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1.0 INTRODUCTION

Attention: Read Section-2.0 before attempting to use your analyzer. Incorrect power
supply voltages or excessive external voltage applied to the Antenna connector will
damage it!

Description

The MFJ-259C is a compact battery powered RF impeslanalyzer that combines four basic circuitsQaibm
bridge, eight-bit micro-controller, frequency coentand a 0.53-230 MHz variable-frequency oscitlatgth
switched coverage of nine overlapping bands. Thmsesub-elements are integrated to provide a wadéety of
useful antenna and impedance measurements inclugiagial cable loss and distance to an open ort.shor
Although designed primarily for analyzing 50-ohmtezmas and transmission line systems, the MFJ-288€
measures RF impedance from a few ohms to severalrad ohms. In addition, it functions as a disceégmal
source (RF-Signal Generator) and independent frexyueounter.

1.1 A Quick Word about Accuracy

Inexpensive impedance meters have limitations. i causes of measurement error are:

(1.) Signal ingress from external RF sources
(2.) Component limitations
(3.) Stray reactance from connectors, pc tracesyares.

1.) Signal Ingress: Virtually all low-cost handhelds use simple broat diode detectors. Unlike costly lab-grade
analyzers using frequency-selective receivers,divaad detectors admit out-of-band signals. Unfately, the
offending interference can't be filtered out usbeghnmon low-pass or band-pass circuitry becausé/thelements
would act like lengths of transmission line andnsfarm the impedance readings as a function ofurqy.
Increasing generator power output can, in somamtss, overpower interfering signals, but the curneeded to
deliver the additional RF power greatly reducegdogtlife. In fact, over 70% of the analyzer's 6@ current
drain is already allocated to the VFO and its afigplistages for generating a low-harmonic level-biuage test
signal.

Most RF-interference problems occur at lower fremires and are caused by high-power AM-broadcasbst
These signals couple efficiently into large antearrays and are especially problematic for 160-megeticals. In
the event you encounter intense local interferemeerecommend using tiFJ-731 Tunable Analyzer Filtelt
is designed to attenuate off-frequency signals &éetwi.8 and 30 MHz without introducing significantors.

2.) Component Limitations. At very low voltage levels, diode detectors beconumlinear, a condition that
reduces accuracy. The MFJ-259C minimizes this prolddy using special microwave zero-bias Schottkgalers
with linearity enhanced by compensating diodesntshis technique, each analyzer is individuallyirapzed to
provide the highest accuracy possible with botthhagd low impedance loads, making the A/D converi@&ibit
resolution the analyzer's primary accuracy limatati

3.) Stray Reactance: The length of electrical connections between camepts within the bridge circuit, and the
line between the bridge and antenna connector,imieyduce inaccuracy at higher frequencies and wherload
impedance is very high or very low. However, theMf59C minimizes this problem with careful pc layand by
using low-capacitance microwave-grade surface-moamiponents with virtually no lead length.

While some analyzers may display misleading "exaatlings” falling outside the reliable measurablege, the
MFJ-259C does not. Instead, it is programmed tegee alisplay warningfor out-of-range results. For example,

if (Z > 650)appears on your display, it means the impedaniog lbeeasured is greater than 650 ohms and outside
the reliable measurement range.
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1.2 Typical Uses
The MFJ-259C may be used to adjust, test, or measur e the following:

ANtENNAS: .....coviiiiie SWR, impedajreactance, resistance, resonant frequencypadividth

Antenna tuners: .........cccooeeieiiiennnnn. SWR, bandwidth, freqagn

Amplifiers: ... Input and autpmatching networks, chokes, suppressors, traps, a
components

Coaxial transmission lines: ........ SWR, length, velocity factor, approximatea@d loss, resonant frequency,
and impedance

Filters: ..o SWReauation, and frequency range

Matching or tuning stubs: .......... SWR, approximate Q, resonant frequenagdividth, impedance

TrAPS: e Reannhfrequency and approximate Q

Tuned Circuits: .....coooeveiviieeieeninnnn. Resonant frequency apdroximate Q

Small capacitors: .........cccceeeeeviennnn. Value and self-resonaatifiency

RF chokes and inductors: .......... Self resonant frequency, series resonazkvalue

Transmitters and oscillators:  ..... Frequency

The MFJ-259C measur es and displays the following:

Cable length (feet) Impedance phase (degrees) Reser{MHz)

Cable Loss (dB) Inductance (uH) Return loss (dB)
Capacitance (pF) Reactance or X (ohms) Signal feregu(MHz)
Impedance or Z magnitude (ohms) Resistance or Rgbh SWR (referenced to 50 ohms)

The MFJ-259C as a non-precision signal sour ce:

VFO output is leveled at approximately 3-Vpp, oowrd 20 milliwatts into a 50-ohm load. This signsi
relatively pure with harmonics better than -25 dB8 below the fundamental-frequency carrier). Theerinal
source impedance (Zo) is 50 ohms.

A more complete description of the MFJ-259C's fesgtlalong with proper measurement methods canuoel foy
reading sections covering the particular measuréiy@n wish to make. Consult the table of contentsvarious
applications.

1.3 Frequency Range

The MFJ-259C covers 0.53 to 230 MHz without frequegaps using a precision reduction-drive VFO tgnin
capacitor and two band switches. Bands of covenagie

Main Switch: 155-230 MHz 113-155 MHz 67-113 MHz  28-67 MHz 11-28 MHz Lower Range
L ower Range Switch: 4.7-11 MHz 2.1-47MHz 1.0-21MHz 0.53-1.0 MHz

To select the bands above 11 MHz, turn the Maint@®wio the band desired. For the bands below 11 ,Miin
the Main Switch to Lower Range and select the dddband using the Lower Range switch.

2.0 POWER SOURCES

Please read this entire section before connectiogityanalyzer to any power source. Impropgr
connections or incorrect voltages may cause pernrargamage to your analyzer!
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2.1 External Power Supply

MFJ offers an optional power supply, the MFJ-1312Dhat satisfies all external supply requirements.eW
strongly recommend using this supplif. you use a different power source, note thatwublitage output must be
greater than 11 volts and less than 16 veltseen the analyzer is powered on and running (logubeeer source).
The maximum voltagé Sleep Moddunloaded power source) shouldver exceed 18 volt&C adapters must be
well filtered and the plug must have a groundecewte and positive center leadhe ideal voltage-source
specification is14.5 VDC at 150 mAConfirm your supply can deliver this output levafedy without overheating
or introducing excessive AC ripple.

Please read the battery installation instructionSection 2.3) if you plan to install batteries. Neveonnect
external DC power if non-rechargeable batteries arestalled and the battery charger is enabled. Pament

damage could result!
+ a7
— —+—&) 2.1mm

The MFJ-259C has a recessedl mmpower jack located on the top-right-hand side efuhit. It is labeledPower
13.8 VDC The jack's outside barrel contact is negative tiedcenter pin is positivénserting a power plug into
the power jack automatically disables the interbakteries as a power sourcelowever, the batteries will be
trickle charged if the charger circuit is enabled.

IMPORTANT WARNING: Reverse Polarity Or Excessive Neige Can Damage Or Destroy The MFJ-259¢€.
Never Apply More Than 18 Volts, Never Use AC-outpputPositive Ground Supplies!

2.2 Using Internal Batteries

Before installing batteries for the first timgheck the position of the Charger JumpéeFo gain access, remove the
eight screws securing the analyzer's back coversapdrate it from the unit. Look for a 3-pin headih a small
black-plastic shorting plug that fits over two tf pins. It is located at the top of the main parblonear th®©FF-
ON switch and power connectdrhe shorting plug must be properly positioned ftrettype of battery you intend
to use (either rechargeable or non-rechargeabl&yhile you have the analyzer's case removed, yay imstall
batteries into their tray -- or install them latsrremoving the battery-tray door that is attactethe rear of the
case with two screws.

2.3 Using Rechargeable “AA” Type Batteries

IMPORTANT WARNING: Do not use an external power smes that deliver less than 13.8 volts wifh
rechargeable batteries installed. If the externalpply voltage is too low, the charger will not wopkoperly and
batteries will eventually discharge. We recommeridhiging batteries with the MFJ-259C power switchf @nd
allowing enough charging time to establish full kary charge. A minimum of ten hours is recommended.

When using rechargeable batteries, your power saurest deliver a minimum of 13.8 volts to meetrfiaimum
charge-voltage threshold. Typical charging curiierit0-20 mA (trickle-charge rate). The chargeruirunctions
any time external power is connected, even wherattadyzer is turned off. Again, the MFJ-1312D sygplfills

all power supply and charging requirements forNtte)-259C and is recommended.

When using rechargeable batteries, the internal tkaplastic jumper must be set to the proper posititf it is
not set properly, the batteries will not charge.d&scribed above, the jumper is located insideatiedyzer, near
the external power jack on the back side of theuditboard.

For rechargeable batteries, set the jumper as shdvehow:

CHARGER

< Charger enabled
ON OFF
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2.4 Using Conventional “AA” Drycell Batteries

Whenever possible, install a fresh matched setgbf-fuality alkaline batteries. Conventional ziretl€ will work,
but alkaline batteries offer a lower risk of damageised by leakage. Alkaline cells also providegénrunning
time and superior shelf liféVhen using any non-rechargeable dry-cell battetywags remove them immediately
when they become weak to avoid damage from lealsge, never store your analyzer for extended pisrio
(longer than a month) with non-rechargeable batsrinstalled.

IMPORTANT WARNING: When Using Non-Rechargeable Baties, The Analyzer's Internal Charging Systefn
Must Be Defeated! To Defeat The Charger, Set Theaelimal Jumper To The Charger-Off Position, As Shown
Below:

CHARGER

@m < Charger disabled
ON OFF

2.5 “Power Saving’ Mode (sleep mode)

The analyzer's current drain is normally around 58 which places a moderate demand on the bap@ci.
You can extend the analyzer's running time sigaiftty by using the intern&leep Modgower-saving function.
In Sleep Modethe analyzer's RF-generator shuts down and lpadtain drops to under 15 mA. Any tintdeep
Mode is activated, the analyzeperates with awo-minute inactivity windowDuring any 2-minute period, you
must actuate the Mode switch -- or adjust the fesqpy by more than 50 kHz -- at least once for thayezer to
remain awakeAny time a two-minute inactivity period elapsdse power saving circuit automatically switches in.
When the analyzer goes to sleep, a blinkshd® message will appear in the display’s lower righthen, as shown
below:

7.1598 MHz 3.7
R= 38 X= 61 SLP

To reawake the unit, momentarily press eitherMtoele or Gate button.
To Disable Sleepmode:

(1.) Turn the analyzer off.

(2.) Press and hold thdode button while reapplying power.

(3.) Continue holding th®lodebutton until the copyright message appears ondtees.

(4.) ReleasMode If Sleep Modevas disabled successfully, the message shown helbappear on-screerf.he
Sleep Mode function becomes re-enabled anytimarthlyzer is turned Off and On again

Power Saving OFF

3.0  MAIN MENU AND DISPLAY

IMPORTANT WARNING: Never Apply RF or any other exteal voltage to the Antenna port of thig
unit. The MFJ-259C uses zero bias detector diodesttmay be damaged by external voltages. Rgad
Section-2.0 before applying power! Incorrect supplgltages will also damage this unit.

3.1 General Connection Guidelines

1) Antenna Jack: When making RF measurements, connect yevice Under Tes{DUT) to the SO-239
connector located on the top of the case. Youdlthss port forSWRand all other RF measurements excluding the
Frequency Countefunction.
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2.) Power connector: (2.1 mm type) is described in Section 2.0. Bedorread Section-2 lleforeoperating your
unit. Using an incorrect power sources can perméndamage the analyzer.

3.) Frequency Counter Input: BNC connector used for frequency-counter fundionly.

3.2 Power-up Display

After turning on théPowerswitch (or after applying external power with gwitch on), a sequence of three
message screens appear on the display.

The first screen presents the analyzer's softwargon_{ER)

MFJ-259C
VER 13.40

The second message shows the software copyrighiatym

MFJ-Enterprises
()

The third message provides a power-source chesglaging the internal battery or external powerptypoltage
level along with a warning if the source is too lmwsupport reliable operation.

Voltage Low 9.5V Voltage OK 14.7V
| T

The fourth and final power-up display is terking screerfor the analyzer’s default operating mode, as rilesd
in Section 3.2 $WR, Impedance R&XThe two analog panel meters also become adiigplaying SWRand
Impedance Magnitud@&) measurements for the DUT.

The MFJ-259C has five (5) Basic Operating Modes #na used for conducting a variety of measureméhysu
tap (momentarily press) tidode button, the analyzer steps to the nigiide selection. The five main modes and
their opening screens are described in Sectiom&®v:

3.3 Main MODE descriptions

Press thdlode switch to scroll through the analyzer's five opieg modes. By "scrolling”, we mean that each tap
of the mode switch will step the analyzer aheath®onext menu selection. Each new selection corpemnuthe
display with anldentifier ScreenAfter 3 seconds, thiglentifier Screeris replaced by the mode's working screen.
The menu is circular, so after sequencing throuljifiee choices, the sequence starts over. The bssic
operating modes are described in detail below:

1.) Impedance R& X (Initial M ode): Use this mode for measuring SWR and complex impeglal hdmpedance
R&X mode is the analyzers "default” mode because tihesone most frequently used for routine antenna
adjustments. The top line of the working displagws theVFO Frequencyn MHz and the numerics8WR
reading. The lower line displays tliResistive(R) and Reactive(X) impedance components for the attached
load. Pressing and holding tiigate button in this mode displays thmpedance Magnitud€Z) andPhase
Angle (@).The analogmpedanceneter also displaysnpedance Magnitud&), and theSWRmeter displays
Standing Wave Rati@SWR. The analog meters are especially useful wheimg¢unontinuously adjustable
circuits such as an ATU or matching networks. Tdentifier screen for thempedance R & Xnode is shown
below:

IMPEDANCE
R & X
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2.) Coax Loss: Use the analyzer's second mode to measure loggré@d in random lengths of 50-Ohm cable, 50-
Ohm attenuator pads, 50-Ohm transformers, and 50-O©aluns. The top working-display line shows the
VFO Frequencyn MHz and the lower line presents the measlessin dB. Note that the transmission line
or device under test must be unterminated at its fand during loss testing. If a load or resistive
termination is installed, the measured loss will sggnificantly higher than the actual lossNote that this
measurement modmly works for lines or devices carrying differehtturrents

3.) Capacitance in pF: Use this mode for checking unknown capacitor valiiespF) and for determining how
much reactance a component exhibits at a parti¢teguency Xc in onms).In Capacitance Modethe top
line of the working display shows th&-O Frequencyn MHz and the measurdgiapacitive Reactanggc) at
the VFO frequencyin ohms). The lower line shows the measured dtpae (C) in picofarads(pF). The
analogimpedancemeter also displayXc reactance in ohms.

4.) Inductance in uH: In Inductance Modethe top line of the working display shows ¥MeO Frequencyn MHz
and the capacitive reactan(¥éL) at the VFO frequencyin ohms). The lower line shows the measured

inductancgL) in microhenriegtH). Thelmpedanceneter displays reactance in ohms.

5.) Frequency Counter: The fifth mode converts the analyzer into a digefetquency counter. Connect the RF
source (DUT) to the BNC connector labele@quency Counter InpufAs with many counters, the sensitivity
threshold for a locked-in reading gradually decesasith increasing frequency. The measurementtiblés
at 0.53 MHz is around 10 millivolts -- and this éégradually increases to around 200 millivolt23a0 MHz.
The "never exceed" limit for safe testing is 2-velipeak-to-peakThe counter's default gate time is 0.1
second, but you may reset it to either .01 secemdy(fast) or 1.0 second (very slow) by tapping Gege
button. A 1.0-second gate times provide increasegliency resolution (more digits to the right af thecimal
point), and the .01 gate provides very fast respavith less resolution (see sample screens below):

Freq. Counter

14.15 MHz 0.01s 21.324MHz 0.1s 144.2389MHz 1s
Freq. Counter Freq. Counter Freqg. Counter

IMPORTANT WARNING: Never apply more than two voltsf peak voltage -- or any dc voltage -- [o
the Frequency Counter BNC port.

3.4 Blinking “VOLTAGE LOW” display warning

If the external dc source or battery voltage droplew 11 volts, a blinking/oltage Lowwarning will come up on
the display. Pressingodeduring a low-voltage warning will disable it andoaV you to continue testing.

Caution: Measurements made with supply voltagesoell1 volts may not be as reliable.

\‘ol’roge Low 9.5V
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4.0 MAIN (OR OPENING) MODE

IMPORTANT WARNING: Never apply RF or any other extgal voltages to the Antenna port of thig
unit. This unit uses zero bias detector diodes tha¢ easily damaged by external voltages over a few
volts. Also, confirm the power supply is correcs described in Section-2.0, before operating thrstu

A basic understanding of antenna theory and trassari line behavior will be helpful for making thest use of
the data provided by your MFJ-259C. The ARRL Harmdtband ARRL Antenna Book provide concise peer-
reviewed explanations that should suffice for magplications. When it comes to the finer pointsaotenna
design, there is (unfortunately) a fair amount a@$-mformation circulating on the web and over thiewvaves.
When it comes to antenna systems, there's no bkagjic. Stick with the scientific fundamentals assanted by
credible professional sources, and everything smalyzer tells you should make sense!

4.1 General Connection Guidelines

When conductingWRandIimpedancaneasurements, follow these practical guidelines:

1.) If connector transitions (RF adapters) are adedse only high-quality parts and check them dvemvear,
oxidation, dirt, and tight pin contact before predmg.

2.) Make all connection electrically secure andpke# leads as short as possible. This precausoaspecially
important when measuring electrical componentsdhatot part of a 50-ohm coaxial system.

3.) Always use good quality 50-ohm cable and cotorecwhen making SWR measurements. Contaminated,
mismatched, or damaged cable will introduce sigaiit error.

4.) When makingComplex ImpedancemeasurementgR+X) or (Z) remember thaany length of transmission
line you install between the load and the analyzeitl displace the load from the analyzer's calibrah plane.
For simple handheld analyzers like the MFJ-259@, diibration plane is always located at the analygeRF
connector This is the point where Zo=50 Ohms and Phase shif degrees. It is the only test point where the
analyzer will be calibrated for complex impedanceasurements. Displacing the load away from theyaagé
calibration plane through random lengths of coakwéve little or no impact on SWR readings, bull witroduce
enough error through phase shift and transformdioracto invalidate virtually any complex impedance
measurement you might mak&hen measuring Complex Impedance, install the MF3ZC as close
(electrically) to the DUT as possible!

4.2 Antenna SWR

Use the SO-23%ntennaconnector located on top of the MFJ-259B for dH lReasurements (except those using
theFrequency Countemode). Follow the procedure below for measul®wR

1.) If your antenna doesn't have a dc-grounded feedtsys, momentarily short the cable's center conductor
the shield immediately before connecting it to thealyzer.This simple procedure will discharge any static
buildup on the antenna and prevent damage to thigzan's sensitive detector diodes.

2.) Connect the antenna lead to the analyzer's3@@tennaconnector.
3.) Set the VFO's twBrequencyselector band switches to the appropriate range.
4.) Turn on thé?owerswitch while watching the display. Battery voltagieuld readK (11-16 volts).

5.) Following the boot screens, the default mod# egme up with the working screen féirequency SWR
ResistancéR), and ReactandX). The SWRandIimpedanceanalog meters will also become active.

7.1598 MHz 3.6 14.095 MHz 72>25
R=183 X= 62 SWR R(Z>650) SWR

6.) Adjust Tune (the VFO capacitoras needed to find your desired test frequency tuoe until you obtain a
minimum SWRreading.
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Note that the MFJ-259C also h#@slvancedantenna-measurement modes that are described ciior$s.0.
However, unless you have a strong working knowleafgeF systems, you may find these added modamaeH
value. Most represent more technical ways of exgimgshe same data offered by the basic modes.

Antenna hints:

1.) Measuring Antenna Il mpedance: For complex impedance measurements, you must litistahnalyzer as
close as possible to the element's feed point ifwith 1-2 degrees of phase shdt)use a precisely cut 1/2-
wavelength of cable displace the calibration playa controlled amount (360-degree phase rotation).

2.) Electrical Half-Wavelengths of Cable: Installing a half-wavelength of cable between Itieel and the
analyzer will rotate phase a full 360 degrees ab tfo apparent transformation takes place in tiee li
However, the responsdll only be transparent on one discrete frequerieyen a small frequency change will
begin to skew your impedance readings and may gvéinthe antenna's resonant frequency becauseatite
will begin to introduce its own reactance into g#ystem. Errors will compound with multiple half-
wavelengths, so limit cable to one or two phasatiats at most!

3.) SWR, Resonance, and Impedance: It's always preferable to measure SWR rather thaasonance or
impedance magnitude (Z) as the standard for adjogtiyour antenna.By definition, minimum SWR (1:1)
and maximum power transfer occur when the soure@smission line, and load impedance are all oakqu
value. Resonance occurs when reactance fully caiatehe antenna's feed point and the load becpuorety
resistive (Xc+XL=0). Although Minimum SWRand Resonanceften coincide closely, they are not directly
correlated and rarely occur on exactly the sanguracy. If your antenna doesn't happen to preseAtahm
load at resonance, there will still be resistivesmmtch in the system and lower SWR may actuallyrooo
some other frequency. By the same token, if yousidjour antenna for dmpedanceaeading of 50 ohms, the
load could have a substantial reactive componenyf. (=46, X=17) that elevates SW&hd shifts the
minimum-SWR point to a different frequen&§WR is always your best predictor of antenna perfi@ance!

4.) Tuning and Matching: Unlike simple wire dipoles, many antennas such agi¥'and verticals are adjustable
for both resonant frequencyndimpedance matchBegin by setting these antennas for the elensmth
prescribed in the instruction sheet -- or the dated length. Then, adjust the matching networkrarimum
SWR. The two adjustments (tuning and matching)separate but often interact, so be prepared tmaliely
readjust both element length and network settingqadbieve minimum SWR at your exact frequency of
interest.

5.) Adding and Removing Feedline: You should be able to add or remove lengths dafiiiee (or measure SWR at
any point along the feedline) without observingigngicant change in SWR. It is normal to see S\dMp
slightly as cable is added, or seénitrease slightlyas cable is removed because of changes in resistise
However

(a.) if your SWR measuremerdbange a lowith relatively small changes in cable length, or
(b.) SWR changes as the cable is moved around, or

(c.) SWR changes when the coax shield is grountlsdrae point part way between the antenna and the

radio, look for a feed problem!
Here are some possibilities to check:

6.) Common Mode Current: Your coax may be carryingommon-Mode Currerdn its outer shield and radiating
RF. To eliminate this problem, install a Guanellarent balun at the feed point. It will isolate gtgeld from
the radiating portion of the antenna, stabilize SW#luce receiver noise, and suppress "RF in theksh
Installing a balun is good engineering practicand always worth doing!

7.) Defective Cable: Your coax may not really be 50 ohms. Kinks, wategréess, oxidation, corrosion, bad
connectors, improper manufacturing, poor qualityewen mislabeling may be the cause. Check SWR avith
dummy load installed at the far end of the calil¢hé SWR is elevated or thmpedance (Zjluctuates very
much as you tune the analyzer's VFO, suspect defezble.



MFJ-259C Instruction Manual HF/VHF SWR Analyzer

8.) Excessive Transmission Line Loss: Your cable may exhibit unusually high losses causgdilamage or
contamination. Or, it may simply have too much nakrattenuation for the frequency range where you're
using it (especially true at VHF). To look for uweaptably high loss, unterminate the cable at itefad and
use the analyzer@oax Losanode to check it against specified values.

4.3Coax Loss

Access the analyzer®oax Losanode by stepping thdode switch to theCoax Lossdentification screen. The top
line of the working screen displaygequencyin MHz and the lower line showSoax Lossn dB. Note that the
Impedancemeter is disabled in this mod@oax Losswas designed to measure losses in 50-ohm cahles|do
effectively measures the differential-mode lossniany types of 50-ohm transmission-line transformehoke
baluns, and 50 ohm attenuator pads.

CAUTION: Do not measure conventional transformersy attenuators and coaxial cables that are not Snes
When making measurements, the opposite end of tlegick under test must have an open circuit, a short
circuit, or a pure reactance for termination. Anyos resistance will make attenuation appear workarnt it
actually is.

To measure loss:

1.) Connect the 50-ohm cable, attenuator, trangonidie type balun, or transformer under testhie Antenna
connector. Confirm the distant end of the DUT ise‘tinated by a resistance.

2.) Turn the analyzedN and toggle th&lode switch once to the Coax Loss Screen.

Coax Loss

3.) Tune the analyzer¢FO to the frequency where you wish to measure loss.|®és in dB will be displayed for
any specific frequency you select between 0.53280dMHz.

28.721 MHz 144.23MHz
CoaxLoss = 24dB CoaxlLoss = 06dB

4.4 Capacitance

Access theCapacitance Modéy stepping thélode switch to theCapacitanceidentification screen. The top line

of the working display shows thi&equencyin MHz and the Capacitive Reactance (Xc) of thel that specific
frequency. The lower line displays the compuBapacitancein pF. Normally, the measurement range is from a
few pF to a few thousand pF. The MFJ-259C becomascurate when measuring reactance below 7 ohms or
above 650 ohms. If reactance falls into the inateurangeC(X<7), C(X=0), or C(Z>650) will be displayed.
Capacitance values are not displayed when the mexasat accuracy is questionable (see examples below

15.814 MHz 51 4.0456MHz 4,0456MHz 4,0456MHz
C= 197 pF Xc C(Z>650) Xc C(X<7) Xc C(X=0) Xc

Finding the Reactance Sign:

The MFJ-259C measures the DUT's reactdXgand mathematically converts it to a capacitanteevdiowever,
the analyzer's processor can't determine if thetaeae it measures is actually inductive or capecitYyou can
usually determine the type of reactance by adjgdtire VFO frequency. If you tunep in frequencynd reactance
(X) on the display or metetecreasesthe load is capacitive (-j) at the measuremesguency. If you tundown in
frequencyand reactancdecreasesthe load is inductive (+)) at the measuremerguency.
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To measure a capacitor:

1.) Turn on the analyzer and toggle Medeswitch twice to bring up th€apacitancadentification screen.

Capacitance
in pF

2.) Connect the capacitor across Argennaconnector with the shortest leads possible, outlthe lead length
normally used in the actual circuit to include gti@ad inductance in your measurement.

3.) Adjust theVFO to your frequency of interest. If a range warnagognes up, find the closest frequency where no
warning appears. Warnings a&£€Z7>650) C(X<7), andC(X=0). TheC(X=0) warning indicates the capacitor
appears as a near-perfect short.

When measuring a capacitor, it's displayed valupRnwill typically change with the test frequendihe change
occurs because stray inductance inside the capacitbin the wires leading to the calibration plamne in series
with it. The actual value (in pF) for most capaistdoes increase with frequency and may reachitpfivhen the
capacitive element and its stray inductance becsenies-resonant. This frequency is called the é&s&eries
Resonant Frequencywhere X=0). Bypass capacitors are sometimes imesity operated at or near this
frequency, but for most applications, the frequesatill be far below it. In addition to the displdiie analyzer's
Impedanceneter displays the reactance (X in ohms) of theciaqr.

4.5 Inductance

Access thdnductancemode by stepping thiglode switch to thelnductanceidentification screen. The top line of
the working display shows théFO Frequencyin MHz and thelnductive Reactance (Xl9f the DUT at that
particular frequency. The lower line shows tinductancein uH. Inductance is calculated using the measured
Reactance (XL) and the VFO frequency. The MFJ-288Cbecome inaccurate when measuring reactanaabel

7 ohms or above 650 ohms. If component reactaiisari¢o an inaccurate range(X<7) L(X=0) or L(Z>650) will

be displayed. No inductance value is displayetéaftange is questionable.

15.814 MHz 51 144.04 MHz 3.5456MHz 4.0456MHz
L= 0.513uH X L(Z>650) X LX<7) X LX=0) X

Positive Reactance Sign:

The MFJ-259C measuré&actancgX) and mathematically converts it to &mductancevalue, but its processor
can't determine if the reactance is inductive grac#tive. You can usually determine the type (@n¥iof the

reactance by adjusting the VFO. If tunimg in frequencycause the reactance decrease the load is likely
capacitive (-j) at the measurement frequency. iitg downin frequency causes the reactancelégreasethe

load is likely inductive (+]) at the measuremersgfuency.

To measure an Inductor:

1.) Turn the analyzer on and step Medeswitch three times to bring up theductancedentification screen.

Inductance
in uH

2.) Connect the inductor (DUT) across thetennaconnector using the shortest leads possible, tir thie lead
length normally used in your working circuit to inde stray inductance in the measurement.

3.) Adjust theVFO to your frequency of interest. If an error sign eshup, choose the nearest frequency where no
warning appears. The L(X=0) warning indicates theuictor looks like a near perfect short to the yreals
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bridge and the frequency is too low (or the induttm small) to measure. The digital display anel dnalog
Impedancameter both present the DUT's reactance (X) in ohms

When measuring an inductor, its displayed valu¢ sometimes change with the test frequency. Thigpbas
because of stray capacitance between coil windamgsin the leads going to tntennaconnector. At RF, the
value of an inductor (in uH) may appear substaytidifferent from its "rated” value that was deténed at a
lower frequency. With increasing frequency, meaguneluctance usually increases and, at some haguéncy,
the coil may become self-resonant and appear apean circuit(or a trap) with infinite reactance. At some very
low frequency, it may look like a short.

5.0 ADVANCED OPERATION

To access the Advanced Mode, press and hold thee@atl Mode buttons simultaneously for several set®n
When you release, thedvancednessage appears on-screen. Atleanced Menteatures the following modes:

Impedance. .........iiiiiiiiii SWR, impedance magnitude, phase angle of impedance
Return Loss and Reflection Coefficient..... SWR, return loss, impedance, reflection coefficient

Distance to fault ...........cccevvviiiiiiiiiiiiiiinnnn, SWR, impedance, and distance to fault

Resonance .........ccccovveeviiiiiiiii, SWR, resistance and reactance

Transmit efficiency ..., SWR, Impedance, Forward power as percentage of apippower
5.1 Forward

In Advanced Mode, the MFJ-259C measures:

(1.) Distance to Fault

(2.) Impedance Magnitude

(3.) Reactance

(4.) Resistance

(5.) Standing Wave Rati¢gSWR).

It also converts basiSWRdata into alternative parameters suchRa&surn Loss, Reflection Coefficient, Match
Efficiency, Transmission Loss, and Percentage giafgnt Power in the systefsee equivalency chart below). All
of these terms have a corresponding SWR valuehathto them, so if they seem unfamiliar and youehaw
specific need to apply them, sticking with basicFS¥Weasurements will serve you just as well!

SWR
10 16 19 25 35 45 55 65 75 8595 120 160 20.0 40.0 0o

13 17 20 30 40 5.0 6.0 70 80 90100 140 180 300 500

REFLECTION COEFFICIENT
0 0.3 0.4 05 06 07 08 09 1

POWER REFLECTED (%)
0 20 40 60 80 100

10 30 50 70 90

RETURN LOSS (dB)
-] 10<|7 8 7 6 5 4 3 2 1 08 06 04 02 O

13 9585 75 65 55 45 35 25 1.5 09 07 05 03 01

POWER TRANSMITTED (%) = MATCH EFFICIENCY (%)
100 80 60 40 20 Q

90 70 50 30 10

TRANSMISSION LOSS (dB)
0 04 06 08 1 2 3 4 |5 6 7 8 10

02 05 07 09 15 25 3.5 4.5 55 65 7.5 9 =]

11
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MFJ-259C Limitations for Advanced M easur ements:

The analyzer's coupler uses a 50-ohm bridge wittage detectors across each leg. An eight-bit mamtroller
processes these voltages and applies formulasritvedeseful information from them. The basic ca#tidns are
Resistance, Reactance, SW&dd Complex Impedancdn accuracy challenged modes, the system crosisshe
itself and presents a weighted average of the madistble information. The overall resolution of thgstem is
limited by eight-bit A/D conversion while some tifet formulas contain square-law and higher-ordectfans. As

a result, some data jumping may occur at the edfes least-significant-bit. The resolution of theadyzer's
compensated detector is accurate to about 0.5 étcaminimize the opportunity for error, we use thest direct
calculations possible.

Technical Resour ces:

As suggested previously, if you wish to delve irdeacquire a deeper understanding of electromagnatic
transmission line theory or the associated vocapulfis always best to choose sources that haea Ipeer-
reviewed and edited by professional RF-design exggs1 Not all of the casually posted information'yaead
online or hear over the airwaves meets high stalsdafrtechnical reliability!

5.2 General Connection Guidelines

As before, use thAntennaconnector for all RF-measurement except thoseraguency Countemode. During
testing, the analyzer's VFO (or "stimulus genefatdelivers about +7 dBm of RF output (around 0.:RMS),
and appears like a 50 ohm source resistance. Tieenimated (open circuit) voltage increases to exprately 1
volt RMS. Harmonics are better than -25 dBc over YO operating range. While the VFO is not freqyen
stabilized, it is useful as a discrete signal sedoc many applications. Also, note that #hrtennaconnector is not
dc-isolated from the load, so any external biasaga will couple directly to the internal detectalisdes and
potentially damage them.

IMPORTANT WARNING: Never apply external voltages &F signals to the antenna connector. Protect this
port from ESD.

Again, use secure RF connections, and keep leamis &b possible when measuring components or sgsbémer
than Zo=50 ohms. Also, assume that installing adoamlength transmission line between the DUT aral th
analyzer's calibration plane can amslally will substantially altetmpedancemeasurements. When measuring
SWR, use properly constructed 50-ohm coaxial cadfl&gown quality and check connector condition.

5.3 (Magnitude of) Impedance mode

Impedance Magnitudés the first measurement mode in the advanced méne MFJ-259C also allows you to
view Impedance Magnitudom the basic-men8WR/Impedance R&Xode by simply pressing tlgatekey. In
Advanced Mode, the identification screen limpedance Magnitudis shown below:

IMPEDANCE
Z=mag. O=phase

The working display presents thd=O frequency,impedanceMagnitudein ohms, and th®hase Anglg 8 ) in
degrees. The analog meters also indicate SWR apddamce. The maximum impedance limit for this miedset
at 650 ohms, as indicated by {Z&650) message:

28.814 MHz 3.6 4,0456MHz >25
7=8700=53"SWR (Z>650) SWR

Stray Connector Capacitance: The 4.4-pF stray capacitance contributed by théyaeigs SO-259 connector will
not affect HF measurements and produce only minar® for Impedances readings at VHF. Error willrbest
pronounced at 230 MHz.

12
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5.4 Return Loss and Reflection Coefficient mode

From Advance Modeopen theReturn Lossand Reflection Coefficientlisplay by tappindMode one time. The
identification screen is shown below:

Return Loss &
Reflection Coeff

On the working screen, th&-0O frequency andWRare displayed on the top line, while the bottone lpresents
the equivalenReturn Losgin dB) and the/oltage Reflection Coefficiefjt). The analog meters display SWR and
impedance.

14.159 MHz 1.0 144.23MHz 1.9
RL=48 dB ps0SWR | |RL=9.6dB p32 SWR

5.5 Distance to Fault mode

From Advance ModeenterDistance to Faulby tappingModetwice. The identification screen is shown below:

Distance to
fault in feet

This mode is useful for finding the physical oratteeal length of a random piece of cable, or fording the
distance to a transmission line faWnbalanced linesieed not be isolated during testing and may Hedton the
floor. For balanced lineqladder line, open-wire feeders, etc), run the MBIC on internal batteries and keep it
at least a few feet away from earth and other cotods. Attach only the DUT (no other wires) -- dead to the
center pin of théAntennaconnector and the other to the case via the gingnstud. Suspend two-wire balanced
feeder in a straight line so it remains clear ofattie objects and ground by at least a few feet.

The Distance to Faultest measures thedectrical distanceo the transmission line's abnormality. To obtdie t
physical distancemultiply electrical distancdimes the feed line’s specifiatelocity Factor(Vf). For example, if
the analyzer display reads DTF = 75 feet and taesmission line is typical RG-8 with a specifiedbedy factor
of 0.66, the physical distance to the fault will B& x .66 = 49.5 feet.

An open or a short-circuit at the fault yields basturacy -- some resistive and reactive loads©rterminations
may skew the results or simply not work. To condbettest, follow the specific sequence of stefbrmad below.

To measure fault distance:

1.) Connect the DUT to the analyzefatennaconnector. FronAdvancedmode, tap thélode switch twice to
bring up theDistance to FaultD screen. The top line of the working screen difiplay theVFO frequency in
MHz followed by 1st blinking at a rapid rate. Thest indicates the analyzer is waiting for entry of firet
X=0 frequency. The lower line displaizsTF (no data showing) and with theReactanceeading in ohms.

2.) Begin by searching for the lowa#tO frequency where thienpedancemeter shows a sharp null and where the
reactance value on the screen approaches zero.(Xp@gsible, find arexact frequencywhere X=0:

21.324 MHz  1st
DTF X=0

3.) When you've found the first X=0 null, tap tBate button once to enter it. The blinkirdgt will change to a
blinking 2nd Now, tune to the next higher X=0 null. A minimueading of a few ohms is acceptable if the X
display won't zero.

42.648 MHz 2nd
DTF X=1

13
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4.) PressGateagain, and the display will indicate tBaF. Multiply the DTF times the velocity factor of the cable
(V1) to get thephysical DTH(distance in feet).

Dist. to fault
11.3ft x Vf

5.6 Resonance Mode

From theAdvancedmenu, tap théVlode switch three times to bring up tlkesonance Modi screen. The top
line of the working screen displays th&O frequency in MHz followed bySWR The lower line displays
Resistance (Rdnd Reactance (X). Resonance Mddections exactly the same as in the analyzersscI8WR
mode, except thanalog impedance meter measures Reactance ratherithpedance magnitud&his feature
allows the operator to more easily observe fregesnwhere system reactance crosses zero. ViReattance
equals zero (X=0), all capacitive and inductive poments at the load are cancelled out (XL+Xc=0) #mel
circuit is said to b&esonant

Resonance mode
fune for X=0

Accuracy Note:

As previously discussed in Section 4.2, when meabkihro feedline, readings indicating zero reaaaor

resonance) may appear at frequencies where therenitself isn't actually resonant. Conversely,ahtenna may
appear to exhibit some reactance even at its tesenant frequency. To ensure measurement acculteey,
analyzer's calibration plane should always be &mtads close to the DUT (or as close to O-degregshate
rotation) as possible.

5.7 Percentage Transmitted Power

From theAdvancedscreen, toggle thMode button four times to opeRercentage of Transmitted Powdrhis
parameter is yet another way of representing tisec[88WR measurement (see chart at 5.1). Mathenlgtitas
an inverse presentation of the Percentage of ReflePower scale. If your load measures 3.1:1 SWiR, t
Percentage of Reflected Power the system will be 26%. By subtracting 26% fra@0%, thePercentage of
Transmitted Poweis 74% (see examples below).

1.8963 MHz 3.1 50.097 MHz 1.3 29.538 MHz >25
Power = 74 % SWR Power =98% SWR Power< 15% SWR

Note that thePercentage of Transmitted Powaray be open to misinterpretation because the poiltenately
absorbed into the load may be significantly différéhan the rawPercentage of Transmitted Powparameter
might suggest.

6.0 ADJUSTING SIMPLE ANTENNAS

Most antennas are tuned for operating frequencyalying the element length -- and most homemadgceaés
and dipoles are very simple to adjust.

6.1 Dipoles

Because the dipole is a balanced antenna, it'syalavgood idea (and good engineering practice)dtall a balun
at the feed point. A balun could be as simple asragturns of coax wrapped several inches in diarmar it could
be a complicated affair with many windings on adearagnetic core. A 1:1 Guanella "current” balun mewn a
toroid core made from material with the appropriggemeability is usually the most effective choice.

14
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The height of a dipole above ground, as well assamyounding objects, will influence the feed pampedance
and SWR. Typical residential heights usually regulminimum SWR readings below 1.5:1 when usingo&fs

coaxial cable. In general, the only adjustmentlalsée for tuning a simple wire dipole is its lengthtoo long, it

resonates too low in the band. If too short, ibneges high. You may be able to improve the ma&NR) by
raising or lowering the element in relationshiggtound. However, doing so may impact other pararaetech as
the best take-off angle for distant or local cotgd@OA).

Anytime the antenna impedance and feedline impezldnaot precisely match each other (as is ustiadlgase),

the feedline will act like a transformer and modtig Impedanceof the load placed at the opposite end. However,
if you use good-quality 50-ohm cable, tB¥VRshould remain constant except for a small reduct@mused by
resistive loss as the line is made longer. If clirmgpghe coax length by a relatively small amourdropesSWRat
your test frequency, the feedline either has commode current flowing on the outer surface of thield that is
detuning the antenna, or the feedline itself is redlly 50-ohm cable. Common-mode current caused by
conduction typically occurs when no balun has bestalled at the feed point to choke it off. Commonde
induction currents may also result from other itiateon errors such as running the feedline paratéher than
perpendicular to the radiating element. Repositigrthe feedline may reduce unwanted inductive ¢ogpl

6.2 Verticals

Verticals in the "monopole” class require a groyshahe. To simplify installation and cut costs, macturers
sometimes (incorrectly) downplay the importancarmfeffective radial systerhen installed over a good ground,
the impedance of a quarter-wave radiator may be dowv, with SWR running nearly 2:1. Ironically, eva poor
ground, minimum SWR for the same antenna could avgrto 1:1. However, if the ground system is poor,
antenna performance will be compromised despiteréiole SWR readings. Far better to install the gestind
system possible and configure a matching netwotkebase of the vertical element to match int@-albm feed
system. Verticals tune the same as dipoles -- enigtt to lower the operating frequency and shaddenise it.

Another class of verticals are considered "grourkpendent” because they come with a counterpoiswyid

radial system built into the design. These anterarasusually configured as multiband OCFDs (offteerfed
dipoles) with the longer leg being the dominantieat radiator. Ground independent verticals temaork more
efficiently when elevated well above ground ratttexn when installed in close proximity to it becawo$ reduced
ground losses. Many use multiple resonators orsteaqa have a matching network at the feed poinstigmund-
independent vertical elements are asymmetricalragdire a highly effective baluns to prevent thedfine from
becoming part of the antenna system.

6.3 Tuning a simple antenna

To tune a basic dipole fed with 50-ohm coax, foltbne steps outlined below:

1.) Momentarily short the center conductor andldie bleed off static, then connect to #hetennajack.
2.) Set the analyzer's band switches ¥R® tuning for the desired band.

3.) Select any analyzer operating mode that wilpdiySWR

4.) Read th&WRand adjust th&FO tuning for minimumSWR Write down the frequency.

5.) To re-tune your antenna accurately withouttai@ut-and-try, calculate &caling Factor.

6.) First, determine if the antenna needs to betsh¢higher in frequency) or longer (lower in feemcy).
7.) To make ishorter ( higher)divide thepresent frequencly thedesired frequencyscaling factor <1).
8.) To make ifonger (lower) divide thedesired frequenciy thepresent frequencgscaling factor >1).
9.) Multiply thescaling factorby thepresent lengtho calculate the new length.

For example, suppose your 132-foot dipole has kRSN 3.750 MHz and you want to move it to 3.900 MH
needs to be shorter to tune higher, so you caktitet scaling factor3.750/3.900 = 0.96. Next calculate the new
length: 132 feet x .96 = 126.7 feet. Note that scaling only applies to full-size veats and dipoles that don't use
loading coils, traps, stubs, resistors, capacitorscapacitance hats. Antennas with these featsihesld be
adjusted according to the manufacturer’s instractio
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7.0 TESTING AND TUNING STUBS AND TRANSMISSION LINES

7.1  Testing Stubs

To measurdresonant Frequendgr a matching stub or transmission line, selbetSWR/Impedancmode in the
Basic Menu(opening mode). Note that DUTs measuringAl&hd odd multiples (1M 3/4., 5/4\, etc) are
terminated with an open circuit at the far end. BUfeasuring 1/2and even multiples 1 1-1/2\, 2)) are
terminated with a short circuit.

Coaxial lines may be piled or coiled on the floordathe analyzer operated on external power. Cageslare
connected to the analyzer's SO-239 connector Wwithshield grounded. Fanalanced lineyun the analyzer on its
internal batteries, keep it a few feet away frofmeotconductors and earth, and do not attach aay sfres (other
than the feedline itself). Connect the DUT with dead to the analyzer's ground stud and the ot to the
Antennaconnector center pin. The DUfustbe suspended and kept away from metallic objeadsgaound. When
tuning frequency-critical stubs, trim thegradually using the method outlined below:

1.) Determine the DUT's target frequency and cateuthe length to formula.

2.) Cut the DUT 20% longer than your calculatecytén

3.) At the far end, install a short for 1/and even multiples -- or leave it open forXléhd odd multiples.

4.) TuneVFO to find the frequency of the lowelshpedancenull. To fine-tune the null, watch tHeeactancgX)
digital display and adjust as close to zero asiplasdf your calculations were correct and thedfeee Vf
accurate, the null frequency should be about 20Bsbgour target frequency -- reflecting the 20%saitdded
length.

Continuing:

5.) Divide thepresent frequencly thedesired frequencio calculate &caling Factor
6.) Multiply theScaling Factorby the feed line’presentphysical length to find thdesiredphysical length.
7.) Cut the stub and confirm that the reactanck(X=0) is on the desired frequency.

7.2 Velocity Factor of Transmission Lines

To determine thé&/elocity Factor(Vf) of a transmission line, select tiéstance to Faultmode by entering the
Advancednenu and pressingodetwice. The opening screen is shown below:

Distance to
fault in feet

Coaxial linesmay be piled or coiled on the floor and the anadyzan be operated on external power. Coax lines
are connect to the analyzer's SO-239 connectorthvéitshield grounded. Fbalanced linerun the analyzer on its
internal batteries, keep it a few feet away frofmeotconductors and earth, and do not attach aay sfres (other
than the feedline). Connect the DUT with one leadhte analyzer's ground stud and the other toAtmenna
center pin. The DUTustbe suspended and kept away from metallic objeaisgaound.

Note that thefar end of the line may be terminated with an opeanuit or a short circuit, but should not be
terminated by any other impedance or resistancaezal

To computeVelocity Factor you must measure both tleéectrical length (DTF)and thephysical lengthof the

line. Velocity factor is calculated by dividing thghysical lengthby the electrical length.For example, if the
analyzer displays aelectrical lengthof 75 feet and the physical length measures 4@t fiee velocity factor will
be: Vf=49.5/75 = 0.66.

To check reliability, make two or more groups ofaserements using different starting frequenciesexpat least
one octave apart. If measured distances agree, ngmuit is confirmed. The more frequencies you fmse
confirmation, the greater your assurance thatelalts are correct.
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To measure velocity factor:

1.) Connect the DUT and tune the analyZ&O to a frequency where the analbgpedancemeter nulls and
where reactance displayed on the screen approacleessses zero (X=0).

21.324 MHz Tst
DIF X=0

2.) TapGateonce to enter your first=0 frequency. The blinkindstwill change to a blinkin@nd

21.324 MHz 2nd | [39.786 MHz  2nd

DIF X=0 DIF  X=202

3.) Tune the analyzer higher (or lower) in frequenctil the Impedance meter reads tiextnull and the display
again crosses zero. If you can't obtdr0, then a minimum of a few ohms is acceptable.

68.511 MHz  2nd
DIF  X=1

4.) TapGateagain, and the display will show electrical distam feet.

Dist. fo fault
10 ftx Vf

5.) Using a tape measure, find the physical lefithe DUT in feet.
6.) Divide yourphysical lengthmeasurement by thedectrical lengthto calculatevf.

For example, if you measure 27 feet of cable ardfiF mode displays 33.7 feet, divigdysical length(27) by
electrical lenght33.7 feetVf = 27/33.7 = 0.80. Note thatVelocity Factor (Vfimay also be expressed\aslocity of
Propagation (Vp)Velocity of Propagation is an equivalent term egsed as a percentalyp = 80%)

7.3 Impedance of Transmission Lines or Beverage ant ennas

This procedure will show you how to measure theddgmce of transmission line ranging from a few obor&50
ohms directly -- and also how to measure even highpedance lines using a broadband transformegesistance

to extend the analyzer's range. To measure thessageparameters, use the analyzer's default S\RRsistance
(R) and Reactance (X) Mo@eigmented by thenpedance Magnitudiinction (access by pressing and holding the
Gateswitch).

M ethodology:

When random-length transmission line is termindigc load of the same impedance, no transformanoours
between the cable's near end and far end. Howasesgon as a mismatch is introduced at one endnftelance
transforms to a value higher or lower than the'sicharacteristic impedancat the opposite end. If viewed on a
Smith Chart, the transformed impedance would litgtaace a circle around the characteristic impegtaof the
transmission line with every 360-degree phase.shife greater the mismatch in ohms, the greateathgitude
(or diameter) of the circle. We can use this bebrato determine the impedance of an unknown lirekiflg one
approach, we intentionally introduce a resistivesmmatch at the far end of the line, measure the diapee
transformation over a 360 phase rotation at the eea, and calculate the impedance at the centerw®
introduce different trial loads of known resistaratethe far end until we find a value where theledlecomes
"flat" across a wide range of frequencies. In essemve create a circle and then shrink it downluwrtly the
center remains.

As recommended for other transmission line test@xial cablemay be piled or coiled on the floor and the
analyzer operated on internal or external power.datanced linerun the analyzer on internal batteries, keep it
away from other conductors or earth, and don'tht&iray wires other than the DUT. Connect theriiadd DUT
with one lead to the analyzer's ground stud andther to theAntennacenter pin. The DUTustbe suspended
and kept a few feet away from metallic objects gnalind. Beverage antennas must be connected gitedthe
analyzer.
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Line Impedance Using an I ntentional Mismatch:

The test resistance should be somewhere neariffaredt from) the line's anticipated impedance.aivithoosing
a resistance value, consider the limits of theymesls measurement range (7 - 650 ohms) and stawiti@n it.

1.) Connect the DUT to th&ntennaconnector.

2.) Terminate the far end of the DUT with a nontiotive test resistance.

3.) TuneVFO to thelowest frequencwhere thdmpedanceandResistancéndicators both null.

4.) Fine tune to find wher¥ is closest t® andR is at its minimum value (null).

5.) Pres$5ateto confirm6 = 0°. Write down thd&Resistance (Rjalue as R1.

6.) Tune up in frequency to find a distinotpedance pealOnce againX should approach or equal 0.

7.) Fine tune for thaighestResistance (Rjalue and confirn® = 0°. RecordResistance (Rgs R2.

8.) Multiply R1 x R2 and find the square root oétproduct. The result is the line's characterigtigedance.

Example R1 = 37 ohms. R2 = 66 ohm87 x 66 = 2442. The square root £9.42 ochms.

Line Impedance Using a Potentiometer or Resistor Decade Box:

Limit these measurements to the HF region becatuag seactance from a potentiometer or decade boidc
become a significant source of error at VHF fregires Also, use only non-inductive resistancesviire-wound
resistors). If needed, you may install a broadb#magisformer of know performance accuracy to extémel
measurement range.

1.) Connect the DUT to th&ntennaconnector.

2.) Terminate the far end with a potentiometeresistance decade box.

3.) Adjust the analyzer¥FO frequency and notenly the SWR change (SWR need not be low).

4.) Adjust termination resistance until SWR remaiosstant over the widest possible range.

5.) The resistance of the termination resistohésline impedance (or surge impedance of the system

7.4  Adjusting Tuners

Use a short patch cable to connect the analyA@tennajack to the tuner's 50-ohm input. This connectiogy
also be made with a manual RF switch to facilitedpid changeoverprovided the switch has >50-dB port
isolation. When using any in-line switch, make sure themoipossible way for the transmitter and the analize
become inadvertently connected!

Important Warning: Always connect the common (rotacontact) of the external RF switch to the tunéfFhe
switch must connect either the MFJ-259C or the stat transceiver to the tuner. Transmitting equipmemust
never be configured in a manner where it could adentally become connected to the MFJ-259C.

1.) Patch the analyzémtennajack to the tuner input connector.

2.) Connect the desired antenna at the tuner oatputector.

3.) Tune the analyz&rFO to the desired frequency and leave it there.

4.) Select the analyzer's baSi¢/R, Resistance (R), Reactance (X) Mode.

5.) Adjust the tuner's controls until the analyg8WRindicators show unity (1:1).
6.) Turn off and disconnect the MFJ-259C. Re-cohttextuner to the transmitter.

7.5  Adjusting Amplifier Matching Networks

To use the MFJ-259C for testing and adjusting RFpldiers or other matching networksithout applying
operating voltagessee the instructions below. Note that all tubes$ ether components should be left in position
and connected so that all sources of stray capaeitaill remain unchanged.
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To measure input circuits: Install a non-inductive resistor equaling the agpnate driving impedance of each
individual tube between the cathode of each tulsethe chassis.

To measure tank circuits: Install a resistor equal to the tube's calculagerating impedance from the anode to
the chassis usinghort leads

The antenna relay (if internal) may be engagedguaismall external power supply. Closing the reldlyconnect

the amplifier's external RF input and output cortoes to the amplifier’s internal RF-matching netimr The
appropriate network may now be adjusted. When theyaer reads 50 ohms and 1:1 SWR at the operating
frequency with the proper amounts of capacitanaetahe system Q, the networks are functioninggnyg.

Caution: The driving impedance of most amplifierslixchange as the input drive level is varied. Domattempt
to adjust the input network with the tube in an opging condition using the low level of RF generatdy the
MFJ-259C stimulus generator!

7.6 Testing RF Transformers

The MFJ-259C can test any RF transformer preseratifg-100 ohm termination on one of its windingen@ect
the 25-100 ohm winding to the analyzekistennajack using avery short50-ohm pigtail (<1° phase shift). The
other winding (or windings) should be terminatedhwa low-inductance resistor equal to the desimeat |
impedance. Sweep the analyz&fR0 across the DUT's intended operating range. UsbdseSWR, Resistance
(R) Reactance (Xylode (plus the Impedance Magnitude [Z] option) taleate the DUT's impedance and useable
bandwidth. You may also measure the transforméitseacy by comparing the source voltage generdngdhe
MFJ-259C to the load voltage using standard poeeeticonversions.

7.7 Testing Baluns

To test balun performance, connect the analjagennajack to the balun's 50-ohm unbalanced input. Teat®
the balanced side with two equal-value load resstonnected in series to make up the requiredilfopédance.
For example, to test a 200-ohm (4:1) secondaryayssr of 100-ohm carbon (non-inductive) resistorseries, as
shown below in Fig A:

Fig A Fig B
A LRL A R1
—o
50 Ohms 50 Ohms
Balun Balun
Unbal C : : B} Unbal | .
R2 C R2
Clip Lead Clip Lead

A properly designed current balun works best forimt@ning current balance. It also has the higlmester

capability and lowest loss for given materials. &valuate the balun (DUT), measuB8/Rwhile connecting the
grounded clip lead to point A, B, and C. When fimring properly, a current balun will exhibit loWABR over its

entire operating range with the clip lead instabi¢@ny of those three positions.

A well designed voltage balun should show low SWRraits operating range with the clip lead insudhlkt
position B, but show poor SWR with the clip leadnistalled at A or C (note, however, that the SV¢8dings
should measure about the same whether connectadotoC). A voltage balun should also be tested gigime
configuration shown in Fig B, with the resistorsparallel. If it is operating properly, SWR will lemain low
with the resistors connected from either outpunieal to ground.
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7.8 Testing RF Chokes

For testing self-resonance in chokes, use the a@maly basicSWR, Resistance (R) + Reactance (X) Madege
RF chokes often have frequencies where distribatgghcitance and inductance form a low impedaerees-
resonance Series resonanceccurs because the choke winding acts like a ssictesf back-to-back L networks.
This condition can potentially result in three geobs:

1.) The end-to-end Impedance of the choke becoergdaw.
2.) The voltage at the center of the resonant gmnbmes very high, often causing severe arcing.
3.) The current in the winding becomes very hidgteroresulting in severe heating.

To detect troublesome series resonance, instalictioke in its designated operating location andneoh the
analyzer in an end-to-end configuration througtherts50-ohm jumper cable (with no other connectioStowly
sweep the choke's operating range looking for iraped dips that identify low-impedance series-resbna
frequencies. When detected, move a small insulsteglvdriver blade along the choke to find a poihere the
series-resonate impedance changes suddenly. Ttiie i®gion that has the highest voltage presert.tlae area
where adding or subtracting even a tiny amountaphcitance had the greatest effect. To shift therance out of
the desired frequency range, try removing turnsetuce capacitance -- or adding a capacitive stubmall
change in capacitance has a much more impact tla&kimga small change in inductance because the ofli to

C is so high.

8.0 TECHNICAL ASSISTANCE

If you have any problem with your MFJ-259C, firsteck the appropriate section of this manual. If nenual
does not reference your problem and the problerh ssived by reading the manual, you may b&HJ Technical
Serviceat 662-323-0549 or the MFJ Factory at 622-323-5869. We can serve you best if you have your unit,
manual, and all pertinent information about youfialilty handy so you can answer questions thenetans may
ask.

You can also send questions by mail to:

MFJ Enterprises, Inc.,
300 Industrial Park Road,
Starkville, MS 39759;

by FAX to 662-323-6551; or by e-mail to techinfo@anterprises.com. Send a complete descriptionoof y
problem, an explanation of exactly how you are gisiour unit, and a complete description of youtista
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FULL 12-MONTH WARRANTY

MFJ Enterprises, Inc. warrants to the original awefethis product, if manufactured by MFJ Entergsis
Inc. and purchased from an authorized dealer ectlyrfrom MFJ Enterprises, Inc. to be free frorfedes
in material and workmanship for a period of 12 rherfrom date of purchase provided the followingner
of this warranty are satisfied.

1. The purchaser must retain the dated proof-of-@gelibill of sale, canceled check, credit card
or money order receipt, etc.) describing the prodocstablish the validity of the warranty claim
and submit the original or machine reproductioswh proof of purchase to MFJ Enterprises, Inc.
at the time of warranty service. MFJ Enterpriseg, Ehall have the discretion to deny warranty
without dated proof-of-purchase. Any evidence oéraltion, erasure, of forgery shall be cause to
void any and all warranty terms immediately.

2. MFJ Enterprises, Inc. agrees to repair or repgdiddFJ's option without charge to the original
owner any defective product provided the producetsrned postage prepaid to MFJ Enterprises,
Inc. with a personal check, cashiers check, or snameler for $12.00 covering postage and
handling.

3. MFJ Enterprises, Inc. will supply replacement gdrée of charge for any MFJ product under
warranty upon request. A dated proof of purchaska®8.00 personal check, cashiers check, or
money order must be provided to cover postage andling.

4. This warranty iSNOT void for owners who attempt to repair defectivatainTechnical
consultation is available by calling (662) 323-5869

5. This warranty does not apply to kits sold by onofactured by MFJ Enterprises, Inc.

6. Wired and tested PC board products are coveretthisywarranty provideanly the wired
and tested PC board product is returned. Wired and tested PC boards installed in the oaner'
cabinet or connected to switches, jacks, or cabtes sent to MFJ Enterprises, Inc. will be retdrne
at the owner's expense un-repaired.

7. Under no circumstances is MFJ Enterprises, labld for consequential damages to person or
property by the use of any MFJ products.

8. Out-of-Warranty Service MFJ Enterprises, Inc. will repair any out-of-wartymproduct
provided the unit is shipped prepaid. All repaitgdts will be shipped COD to the owner. Repair
charges will be added to the COD fee unless otltangements are made.

9. This warranty is given in lieu of any other warsaexpressed or implied.

10. MFJ Enterprises, Inc. reserves the right to makanges or improvements in design or
manufacture without incurring any obligation totalk such changes upon any of the products
previously manufactured.

11. All MFJ products to be serviced in-warranty or-otivarranty should be addressedMd-J
Enterprises, Inc., 300 Industrial Park Rd, Starkville, Mississippi 39759, USA and must be
accompanied by a letter describing the problenmetaibalong with a copy of your dated proof-of-
purchase and a telephone number.

12. This warranty gives you specific rights, and yoaynalso have other rights, which vary from
state to state.
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