIsed to illtiicatL' the 

required full-scale detlection on the rellccted terminal. 

3.3 RESULTS 

When 17v/40mllz was pass through the meter I()\' I ()us the Illllmving 

results were obtained; 

Forward voltage 

Rellccted voltaoe 
Co 

576.6111v (dellectioll) 

576.5\11V (del1ection) 

The standing wave ratio (S WR) is given by the ratio of the 11I(1ximlllll 

and minimum amplitudes of this wave. Both voltage (lnd current r(l\ i() C,111 he 

1 ) 



used and these are relcrred to as VSWR and ISVv'R respectively and ~m: gi\cll 

VS'vVR V 2/V I ......................... (3. I ) 

ISWR IJlll ............................ (~.2) 

S\VR V I·+ VI{ ..................... (3.3) 

V" .... VI~ 

Where VI' is forward voltage, and VR the rellected voltage 

Therefore 

S \V R .- ( 5 76.6) I (r' ! ( ~ 7 (). ~) J(r' 
----------

(576.6) I (r-' - (576.5) 10-3 

SWR 1.1531 

0.000100 

The ratio is 1:0 

Where 1.1531 ilPproximatc\y I is tlte 1()J"wmd volt<lgl" ,lIltl ().!)()() 1 ()() 

approximately () is the reflected voltage. 

The eqlmtioll lIsed 111 getting the SWR IS shown III great ddail III till' 

appendix. . 

16 



3.4 DISClJSSION OF RESULTS 

The SWR results obtained for the ratio orthe fOr\vard and rellectcd 

V oilage is I :0, where I is the forward vollllge (llltl () is the rellcclcd \'oll:l~l·. 

This result shows that all power li'0111 the transmitter output is being ,-Ihsorhcd 

by load at the other end and there is 110 rellected power. 

According to Andrew Cody ( 1(99), the ideal S WI{ readillg is I: I or :1 

meter reading of I on the upper SWR scale. This lI1e,lSlIlTll1enl is ohl:lilwhk 

only ullder laboratory conditions. Actual antellllll illst:tllalions arc likely to 

have higher readings. 

We can therefore cOllclude that the result obtained II'OIll this test is :111 

ide:ll olle sinee a ratio or I \V,IS ohtllined Oil the upper scale. 

17 



CHAPTER FOUll 

I{ECOMMENDATI()N AND C()NLlJSI()N 

4.1 RECOMMENDATl()N 

I will recommend that two coil meters be lIsed to make thl' readillg ll\\ 

the relleeted and t'()I'ward power easier 1'01' ilH.lividl",1 lise inste;ld 01' Olll' c(\il 

meter and switching to take readings to avoid error for one who is not 

1~lmili(\r with the procedures. 

It is recommended that the school as a \vhole and individual 

departments organize private sectors and other interested parties to t(ll-;c 

active parts carrying out researches and finding stall<.\l\I'd tillal year projects 

I()r students. 

Research should be embarked on alld students ellcollr,lget\ 

participating in them {,'om their 100 levels so (IS to prepare them I'()r their 

tinal year projects and the practical world aller schoo\. 

4.2 C()NCLUSION 

In conclusion, this projeet as was its <llIn to measure the ratio or 
1()I'Wl\l'd pmver to re tlected power has heen success ru\. 

A ratio of 1:0 was achieved, this means that the entire signal sent 11'0111 

the transmitter is heing lIsed lip by the load <It the output. 

18 
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or 

SWR 

................ 
.... . 

... ' \ \ ) 

.. ' (2) 
...................... 

Z~L --Zc 

Where /". is the characteristics il11\)cdatH':c or the tra\lsmis~io\l line l\lll\ '/ . 
,\ \, 

the characteristics impedance or the load. 

..................... () ) 
S'A/R 

t IS le orwarcl power il'om the source Where p. " tl r IS the to the load (llld Pl' . 

power relkcted back from the IODd. 

SWR' 1+ VI/VI' 

1- Vf{/V/. 

•••• I ••••• .. " ......... " ... (~) 

SWR VF + Vf{ 

VF - V/{ 

where V· . t IS the volta re 
VO/laI2.C COl g component of tl 

L IlpOl1cnt of the' le 
I e/1ectetl \ ' VdVC. 

'" . . .............. ()) 

forward \\I'IV ( e (lnd \' . 
I P I I \ S / JC 


