MFJ RF NOISE BRIDGE
Model MFJ-202B

Bottom shows the Calibrating list, B2 = 50 Ohm.



MFJ-202B NOISE BRIDGE

Thank you for purchasing the MFJ-202B RF NOISE BRIDGE. The Nolsze
Bridge 13 used to determine the value of an unknown impedance., &

Range Expander feature 13 bullt into the MFJ-202B to extend its
measuring capacity.

The range of the Resistance dial (R) iz 0 to 250 ohma and the
Reactance dial (X) is =150 to +«150 pF. The Noise Bridge can be used
with any receiver covering the desired freguency range. A patch
cord is needed to connect the noise bridge "receiver"” ocutput to

the receiver antenna input connection. Coax cable with PL-2569
connectors is recommended.

A 3=V battery is used to power the Noilise Bridge. Remove the sorews
on the sides of the box to install battery. The ON/OFF switch on

the front panel cuts the power to conserve battery life when the
HNoise Bridge i85 not in uae.

USING THE MFJ-202B

The unknown i3 connected to the "UNENOWN™ connector of the noise
bridge and the receiver to the "RECEIVEE™ connector and the EXP/
MOR button is set to NOR. A null can be achieved by tuning the
"RESISTANCE" (R) and the "REACTANCE" (X) controls with the receiver
set to a given frequency. Alternately, by setting the R and X
controls at a desired setting and varying the receiver fregquency,

a null can also be found. A null i3 achieved when minimum noise

i3 heard from the receiver. Set the receiver RF gain control at
maximum and adjust RF gain control for desired audible noise. Since
the R and X controls interact, they must be adjusted alternately
until a deep null is cobtained. The best way to achieve a null is

to tune the R dial in small increments starting from zero. For each
increment of R, slewly rotate the X dial over its range. Repeat
this until a deep null is achieved,

NOTE: The "RESISTANCE®™ dial is marked with the letters A& through
G. These letters correspond to the resiatance values on the

Calibration Chart on the bottom of the Nolse Bridge. Marking the
resistances in this way allows a much higher degree of accuracy.

If a null cannot be achieved, then the impedance i3 outside the
normal range of the nolse bridge. In this case, set the EXP/NOR
button to the EXP position, If the impedance 1la within the range
of this combination, then a null will be found. MNull tuning when
the expander is used is the same as when the expander is not used.

NOTE: It i3 best not to use the Expander unless pneeded,
To Calculate Unknown HResistance and Reactance. The unknown

resistance and reactance 18 determined from the dial readings and
the foellowing procedures:

AL Without the Expander. When measurement2 are made without
the expander, the R dial indicates the actual resistance of
the unknown in ohmsa. The X dial reading is converted to

capscitive reactance [IC} or to inductive reactance {IL} by
the following methodsa:




Use these eguationa to calculate reactance:

Egq.1 1L= 888 = 160,000 , if the reactance
f f{180+Cd) reading, Cd, is an
the X side of Lhe
scale,
Eq.2 X.= 888 - _160,000 v 1if the reactance
T f{180-Cd) reading, €d, is on
the X _aide of the
acale.
where, f= freguency in MHz
Cd= X dial reading in pF
KC= Inductive reactance in ohms
K = Capacitive reactance imn ohms

Example 1: tf f= 7 MHz, X dial reading= 70 pF on the
HL side, uze Eq.1,

IL = BEB - 160,000
3 r r{1804+Cd)}
= B&B - 160,000

T TU180+TO)

+#35.4 ohms

Example 2: if f= 3.5 MHz, X dial reading= 100 pf on
the Ic sjide, use Eg.2.

X. = B&Y - 160,000
f f{180=-Cd)

B88 - 160,000
3.5 3.50180-100}

= -317.7 ohms

Usze the impedance chart te find the reactance:

The impedance ¢hart shown in FIGURE 1 i3 plotted at 1
MHz. For other frequencies, simply divide tLhe reactance
value found by the frequency desired in HMHz.

Example 3: ae the conditions given in Example 2. We
find X, on the impedance chart to be
appru:}matelr 248 ohms. Divide this walue
by T MHz to get 35.4 cohms, which agrees wilh
Example 1.

Example b: Use the conditions given in Exzapmple 2. From
the impedance chart we find X _ =105%0 ohms,
Divide by the frequency, 3.5 En give Iczgﬁﬂ
ahms, :

Knowing the rezsistance and reactance of Lhe unknown,
we can calculate the magnitude of the impedance by usSing
the following egquation:
2= Ve o+ 2
where, 7= Magnitude of the impedance in ohms
R= Resistance in ohms

Xz Inductive reactance or capacitive reactance
in olms,



Finding Impedance When Using the Expander.

When measurement is made with the Expander, both the K

reading and the X reading from the dials must be converted

to reaistance and reactance by using the following procedure:

NOTE: Do not use the impedance ehart im FIGURE 1 to obtain
the reactance. The answer is not correct lor
measurement with the Expander,

1. Uze Equation 3 and S te calculate the resistance of the
unknown when uszing the Expander:

o (IEqBE]
Z F
(200 = Rd)™ + {(Xeqg}
Eg.% Xu= {80000)(Xeqg)

{EGD-Hd}E + erqJE

Eq.3 FRus 200[200Rd - Rd

2

Eg.5 Xeqs 8B8)(XKd)
1

i
L
f(%Xd + 180)

Xus=s The unknown reactance in obms., Induciive
reacbance is "+" Xu; capacitive reactanpce
is "_n" Xu.

Ru=z The unknown resistance in ohms.

f= Frequency in MHH=z
Xegq= Equilvalent reactance in ochms, Xeq is
first calculated from XKd and [ in
order to caleulate Xu and Ru,

Rd= The R dial reading from the HNoise Eriuge
in ohms.

¥d= The X dial reading from the Noise Hridpe

in pF. If the reading i3 on the X, 6 zide,
then Xd is positive and if the re%dlng
is on the Ic side, then ¥d i3 negative,

Wwhera,

NOTE: Be sure to use the proper 3ign for Xd when
substituting into Equations 4 and 5.

Example &: The Expander is used to measure bthe impedance
of an antenna at T MHz. The MWolse bBridge
iz at & null when the R dial reads 14%0 ohns
and the ¥ dial reads 10 pf on the ¥, side.
Under these conditions, we have Ru:?au ohms,
¥d=z =10 pF (on the IC side, therefore Xd
iz negative), f= THHZ.
To find the resistance, first usze Equation
5 to find the equivalent reactance, Xeq.

Eq.5 Xeq= (BBAB)(Xd)
fi(Xd + 180}

(BABYI(=10)
T(-10 + 180}

=T7.46 ohms




Use Egquation 3 to find the unknown resistance, Ru.
Eq.3  Ru= 2000[200Rd - Rd° - (Xeq)?)
(200 - B2 + (Xeq)®
= 2000200(150)=(150)°-(=7.46)°]

(200 - 15032 + (-7.46)°
= B83 ohm=e, the unknown resistance

To find the reactance, Xu, of the unknown, Egquation &
is used .
Egq.Uu Xu= _ (HOOCO} (Xeg)

(200 - Rd)Z+(Xeq)2

X¥egq= =7.46 ohms, found above

Rd= 150 ohms, read from E dial
Xu= [HO000)(=7.46)

(200-150)° + (-7.46)°
Xuz =116.8 ohms, the unknown reactance

(negative sign indicates capacitive
reactance) .,
Example 6: If f= 3.5 MHz, Hd= 150 ohms, and Xd= 50 pF
an the ¥ side. The unknown resistance and
regctance ¢an be calculated by using equations
i, 4, and 5. First find Xeq (Note that Xd
is positive s2inece Xd iz read on bhe X sidel.

1.
Eq.5 Xeq= (B8B)(Xd) = (BB8)(50)

f{Xd + 180} (3.530(50 + 180)
Xeg= 55.2 ohms

Auz 200[200Rd - Rd% - (Xeq
(200 = Hd}z + EHeq}2
Rus 200[200{150) - (150)° - (55.2)2]

(200 - 15002 + ¢55.2)°
Fuz= 160.06 ohmsa, the unknown resistance

2 1€ 1

¥u ia found using Equation 4,

Eq.H Xus= (40000)(Xeq)
(200-Rd)° +(Xeq)?
Xus= (LODOD)(55.2)

(200-150)2 + (55,232

Xu= 398 ohms, the unknown reactance {(positive
8ign indicates inductive reactance.)

If Xd is at "Q0", Xeq is zerc, therefore Xu i3 zerc. The
unkhown is purely resistive, Under this conditien, Ru
can be ealeulated by using Equaticon 6.

Eq.6 Ruo= 200[200(RJd)-Rd ]

(Rd)°
where, nuoz the unknown resistance when Xd=0
Fd= the R dial reading in ohms




Example T. If, =21 MHz, Xd=0O, and Rd=180 ohms.
EQ.6  Ruo= 200[200(Rd) - Rd-]
(200-Rd) 2
Ruo= 200[200(1B0) - {130}21

{Enn-1aﬂhz
Ruc=18300 chms

IMPORTANT: Equation & can only be used when Xd is
Zero .,

APPLICATIORN OF THE NOISE BRIDGE
1. Tog find the antenna resonant frequency,

Measured at the Antenna with no feedline. Antenna resonant
frequency can be found at the antenna by connecting the antenna
te the "UNKNOWN" of the Noise Bridge and the receiver to the
"RECEIVER" connection. Do not use the Expander at this time,
Tune the receiver to the expected resonant freguency aof the

antenna, Adjust the X and R diala on the Noise Bridge for
a null.

NOTE: When a null is obtained and if the X dial i2 on the
X. side, the receiver is tuned above the resonant frequency.

IF the X.dial reading i3 on the X  aide, the receiver is tuned
below the resconant freguency. Tunmé the X dial toward the "zero"
setting in amall increments and each time retune the receiver
frequency for a null. Repeat untill a null is achieved with

the X dial at "zero™, At resconance the X dial 13 at zero and
the antenna resistance is read directly from the R dial, if

the Expander i3 not used for thia measurement.

For antenna resistances above 250 ohms the expander should

be used., Tuning is the same as above, At rescnance, the X
dial should read zero. The antenna resistance 13 not the
reading indicated on the K dial. Antenna resistance in this
cage must be caleculated from the R dial reading by using EQ.&
and the method described im "Calculation."

2. To Measure Antenna Impedance at any Frequeney.

A. To Measure at Antenna with no Feedline. Antenna
impedance can be found at any frequency by using the
Hoise Bridge. Connect the antenna to the "UNKNOWN" of
the Noilse Bridge and the receiver to the "RECEIVER".
Set the receiver to the frequency at which you wish to
find the antenna impedance., Adjust the R and X dials
on the Noise Bridge for a null., At null the resistance
of the antenna 1s read directly from the R dial and the
reactance is found by using the methods described in
the previous section on calculation. If the Expander
13 used, be sure to use the approplate method to find
both the resistance and the reactance of the antenna.




To Messure the Impedance of Antenna System at Femdline.
The impedance of an antenna sSystem may be measured an
any fregquency with the Noise Bridge. The method is the
same a3 described in 2ZA. Remember that measurement at
the feedline end of the antenna ia not the same as at
the antenna. The impedance found here is the impedance
at this measuring point,

To Find the Antenna Impedance at the Feedline, The
antenna lmpedance can be found at the feedline if the
feedline is a electrical half-wave or a multiple, Of
course this only oeccurs at one frequeney. If the feedline
ia not a half-wave length, the Smith Chart can be used
to finc¢ the actual antenna impedance. The procedure is
descrited in detall in the ARRL Antenma Book (13th
Editicn, 1974). The electrical length of the feedline
must be known to find the antenna impedance With the
smith Chart, The number of an electrical length (N} can
be calculated by using Egq.7.

Eq.T N= Lf
984Y
Wwhere, N= Number of wave length

Lz Feedline physical length in feet
f= Frequeney in MHz

v= Veloecity faetor of the feedline

Example B: To find the electrical length of RG=8/U coax
line at 7 MHz, v for HEG=8/0 i3 .66

Eq.T N= Lf
GAL4y
=  (65) (T
(GBu) (.66}

2 .70 wavelengths

The velocity factor of a transmission line can be found
in any transmission line table.

Veloeity factor may alse be found if the electrical length
i% known by using Eqg.&.

Eq.8 vz Lf
DBUN

where, v= Velocity factor
L= Feedline physical length in feet
f= Frequency in MHz
N= Electrical length aof the feedline

Toe Cut a Half-Wave Dipole to Resonance. The resaonant
frequency of am antenns can be found at the transmitter
feedline end or at the antenna feed point. When the
antenna feedpoint is not essily acecessible, resonant
frequency may be measured at the transmitter feedline
end. In order to have the same measurements at both
locations, the feedlinme must be half-wave or multiples, 4
half-wave multiple coax f{eedline can be cut as described
in Seection T by using Equation 11. For besat results,
locate the feedline at the permanent antenna location
during messurement. After properly cutting the feedline
to a half-wave or multiple, cut the half-wave dipole
antenna to the proper length by ualng Equation BA.
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Egq. 8A Length (fest) = d68
h

HOTE: Anternma apd feedline should be ecut a few ineches
loanger than the e¢slculated value before measurement, for
trimelng purposes, If balun L8 to be used with the antenn
ayatem, be sure to conmect it before making any
megaurementa, Set the receiver frequency to the same
frequency for which the feedline was cut. Adjust the
Eesistance and Reactance contralsd on bthe Noisze Bridge

foer a null {(do this without the Esipander), If a null

is found at the X, side (imduetive reactanceé), the antenn
ia too long and skculd be shortened an ilneh at & time,. IF
a tull i3 found on the K. side (capacitive reactance),
the antennpa 15 too short anmd should be lengihened an

ineh at a time. Adjust uptill the Reactance control is

at zero when & null oceccura, The Hesistance econkbral showld
read approximately S0 to 75 ohms for a coax fesdline with
a ':1 balun or withoeut a balun, Reading af Lthe Reslstance
contral will be different for different types of Teedline
and for differert balunm ratics,. WOTE: If the antenna

or the feedline L5 mot cut at the operating loesation,

Ehe reéascnant frequepncy may aof D8 Lhe same once 1L 18
moved, Feedlime and antenna may need Lo be readjusted
aftver they are permanently installed,

1. TunEd_FLrEylF_lélyqlqtqt.

A

To Tune Transmatch and to Eynthetize AF Impedance with

Series Tuned Cirevit, The Holse Bridge can be used
find the resﬂnan:'?requennr of a series tuned circultb
This allowe proper adjustment for desired resonant
frequency. Conmect the series tuned circuit directly
across the "UKRENOWMN® of the Holse Bridge, The R dial
showvld be set at minimum since a serics tuned circuitl
hes & low series resistance at resaocnapce. 3et XK dial
to Zero. Tumne the recelver Fregquency Mor a null, When
resonant frequemncy 1% found, the series Ltuned circuit
can be adjusted for a lower or higher frequency.

Parallel Tumned Circuit. R coupling link swvah a5 a few
turns of wire should be used to couple the parallel tuneg
circuit to the Hoige Bridge "UMEROWN®", The link should
be brought close to the tuned circuwitbt., IT a toroeid core
i5 used, the link must be threaded through the toroid
core Lo assure proper coupling. Resonant freguemncy can
be found as described in 3erles Tuned Circuwll.

Treansmatceh and Dummy Load,

The Hoise Bridge can be used to tune the transmateh Lo your




antenna system for an accurate watch te your tremsmitter
without radiating any RF power. Connect the antenna Lo the
output of the tramsmetch and the input of the transmatch to
the "UWENOWN" of the Noise Bridge. Do not use the Expander
here. Tune the receiver ko frequency of interest. 5et the

B dial to S0 ohms and the ¥ dial to zero. Tune the tranamateh
eontrols for a null, If a null canneot be found, thia indicates
that your transamateh cannct match the antenna system for a

L0 chm impedance. Try & different frequency, If & null is
achieved, the impedance at the measuring polnt i3 S0 ohmas

as% indicated on the R dial. Disconnect the Noise Bridge from
the transmatch, Connect the transmatch %o your transmitter. 4
low ZWR should be expected, A final kouch up may be needed

lm the transmatch if a SWR meter is wsed when transmitting.

A transmatch with a dummay load on its ocukbpubt can be used Lo
ayntheslze and RF ilmpedance, By connecting the input af the
trensmatch to the Hoide Bridge "UNENOWN™ connectar, the
fmpedance can be found when the null is Fousd, At nuwll,
resiatance i3 read directly from B disl and reactance oan

be caleculated using the methods described in "CALCULATION™. Amn
RF impedance can be synthesized by setting the resistance

and reactance controls for & desired impedance and adjusting
the trapsmatch for a null.

The Expander can be used to cover more range, Be sure to follow
the procedures described in "CALCULATION™ te find the uwnknown
resistance and reactance when the Expander i3 used.

To Measure Amplifier KF Impedance.

Input impedance and ocutput impedance of an RF ampiifier can
be determined by using the Heise Bridge., Conmeot the inpub

of the amplifier to the "UNKNOWN™ of the Noise Bridge. Adjust
the R and X dials for & null. FRefer to "CALCULATIOK" to
caleulate the impedance. Jutput impedance cen be determined
the same Wway as above. The Expander c&n be uszed for this
measurement if needed.

HF Trunsformers and Baluns.

To _measure the impedance at any two terminal ports with une
terminal grounded, of RF transformers. Connect That port

of the tranaformers to the "URKNOWN™ of the Noise Bridge. Set
the receiver to Lhe desired frequency and adjust the H &snd

¥ dials for & null. The Expander may be used Lo cover

additiomal range. Use Lhe procerdures described in "CALCULATION™
ko find the unknown impedance,
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Tranamission Linesa.

To sccurately cut a fesdline for a guarter wave length, lirat
cut the line wzing Equatian 10,

Eq.10 L= 246w
=

where, L=z Feedline in feet
f=z Frequency in HHz
vz Welocity fackor of the line

Connect one end of the lime to the "UNEHOWNY of the Noise
Bridge. The ather end of the lime should be left OQPEN. Tune
the receiver to the expeocted fregueney. 3et the R dial to
zera and sdjust the ¥ dial for 2 muwll. If the ¥ dial is an
the ¥, side, the receiver frequency i85 too high. If the X
dial ?a an the X, side, the freguency 1z too lew. Trim the
line and readjusf the X disl for @& null, Repeat the above
procedure until & nwll iz obtained at zeroc on the X dial.
When a null occurs at E=0 and ¥X=0, the feedline is a gquarter
wave length at the measurimg frequency., Line should be trimmed
172 inch &t a tlme.

For a half-wave feedliine, cut the line by uwuaing Eg. 11,

Eq. 11 Lx 4G2v

where, Lz Feedline in feet
f= Freguemey in MHEz
v= Yelaeity Factor of feedline

Far half-wave Feedline, the load end of the lime should
be shorted when making =measurements. Fellow the same
procedure as for gquarter-wave lime in trimming the line,

Transmiaaion line impedance can be found at any frequency
by usinmg the Molse Bridge. Lines should connect ko Lhe
PUNKKOWN" . Tune the regeiver to the frequency of interest
and adjfust the R and ¥ dials for a null. The Expander ean
be used if needed. At null, the K and X resdings can De

converted to impedance by bthe procedurea described in
TCALCULATION™ .

Measure Capacitance and Inductance.

Te measure capacitance and inductance with the Noise HBridge
& standard capsciter and inductior are needed.
Suggested values: 100 pF and 5 uH.

11



A. Inductance Measurement.

LConnect the unknown inductor in series with the standard
capacitor. This series capaciter inductor i3 connecbed
te the "UHKKOWH® of the Koise Bridge. Set K and X dials
te zero. Adjust receiwver frequency For o null. Enowing
the rescnant frequenay af the wnknewn, Eg. 12 is used

to calculate the unknown inductor.

Eq.12 L= 25,310
£2¢

where, L= Inductance in uH
= Fregquency in HMHz
Cz SLandard series capacitor

B, Capacitance Heasurement,

Connect Lthe unknown capacitor in serles with the standard
inductance. Use the same methed &8 above to adjust for

a null. When R=0 and X280, at null the unknown capacitance
can be caleowlated wasing Equatlon 13,

Eq. 13 cx 23,330
rey

where, C= Unknown capecitor inm pF
f= Freguency in MHz2
Le Standard series inductor used

4 FEW IMPORTANT NOTES

The toroid tranaformer used Ln the Noise Bridge iz factory
balanced. Do not try te rewlnd or alter bhe winding., The Breldge
Will not work asccurabtely if the transformer is aoff balance.

The equations used in Lthia iastruction wanual are intended
to be waed only with the HMFJ=2028Noisc Bridge. [f components
arc changed in the circwit, some eguetion may nob be walld,

When using the Noise Bridge with o bLransceiver be sure nob

Lo tramsmbit when the Molse Bridge 3 connedted AL bhe anlent.,
oonnector of the Lransceiver, Trandmibilbag Lhreugh Lie Huise
Bridge will completely destroy bhe uniti.

The MFJ-202Bi3 not designed Lo obltaln precliion mealuremenls,
It may not be used for mezsurements Lhal rFequire proclsiien
gocuracy, alihough hend calibration of the dials will result
in ilmproved accurauy.
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H. The R amd X dials are factory calibrated. Calibration can
be made by installing the Expander at the "UKKENIWH® and a
recelver to the "RECEIVER" connector. Tune receliver to 7.0
MHz. hdjust the R and X dial for & deep null. AL null, the
R knob showld be polating to 200 ohma and the ¥ kpnob shoul
be polnting te 0, LI pnot, loosesn the Knobs and set
accordingly., When the Nolse Bridge is used at 100 MHz,
calibration may be needed Lo obtain better aceuracy,

HOTE: When the cepacitor on the X diasl is fully olosed

o (rayimus capacitance}, the pointer should point to
150 on KL side,

SPECIFICATIONS

Frequeéncy Range: 1 HHz to 100 Mz

Impedance Range:
Without wsing Range Expender.
=Unknoewn resistance ranmge: 0 to 250 ohms at 1 MH: Lo

100 HWHz
-Unknoewn inductive reackbtance ramge: 0 to 500 ahma at
Mtz .
0 te 5 oshmas st 10
HHz
=Unknown cepacltive reactance range: 0 to 1% K ohms 3
1 MHEZ,
0 to 1%0 glun2 at
100 HMHz.

Using Range Expander,

-Unknown resistance range: 0 to 2000 ohms at 7 MHE
0 to 2200 ohma at 4 MHz
0 ks 1800 chme From & MH:
to TU0 HH=

—Unknown inductive amd capacitive reactance ramge:
0 to 360 ohms a&at 1 MHZ
O ta 1800 ohmz at 4§ MHz
9 to 1900 ohms from & Mhe
te 100 HEEZ

Besistance Dial Range: 0 to 250 olims

Reactance Dlal Range: -1%0 to +150 pF
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10-300pf

IHH
i

Receiver

Ranpe
In Expander

UL

#Capacitors are in uf, Resistor im ohm, T1 is 7 turns trifilar-wound or

FT-23-f1 ferrite core.

WFJ-2028 RF Noise Bridge Circuit Diagram

Made readable public by OZ6YM, Palle A. Andersen



