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A REVIEW OF IN-LINE RF POWER METERS 
FOR USE WITH ULTRASONIC INSTRUMENTATION 

In the development of instrumentation_ for measuring ultrasonic energy ft rs necessary to be able to measure the 
net radiofrequency electrical power delivered to the ultrasonic transducer via an in-line RF power meter. A 

· frequency range from 15 kHz to 50 MHz and a power range from milliwatts to kilowatts are used for the wide variety 
of industrial and medical applications of ultrasound. These applications can be broken down as shown in table 1. 
Ideally, an in-line power meter designed to cover this spectrum would be able to measure both peak and average 
forward and reverse power over three decades of frequency and up to six decades of power. Such an instrument does 
not presently exist. Some 25 compan_ies were questioned concerning the manufacture of in-line RF power meters. 
Basically, the instruments reviewed consisted of various "Hall-effect" meters which generally cover the low end of 
the frequency spectrum, and various combinations of broadband RF couplers and terminating power meters which 
cover a wider frequency range. Those instruments whose specifications met some of the above power and frequency 
requirements are listed in table 2. 

Table 1. Frequency and Power Range of Ultrasonic Devices 

Applicati.on -Frequency range Average power Power mode 

Industrial cleaning and machining 15 kHz - 50 kHz 100 W - kilowatts c.w. 

Dental scaling 20 kHz 20W c.w. 

Medical diathermy 80 kHz -1 MHz 20W c.w. 

Medical diagnostic 1 MHz- 30 MHz 1 mW-100 mW c.w. & pulsed 

Industrial nondestructive testing 1 MH.z-30 MHz 1 mW~ 100 mW pulsed 
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Table 2. RF Power Meters in the Ultrasonic Frequency Range 

Company 
Principle 

of ooeration 

F.W. Bell, Inc. 
Columbus, Ohio Hall effect 

Bendix Corporation 
Franklin, Indiana Coupler 

Bird Electronic Corp. 
Cleveland, Ohio Coupler 

Comdel, Inc. 
Beverly, Massachusetts Coupler 

Ohio Semitronics, Inc. 
Columbus, Ohio Hall effect 

Reaction Instruments, Inc. 
McLean, Virginia Coupler 

Sierra Electronics 
Menlo Park, California Coupler 

Wave Energy Systems, Inc. 
Newton, Pennsylvania Electronic 

TERMINATING POWER METERS 

Many power measuring devices are terminating 
by nature, absorbing a finite amount of energy, 
converting it to heat in a line section of known 
thermal characteristics, and measuring the subsequent 
temperature rise. This type of instrument requires 
that the sample of energy measured be totally 
absorbed by a termination so that error is not 
introduced through failure to convert the entire 
sample to heat. 

These devices operate on relatively small 
increments of power; e.g., a few milliwatts or less. 

Higher power measurements require a reduction of 
signal strength through resistive attenuators. A 

terminating power meter alone is not capable of 

making in-line measurements of the power delivered 
to a load such as an ultrasonic transducer. A 

combination of a directional coupler and a 

terminating device is necessary. 

Frequency range Power ranges 

40 Hz - 50 kHz 100 W - 3 kW, 300 W, 1 kW 

3-140MHz 10 W, 100 W, 1 kW 

50 W, 100 W, 250 W 
2 - 30 MHz 

500 W, 1 kW, 2.5 kW 

1.5 - 30 MHz 15 W, 150 W, 1.5 kW 

d.c. -1 MHz 60 W, 120 W, 600 W 

20 kHz - 2 MHz 5 W, 50 W, 200 W 

2 - 30 MHz 50 W, 100 W, 500 W 

20 W, 60 W, 200 W, 
5 -100 kHz 

600W, 2 kW 

IN-LINE POWER METERS EMPLOYING COUPLERS 

The directional coupler_ may most easily be 

visualized as a section of transmission line with a tap 
that bleeds off a small, constant percentage of the 
transmitted signal without adversely affecting the 

characteristics of the line. It has the additional 
characteristic of coupling off energy transmitted in 
one direction in the line while virtually ignoring 
energy being transmitted in the other direction. 

By using two directional couplers or a dual 

directional coupler, on-line measurements of forward 
and reverse power may be made in an operating 
system. While such reflectometer types of power 
meters covering over a decade of bandwith have been 
available in the communications and microwave 
bands for some time, hardware to cover the ultrasonic 
range· of interest, 15 kHz to 50 MHz, has not been· 

available until recently. 
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Although the entire range of interest cannot be 
covered, recent proprietary developments by 
Reaction Instruments of McLean, Va., allow them to 
build a dual directional coupler capable of operating 
at greater than 200 watts, which covers the range 
from 20 kHz to 2 MHz. Because of the large size that 
would be required, conventional stripline or coupled 
coax line techniques are not practical for fabricating 
couplers in the low kilohertz region. Reaction 
Instruments builds their coupler of transformers 
wound with 'coax cable. The resultant dual coupler is 
less than 2 inches by 4 inches by 5 inches in size. 

Reaction Instruments also produces a power 
detector covering 5 kHz to 110 MHz with an 
accuracy of ±.1 percent over the power range of -20 
to 0 dBm. This unit is a precision square-law detector. 
The output voltage is proportional to the square gf 
the input voltage and hence proportional to the input 
power because the input resistance is maintained at 
50 ohms. Two of these in combination with the 
coupler described above and suitable attenuators to 
establish power ranges result in an on-line dual 
directional power meter which, excluding very 
high-power cleaners and welders, covers the vast 
majority of all ultrasonic applications. 

The accuracy of the complete instrument 
(couplers, attenuators, and power detectors) over its 
specified dynamic and frequency ranges is ±12 
percent. A schematic diagram of the instrument is 
shown in figure 1. 
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Figure 1. Block Diagram of Directional Coupler Power Meter 

ELECTRONIC POWER METER 

A wattmeter which couples RF energy and 
computes power electronically has been introduced 
by Wave Energy Systems, Inc. This type of wattmeter 

measures the instantaneous voltage and current, 
determines the product, and integrates the result to 
give average power. 

Pa= ~f;e(t) i(t) dt 

The computation can be done electronically by using 
an integrated circuit analog multiplier and operational 
amplifier (see figure 2). 
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Figure 2. Simplified Schematic of Electronic Power Meter 

A current-sensing coil is used to measure the 
current. As current passes through the primary 
winding, a voltage of proportional magnitude is 
induced in the secondary. This voltage and the 
voltage across the transducer are fed to the multiplier. 
The product is then integrated to give an output 
voltage proportional to the average power. This 
instrument will measure power levels into the 
kilowatt range at frequencies from 5 kHz to 100 kHz. 

HALL-EFFECT POWER METERS 

If a current-carrying conductor is placed in a 
magnetic field, a voltage will develop across the 
conductor because of the deflection of charge by the 
field. This voltage, called the Hall voltage, can be 
expressed as 

where Eh = Hall voltage 

'c = current through th.e conductor 

B = magnetic field strength 

Kh = Hall proportionality coefficient 

The Hall proportionality coefficient is a function of 
the conductor material, geometry, and temperature. 



When used as an in-line RF wattmeter, the 
Hall-effect material is placed in the field of an 
electromagnet such that the RF voltage controls lc 
and the RF current controls B by exciting the 
electromagnet (see figure 3). 
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Figura 3. Simplified Schematic of Hall-Effect Power Matar 

lc and B can then be expressed as 

and 

K1 relates the RF voltage to the Hall transducer's 
current, K2 relates the RF current to the magnetic 
field strength, w is the frequency of the RF signal, 
and '<P \is the phase difference between the RF voltage 
and current. 

The Hall voltage then becomes 

Eh = KVrflrf sin wt sin (wt -f-, <[>) 

1 
or Eh = ~ V rflrt'[cos </> - cos (2wt + ckU 

where 

The d.c. portion of the Hall voltage is then directly 
proportional to the RF power. 

Most Hall-effect wattmeters are capable of 
measuring power levels of several kilowatts at 
frequencies up to 50 kHz. One instrument, however, 
(by Ohio Semitronics, Inc.) has a frequency range of 
d.c. to 1 MHz. 

CONCLUSIONS 

In-line RF power cannot be measured by any 
single instrument over the entire ultrasonic range. 
However, several of the instruments reviewed 
adequately covered a portion of the spectrum. 
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