
tuning too fast. The dip is  slight, so one must tune very 
slowly. 

Wheatstone bridge 
Basic to many forms of instrument i s  the Wheatstone 

bridge of fig. 5. This circuit compares the outputs of two 
voltage dividers 21/23 and 22/24. Under these circum- 

fig. 5. Wheetstone bridge. which is the basis of many teat 
instrumenh. 

stances, where 21/23 = 22/24, the voltage between 
points A and B is  zero. Under these conditions, 

2322 2 4  =- 
21 

(5) 

In most cases impedance 23 will be a calibrated standard 
resistance and 24 will be the unknown. The values of Z1 
and 22 are not too critical, but they should not be too 
different from the other resistances in the circuit. This 
keeps the necessary amplitude of the signal source 
within reasonable bounds. In many cases Zl  = Z 2  so that 
2 3  = 24 a t  null. This makes calibration of 23 easier. The 
meter a t  the center of the bridge may be either a 
voltmeter or a current meter. In fact, i t  is the current 
meter that's most frequently used as the null indicator. 

the noise bridge 
An adaptation of the Wheatstone bridge is shown in 

fig. 6A. This i s  the noise bridge and uses a diode noise 
generator and amplifier to drive two arms of the bridge. 
Transformer T I  i s  a toroid with trifilar winding. One coil 
is connected across the output of the noise generator 
amplifier, while the remaining two coils form arms of 
the bridge circuit. In another arm of the bridge i s  a 
calibrated 0-250 ohm potentiometer, R1. The last bridge 
arm is the antenna or other unknown. 

The null detector in this version of the bridge circuit 
i s  a receiver. Although the coax cable to the receiver 
may be any convenient length, the cable to the antenna 
must be either extremely short relative to a half wave- 
length or i t  must be an integer multiple of half wave- 
length (1,  2, 3,. . .). This length i s  found from 

where V is the cable velocity factor (0.8 for foam 
dielectric and 0.66 for regular coax) N is any integer. 
This length is necessary because the impedance at the 

antenna feedpoint is reflected at half-wavelength inter- 
vals along the line. The noise bridge is connected to both 
the receiver and the antenna. The receiver i s  tuned to the 
desired frequency. Resistor R1 i s  then varied slowly 
until a null in noise level from the receiver is noted. 

Fig. 6B shows an alternative form of noise bridge in 
which a 140-pF variable capacitor i s  connected in series 
with a 250-ohm potentiometer. A compensating 70-pF 
fixed capacitor i s  connected in series with the antenna. 
The variable capacitor i s  fitted with a calibrated dial that 
has a zero marked at the point where C1 = 70 pF (in 
other words, C1 = C2). Arbitrary calibration marks are 
scaled f from this center zero. A null occurring when C1 
is  set to i t s  zero point (70 pF) means that the antenna is  
resistive, which implies that the receiver is  tuned to the 
antennas resonant frequency. If the null occurs either 
side of the zero point, then the antenna i s  reactive a t  the 
frequency indicated on the receiver. 

The scale is  marked X, on one side of the zero point 
and X, on the other side. If a null occurs on the X, 
side, then the receiver is tuned on the high side of 
resonance. Alternatively, if the null occurs on the X, 
side, then the receiver is tuned to a frequency that is too 
low. The antenna is resonant at the frequency indicated 
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fig. 7 ,  The antenna impedance bridge. another adaptation of the 
Wheatstone circuit. 

on the receiver dial when a null occurs at a point where 
the capacitor dial reads zero (C1 = 70 pF). Amateur 
noise bridges are made by Omega-T Systems and by 
Palomar Engineers. 

antenna impedance meters 
Another adaptation of the Wheatstone bridge is  the 

antenna impedance bridge of fig. 7. Bridge arms consist 

9 ANTENNA 

fig. 8. Applications of the Wheatstone bridge for antenna measure 
ments. The circuit in (A) is the classic noise bridge; (8) is a version 
in which a capacitor Is used to null reactance. 


