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connector for connection 
to a computer serial port, 
a coaxial power connector 
and two UHF (SO-239) 
connectors for the trans-
mitter and antenna. BNC 
or N connectors are avail-
able as a field replaceable option. Connector 
types can be mixed or matched. 

The 4510 requires 12 V dc at about
600 mA and has no provision for internal bat-
tery operation, so it won’t be your first choice 
for use in the field. It’s certainly possible to 
wire up an appropriate 12 V battery supply, 
but would you really want to take it out in 
the field? Or up a tower? It’s fairly rugged, 
but the 4510 is more deserving of a place at 
your test bench or in your home station than 
being carted around from job to job. 

Putting the 4510 to Use
Although the 4510 is relatively user-

friendly and operational right out of the 
box, it’s worth reading through the 24 page 
manual to become familiar with all its offered 
functions. The manual includes a general 
overview of the wattmeter, then moves on 
to a description of controls, features and op-
eration. Appendices cover troubleshooting, 
specifications, changing RF connectors, se-
rial interface specifications, theory of opera-
tion and sample measurement data.

The 4510 hooks into your station like any 
other RF power meter. Attach coaxial cables 
from the transmitter and antenna system, 
plug in the power supply, and start taking 
measurements. 

Unlike other power meters I’ve used, the 
4510 doesn’t care which connector you use 
for the power source and load. It senses the 
direction of RF flow through the meter, and 
the connectors are not marked with the usual 
ANTENNA and TRANSMITTER designations. 
The manual notes that accuracy will be bet-
ter if the load (antenna) is attached to the RF 
connector next to the serial port connector. 
That’s because the meter is calibrated at the 
factory with the load attached to this con-
nector. In most cases the difference won’t 

Alpha Power 4510 
Wattmeter

The Alpha Power 4510 is a labora-
tory grade RF power meter capable 
of  accurate measurements from less 
than 100 mW to 3000 W in the 1.8 to 
30 MHz range. Its accuracy comes 
with a price tag to match, though.

Bottom Line

Reviewed by Joe Carcia, NJ1Q
W1AW Station Manager

It’s not every day I get to review equip-
ment used more for testing than casual op-
erating, so I was pleased to have a chance to 
tackle the Alpha Power 4510 wattmeter.

It’s a rather hefty instrument, capable of 
measuring power from less than 300 mW 
to 3 kW from 1.8 to 30 MHz. Its analog 
meter displays SWR, forward power and 
reflected power, although not simultaneously 
like cross-needle types. In addition, output 
power is shown continuously on a digital 
display. The 4510 makes PEP or single tone 
measurements. It can be connected to a per-
sonal computer for recording or monitoring 
measured data. The 4510 comes with a 12 V 
dc power supply that operates from 100 to 
240 V, 50/60 Hz.

Marketed as a laboratory grade RF power 
meter, the 4510 has measurement accuracy 
ratings and a price to match. At $1095, it’s 
not your typical ham station power meter. 
Power accuracy is rated at 5% maximum 
across its operating range, and Alpha has 
gone to considerable effort to achieve that 
specification under a wide variety of power 
levels and operating conditions. See the 
sidebar, “Power Measurement and the Alpha 
Power 4510.”

First Glance
I was struck by its size and weight as soon 

as I took the 4510 out of its box. It’s housed 
in a solid black diecast box measuring 4.7 
× 8.6 × 3.2 inches (height, width, depth) 
and weighing 9 pounds. Carry handles are 
located on either side of the front panel. 
The package looks great and has the quality 
feel you’d expect from an instrument in this 
price range.

The front panel is dominated by a
3.5 inch wide analog meter and a digital dis-
play with four 7-segment green LEDs. Ten 
buttons along the lower edge handle power 
range selection. (The power ranges are called 
“segments” in the manual.) There are more 
buttons under the digital display. Three are for 
the analog meter: FWD (forward power), REF 
(reflected power) and SWR. The PEP button 
toggles the 4510 between PEP and tune/car-
rier mode. DEL switches the digital display 
between forward power and “delivered” 
power. (Delivered power is defined as forward 
power minus reflected power. For example, if 
you’re transmitting 1000 W forward power, 
but have 10 W reflected power, then you’re 
delivering 990 W to the antenna.)

On the back panel you have a DB-9F 

be worth worrying about. Swapping the 
connectors made only minor differences in 
our measurements.

The analog meter’s top scale is marked 
0 to 10 and is used to display forward or re-
flected power in four ranges (1, 10, 100 and 
1000 W full scale). The middle scale, marked 
0 to 3, is used for five ranges — 0.3, 3, 30, 
300 and 3000 W. The bottom scale displays 
SWR from 0 to 20 (plus a little more). It’s 
a nice, clean display that I was able to read 
from a distance of several feet.

As with most analog meters, you need to 
convert the reading into an actual value. For 
example, if the power segment is set to 30 
and the meter reads 17 on the middle scale, 
the power is 17 W. If the power segment is 
set to 1000 and the top scale reads 8.5, then 
the power is 850 W. Output power is always 
displayed on the easy-to-read LEDs with 
the precision decreasing as the power level 
increases. Some examples: 1.455, 14.55, 
145.5 or 1455 W. 

The AUTO (AutoSense) mode allows the 
4510 to automatically select a power level for 
the analog meter based on what it sees at its 
input. For example, I attached the 4510 to a 
transceiver and amplifier capable of produc-
ing the legal limit. I set analog meter on the 
4510 to FWD and AUTO and keyed the exciter. 
The digital display showed about 1400 W. 
The indicator on the 3000 button flipped on as 
the 4510 selected the best power range for the 
analog meter. I toggled the meter back and 
forth among the SWR, forward power and 
reflected power settings. The recovery when 
switching back and forth between measure-
ment methods was quick but there is a slight 
pause before the display changes.

Although AUTO is intended to be the 
normal mode of operation, you can select 
a power range manually. It’s worth noting 
that if power applied is greater than what 
the meter is set to, the meter merely reads 
full-scale without damage.

I tested this unit at my home QTH for 
low power operation and at W1AW for 
high power. At one point during my testing 
at W1AW, I connected the 4510 to a trans-
ceiver/amplifier and antenna while the bul-
letin transmitters were running. Everything 
at W1AW is in close proximity, and I found 
that RF from the bulletin transmitters caused 

prodrev.indd   62prodrev.indd   62 5/23/2006   10:52:12 AM5/23/2006   10:52:12 AM



  July 2006  63

in Figure A uses a combination of 
inductive pickup and diode detection. 
This technique is generally good for 
an accuracy of about ±20% unless 
correction factors are applied for the 
frequency and amplitude variation 
produced by this type of detector cir-
cuit. For a more in-depth discussion, 
see the low-power wattmeter project 
by Roy Lewallen,W7EL, in February 
1990 QST.4

A more accurate way to measure 
RF power is to feed it into a resis-
tive load and measure the total heat 
output. Resistors convert electrical 
energy to heat, and this method is 
called a caloric measurement. This 
is the technique used by laboratory 
type wattmeters, such as the Hewlett-
Packard model 437B owned by the 
ARRL Lab. Under normal conditions, 
the accuracy of this type of meter is 
about ±5%, although accuracy can 
be improved by using averaging and 
by restricting the power measurement 
range. 

There is, however, something else 
that significantly impacts accuracy 
— the attenuation of any connecting 
cables in the test fixture and the accu-

Power is a measurement of work 
performed. Horsepower, for example, 
was originally based on the average 
amount of work that a draft horse 
could be expected to perform in a full 
day. The term was, however, coined 
by James Watt as a means to market 
steam engines, so its accuracy is 
somewhat debatable relative to what 
a horse can actually do. The watt 
(named in James Watt’s honor) was 
adopted as a standard unit of power 
measurement in 1889 by the Second 
Congress of the British Association for 
the Advancement of Science. The watt 
has definitions for both thermal power 
and electrical power, but of course the 
latter is what Amateur Radio operators 
are most familiar with.

At low frequencies and dc, electri-
cal power is pretty simple to measure 
accurately with current and voltage 
meters. At ac, things are a bit more 
complicated because the phase angle 
between the current and voltage also 
needs to be measured. 

At radio frequencies, power is more 
difficult to measure accurately with 
common detection techniques. A typi-
cal in-line wattmeter like that shown 

4R. Lewallen, “A Simple and Accurate QRP 
Directional Wattmeter,” QST, Feb 1990, 
pp 19-23, 36. This article is available on 
the ARRL Web site at www.arrl.org/mem-
bers-only/tis/info/pdf/9002019.pdf.

Figure A — This basic directional coupler circuit is widely used in power and SWR 
meters with accuracy typically ±20% unless correction factors are applied.

Figure B — The ARRL Lab’s setup for testing wattmeters.

racy of any attenuators used to make 
the measurement. The HP 430 series 
is a low power meter, so transmitter 
signals have to be attenuated to a low 
level for the measurement. An at-
tenuation discrepancy of as much as 
1 dB (pretty common in attenuators) 
can add more than 20% error to the 
measurement. So this means that we 
have to first make an accurate mea-
surement of the actual attenuation of 
the cables and attenuators used in 
the test setup in order to preserve the 
accuracy provided by the meter.

In the ARRL Lab, we currently 
measure the attenuation of cables 
and attenuators by using the HP 
437B to measure the output of an RF 
signal generator, then measuring the 
attenuated signal on the output of the 
attenuators and cables. See Figure B. 
A better way to perform the measure-
ment is to use a network analyzer 
(see last month’s Product Review col-
umn for more information on network 
analyzers), as the attenuation can 
be read directly with an accuracy as 
good as 0.1 dB. Additionally, keeping 
the power at the HP wattmeter within 
a single range of the power sensor 
can eliminate sensor linearity error, 
improving the measurement accuracy 
even further.

So what does all this mean with 
respect to the Alpha Radio Products 
4510 wattmeter? Of course the 4510 
does not use the caloric type of mea-
surement that the lab type wattmeters 
provide, but what Alpha does do is 
apply a calibration table of both fre-
quency and amplitude correction fac-
tors. Additionally, they add correction 
factors for temperature variation over 
a range of –5 to +122°F. Their refer-
ence is an HP 437B with power at-
tenuators and cables that have been 
measured on a network analyzer. 
They also use different attenuators for 
each power level (from mW to kW) to 
keep the measurements with the HP 
437B within a single sensor range. 
With the current state of the art, this 
approach is about as accurate as you 
can get. — Michael Tracy, KC1SX, 
ARRL Test Engineer

Power Measurement and the Alpha Power 4510
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Figure 10 — The 4510’s serial connec-
tion can also be used to collect strings 
of measurement data for use in another 
application. 

both the analog meter and digital display to 
“bounce” slightly.5 I’ve seen this happen in 
other equipment in the station and it didn’t 
affect measurements or operation with the 
4510. Obviously W1AW is a harsh EMI 
environment for any instrument, but this is 
something to be aware of if the 4510 is used 
in a multi-transmitter contest station.

PEP Measurements
The 4510 has two measurement modes 

— PEP and Tune/Carrier. In Tune/Carrier, 
the 4510 measures 32 samples of RF and 
calculates an average value for the reading. 
The manual recommends using this mode 
for making measurements with a constant 
(“key down”) signal, or for tuning an exciter, 
amplifier or antenna tuner. 

In PEP mode, the 4510 takes consider-
ably more samples of RF — 497. It then 
uses the highest sample values to calculate 
an average value for the reading. The manual 
recommends using the PEP mode during 
normal on-air operation after any equipment 
tuning is done. 

PEP mode is definitely the way to go for 
monitoring power during CW or SSB opera-
tion. In the Tune/Carrier mode, the 4510’s 
response is slow enough that it doesn’t fol-
low voice syllables or keyed CW in a useful 
way. PEP mode offers more of a “peak-hold” 
display. When you transmit, the 4510 takes a 
PEP measurement and then displays it with-
out a lot of flashing digits and analog meter 
movement. It takes only one or two characters 
on CW or a syllable or two on voice to get a 
measurement, and the display holds the last 
measurement for several seconds after you 
stop transmitting. 

Figure 9 — Software 
included with the Alpha 
Power 4510 allows 
monitoring of power 
measurements and 
wattmeter settings on a 
Windows PC.

Software and Computer Interface
Another neat feature is the ability to moni-

tor various functions using Windows software 
included on a CD-ROM. The software allows 
the 4510 to send information to your PC via 
a serial port for graphical display as shown 
in Figure 9. The screen shows  forward (or 
delivered) power, reflected power, SWR, 
measurement mode, switch settings, fre-
quency of operation and the internal ambient 
temperature of the unit. (The temperature 
is used to apply measurement correction 
factors.) 

If you’re more interested in receiving data 
from the 4510 for use in another applica-
tion, you can use a generic communications 
program such as Hyperterm (included with 
Windows) to receive and store strings of data 
(see Figure 10). These strings contain values 
indicating measurement mode, forward 
power, reflected power, SWR, temperature in 
°F and estimated frequency. The values are 
comma-separated and each “sentence” has 
consistent starting and ending characters, so 
the data is easily parsed in another applica-
tion. Note that the estimated frequency is just 
that, an estimate. It’s accurate to about ±10% 
and used by the meter to apply frequency 
compensation factors.

Why would you want the raw data? Some 
examples that come to mind are tracking the 
power drift of a transmitter over time, plotting 
the SWR curve of an antenna or monitoring 
power and SWR in a remote station. 

Parting Thoughts
Although I’m partial to cross-needle 

SWR/power meters, I found the 4510 to 
be a breeze to use. The software interface 
is certainly a bonus as well. The dc power 
requirement is a hindrance for portable or 
field use, and some form of external battery 
supply would only make it better. 

With the 4510, Alpha Radio Products 
brings a laboratory grade RF power meter to 

the ham shack. By characterizing and applying 
correction factors for changes in frequency, 
temperature and amplitude, and through 
carefully minimizing the multiple possible 
sources of error in the calibration process, 
Alpha has maximized 4510’s accuracy over a 
wide range of frequencies and power levels. If 
you demand a highly accurate and well made 
instrument and don’t mind the associated price 
tag, put this one on your short list.

Manufacturer: Alpha Radio Products, 
6195 Arapahoe Ave, Boulder, CO 80303; 
tel 303-473-9232, fax 303-473-9660; www.
alpharadioproducts.com. Price: Alpha 
Power 4510, $1095. Alpha Power 4520 
(5 kW version), $1195.

In order to present the most objective 
reviews, ARRL purchases equipment off 
the shelf from dealers. ARRL receives no 
remuneration from anyone involved with 
the sale or manufacture of items presented 
in the Product Review, Short Takes or New 
Products columns. — Ed.

The ARRL-purchased equipment listed 
below is for sale to the highest bidder. Prices 
quoted on the Web page are the minimum 
acceptable bids, and are discounted from 
the purchase prices. All equipment is sold 
without warranty except as noted.

Details of equipment offered and bidding 
instructions can be found on the ARRL mem-
bers’ Web page at www.arrl.org/prauction. 
The following items are available for bid in 
the July auction: 

• Yaesu FTDX-9000 Contest HF and 6 meter 
transceiver.

• ICOM IC-7000 MF/HF/VHF/UHF mobile 
or fixed station transceiver.

• Alinco DR-635T VHF/UHF FM mobile 
transceiver.

• ICOM IC-P7A 2 meter and 70 cm FM 
handheld transceiver.

• Winradio G3 software defined receiver.
• MFJ-4116 bias tee (pair).
• Ten-Tec VNA vector network analyzer.

5Alpha notes that the “bounce” is not a defi ciency 
in the Alpha 4510. Rather, it is due to the ex-
treme sensitivity of the meter that allows it to 
respond to power received by the antenna in 
the harsh EMI environment. 
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