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RADIO TESTING EXAMS AND MEETING

The testing and meeting are on the 2™ Monday of
each Month.

We are having in-person, electronic testing and
monthly meetings.

The Radio license Exams are from 5:30-6:30PM
Meetings which start at 7:00PM (Program &
Business).

Both will be held at The Church of Jesus Christ of
Latter Day Saints, 3026 South Avenue West, across
the street from Big Sky High School.

Use the North entrance as all others will be locked.
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11 Nov 2024 Exam Testing Results
Congratulations to:
1. Lance Fisher of Missoula has passed his General exam. His call sign is KK7VWE.
2. Ted Fisher of Missoula has passed his General exam. His call sign is W7TED.
3. Tyler Warren of Missoula has passed his Tech & Gen exam. His new call sign is KK7WKI.

11 Nov 2024 HARC Meeting Minutes Meeting called to order @ 7:10 PM
1. Attendance: N7PAS, KC7BOG, KJ7YHG, W7RPG, K7MTD, K7MSO, N7NHS, AG7FH,

K7QA, KOSN, NZ7S, KK7NOM. Quorum - Y
Visitors: David Bixby N7MPG, Saxon Holbrook KK7VVN, Ted Fisher W7TED.
NOTE: 12 Members / 3 Visitors present.  Thank you to all that attended.
2. Last meeting minutes, Oct: Motion to approve minutes: 1st N7PAS 2nd K7MTD

Discussion _KOSN reports that some HF Committee comments from the last meeting are misattributed to
him. He was not present at the last meeting and could not have made them. Last meetings minutes were

approved with this correction. Vote: Passed
3. Treasurer’s report, KJ7YHG: _Reported that club investments are doing great

Discussion ___ None 1 N7PAS 2™ KOSN Vote: Passed
4. Repeater Committee W7RPG: None

Discussion __None 1 2nd Vote:

5. HF Committee Report KOSN: Members of the HFC spent 3 hrs sweeping out the storeroom where the
club's gear is stored, at the KGVO transmitter building. Shelfs were moved around and new shelves were
brought in. KYMTD and N7NHS are now part of the HFC.

6. Up Coming Events:
1.) Skywarn Recognition Day on 6 & 7 December from 1700 to 1700 Hrs at Missoula Weather Service
Office at airport. Setup starts at 3:00Pm

7. Business: NO business will be conducted at the December meeting, so here’s whats going on.

a. Christmas Dinner Meeting: 9 December @ 7 p.m. Catered Dinner from Famous Dave's,

No Alcohol, white elephant gift exchange. $10.00 per person, Club picks up the rest.
W7G]J will present the December program.

b. Para Gliders — need frequency for Mt.Sentinal flights. Freq list sent 29 Nov.

c. 2025 Club Board members will be the same as this year's board members.
Motion to keep 2024 board members for 2025 passed.

d. The club's old projector will be put on the club's inventory list.

e. An informal chat net has started on Tuesday nights at 8:00 pm using the 146.90 repeater.
All are welcome.

8. Net Control Operators

Dec 04 N7PAS 2025 Jan 01 N7PAS
Dec 11 K7MSO Jan 08 K7MSO
Dec 18 W7RPG Jan 13 HARC Meeting

Dec 25 NZ7S

9. Good & Welfare:
Meeting adjourned at 8:30 PM. Minutes by K7MSO
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HARC INVENTORY -- FOR SALE

HARC INVENTORY For Sale IF YOU DON'T LIKE PRICE, MAKE AN OFFER!
SEND EMAIL TO HFC@W?7PX FOR INFO OR TO MAKE PURCHASE

Displayed values are for item in good working order after being tested.
SERIAL CONDITIO

Line ITEM Category MAKE MODEL " - Price New
1  Custom Hotspot Nex-Gen untested
2 Speech Intel. Enhancer MFJ 616 untested
3 Signalink USB Tigertronics untested
4 VHF Hand Held BendixKing LPH5143 untested
5  VHF Hand Held Icom F70DT untested
6  VHF Hand Held Alinco DJ-G5 untested
7  Foot Switch ? ? untested
8  Mounting Bracket Icom MBF-1 untested

unteste
9  QRM Eliminator X-phase d 30
10  Aluminum Proj. box untested
11 Hybrid Phone Patch Heathkit untested
12 2M/440 Mobile Xcvr Kenwood TM721A untested
13 Pactor controller SCS PTC-Il Pro untested
14  Multi-mode TNC AEA PK232 MBX untested
15 Foot switch Clipper untested
16 External Speaker Icom SP-35 untested
17 Speaker Mic Motorola untested
18 Remote Software Icom RS-BA1 untested
19 HF + 50 mhz. xcvr Icom 1C-7300 untested
20 HF Mobile Xcvr Kenwood TK-90 untested
21  HF Xcvr lcom F-8101 New
22 HF Xcvr Icom F-8101 untested
23 AutoTuner, 150W.(qty3 SGC SG230 untested
24  Auto Tuner, 500 W. SGC SG235 untested
25  Electronic Keyer Heathkit untested
26 Mobile Antenna Mount SGC Qms-?? untested
27  Auto Tuner SEA ?? untested
28 Computer compP Dell Latitude Fair
29  Pow Supply 220-225mhz PS Mirage C106G 20973 Good
30 Radio-Hand Held 2 met. RAD-V,UHF Realistic HTX 202 Good
31 Portable Repeater REP TM-241X2 ?
32 Triband Beam ATR Hy-Gain Few
33  Speaker + Power Supply PS Drake MS-4 + AC4 5705  Not tested
34 Reflected Pwr Mtr AcC Heathkit HM-15 Works
35 Mobile Tuning Mtr ACC Heathkit PM-2 Untested
36 2 Mtr HH Transceiver RAD-V,UHF Realistic HTX-202 Error Code
37  Spkr. w/vol. control AcCC Yaesu Untested
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38
39
40
41
42

43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81

1993 ARRL Handbook
Handbooks

Vintage Mic

RC checker

Transceiver

Transverter Interface
Low pass Filter
Receiver

Receiver

Vintage Speaker
Vintage Speaker

AC Power Supply
SSB Transceiver

HF Xcvr + Power Supply
Oscilloscope
Power/SWR Meter
Vertical antenna
Receiver

SSB Adapter

Test Oscillator

Rotor Control

2M FM Transceiver
HF Transceiver +Man
Transmitter

Voice Keyer
Fwd/Refl. pwr meter
2 mtr mobile Xcvr
Field str/SWR meter
VHF/UHF/FM amp
Gen. Coverage Rvr.
Receiver

VTIVM

Oscilloscope

Var. power resistors
Scanner

BUG KEY

Speaker

PUB

RAD-HF

RAD-HF

PS
RAD-HF

ATR

ATR

RAD-HF
RAD-HF
ACC

RAD-HF

ACC

Many electronic parts too numerous to list.

Misc. meters

RCA male Patch cords
Peter Dahl 1I0HY @ 1 A
Peter Dahl 40HY @ .6 A
Peter Dahl 9 HY @ 1.5A
Peter Dahl Swgng Choke

Choke, Filter
Choke, Filter
Choke, Filter
Choke, Filter

ARRL
Astatic
CDE

Collins

Down E. Micro
Drake
Hallicrafters
Hallicrafters
Hallicrafters
Hammarlund
Heath Kit
Heath Kit
Heathkit
Heathkit
Heathkit

Heathkit
Heathkit

HP

Hygain
Kenwood
Kenwood
Meissner
MFJ
Midland
Radio Shack
Radio Shack
Radio Shack
Realistic
Signal Corps
Simpson
Telequip.
Tru-ohm, etc
Uniden
unknown

Yaesu

1950-1980
JT-30

RT-91ARC-2

TV-3300
SX-100
SX-62B
PM 23
S-100
HP-23-A

HW-101 103-

Tt

10-4105
HM15
Dipole 80
HR-10

650A
DCU-1
TR7400A

TS-520 910086

9-1160 (tube)
MFJ-432
23-126
HTX-242

DX302
R-392/URR
311

BC9000

SP-8

new
new
NEW

new

like new
OK

Untested
untested

untested

untested
untested

fair

untested,
Nice,
Nice,

works

needs

untested

untested

untested

?

untested,

untested

untested

untested $400.00

no output
non-

good
untested
untested
untested
untested
untested
untested
fair
untested
untested
untested
works
fair
Good,work
offer
untested,
good
new
new
NEW $585.00

new
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82
83
84
85
86
87
88
89
90
91
92
93
94
95
9%
97
98
91
92
93
9%
95

Please send email to HFC@W?7PX.org if you can help.

Antenna Tuner TUN
Voice Synthesizer ACC
Antenna Tuner + man TUN
RTTY CW ACC
TRIPLEXER
DUPLEXER

2 mtr, 30 Watt amp
Microphone

Vintage Mic

Rotor Control ATR
Power Supply
VHF/UHF Transverter
Transceiver-HF
Transmitter-HF
Receiver

Tube Tester

RF Signal Generator
HF Transceiver

Auto Antenna Tuner

Transmitter

lcom
lcom
MFJ

MFJ
Comet
Comet
Mirage
Astatic
Astatic
Hygain
Heathkit
Yaesu
Heathkit
Heathkit
Knight
Sencore
Heathkit
Yaesu
Yaesu

Heathkit

AH-4
UT-102
MFJ-934

CFX-324

B23

D104, SE
JT-30

DCU-1
HP23C
FTV-700
SB-101
DX-20

R-100
MightyMite7

FT757GX
FC-757AT
DX-100B

5172

NA

works

works
needs

Wé?lri,untes
untested
untested
untested
untested
untested
untested
untested
untested
untested

untested

untested

$400.00
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Basic Analog Power Supply Design (Part 2)
By Gerard Fonte

In the first part, we saw that there are three main components to an analog power supply: input
power conversion and conditioning; rectification and filtering; and regulation. We examined the
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first two components and in this article we will examine the regulation aspect. We will
concentrate on the basic three-terminal regulators that are cheap and easy to obtain.
However, it should be remembered that many of the basic design aspects of three-terminal regulators apply to

any analog regulator design. In this article, a zero to 30 VDC, zero to one amp, current limited power supply
will be developed. The basic cost for parts is around $25.

Basic Three-Terminal Regulator

Figure 1 shows a conceptual design of a three-terminal regulator. (We'll limit our discussion to positive
regulators because the negative regulators are virtually the same, other than polarity.) It's important to
appreciate how this works in order to properly understand and apply analog regulator concepts.

INPUT OUTPUT
AN
Q
FIGURE 1. The basic approach to the three- R L
terminal regulator is a simple negative
feedback op-amp circuit. Although in
practice, it’s a bit more complicated than +
this. D
REFERENCE
COMMON

Fundamentally, the regulator is a negative-feedback servo system. The resistor and zener diode provide a stable
voltage reference to the non-inverting input of an op-amp. The inverting input of the op-amp measures the
output. If the output is higher than the reference, the op-amp slews towards a lower voltage.

Conversely, if the output is lower than the reference, the inversion of the op-amp’s input drives the base of the
transistor harder to allow a higher voltage to pass. This design concept is pretty straightforward (although
implementing it can be fairly complex).

There are a number of points about this basic design that need discussion. The first is that the pass transistor is
acting as a variable resistor. It reduces the input voltage by limiting the current. As you can imagine, a fixed
resistor in this situation must be able to dissipate plenty of heat, so it’s the same for the transistor. We'll
examine this in more detail later.

The second point is that there's a voltage drop across the pass transistor. All bipolar semiconductor junctions
display this effect. This means that the input voltage must be higher than the output voltage for proper
operation. For the standard three-terminal voltage regulators, this voltage is about 1-2.5V, depending on
temperature and current drawn. (However, for proper design purposes, the 2.5V “drop-out” voltage should
always be employed.)

If the desired input-output voltage difference is less than this 2.5V, the circuit will no longer have the headroom
to regulate properly and drop out of regulation. (There are other “low-dropout” or LDO regulators available
that can operate with much less input-output differential — some as low as 0.1V. However, care must be taken
to provide proper capacitive loading or else they may not function properly.)

The third point is that it takes some small amount of time for an output change to propagate through the op-
amp and transistor (loop delay). During this time, the output is not being properly regulated. Obviously, the
faster the op-amp and transistor, the shorter this transient will be. However, manufacturing fast high-power
transistors is not easy or cheap.
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Additionally, the faster the transistor and op-amp circuit is, the more prone to oscillation it is. Having your
power supply oscillate is not a good thing. Most three-terminal regulators have a transient response (closed-
loop delay time) of about 30 ps.

The last point concerns adjustable voltage regulators (Figure 1 shows a fixed-voltage regulator). Without
getting into a long technical discussion, it's difficult to provide a stable and cheap reference voltage below 1.2V.
This limits the minimum output voltage of adjustable regulators. However, we’ll see a cheap and easy solution
to this problem, later.

Additional Components Needed

For the fixed voltage regulator, only an input and output bypass capacitor (connected to ground) are required
(typically 0.1 to 1.0 pF). These are to stabilize the op-amp in the regulator. If the large filter capacitor is in
close physical proximity (less than 6”) to the regulator input, then the input bypass capacitor can be omitted.

In theory, the output capacitor can also be omitted. However, if your circuit to be powered just happens to have
a load capacitance of 500 pF to 5,000 pF, then the regulator might oscillate.

Using a 1.0 pF output bypass capacitor forces the op-amp into a stable operating mode. It's always a good idea
to spend a few pennies on this to be sure you have a reliable power supply.

Figure 2 shows the proper design for an adjustable regulator. The input and output bypass capacitors (Ci and
Co) are the same as in the fixed regulator implementation.

Do | A
FIGURE 2. The practical implementation of L
the LM317 adjustable regulator requires a few 317
additional components for optimal [Doc_1nPUTY n outle—s <OUTPUT _|

H

performance and reliability. The text describes _Jci fd) Rp _IEo
= ! 2493 -

the additional parts and their function. To. 1 Dad ”

' Lbyp
g Radj —_~
10

The two resistors (Rb and Radj) are required to choose the output voltage. Typically, Rp is set at 240 ohms to
provide a proper current (typically about 50 pA) into the feedback of the op-amp.

Radj is used to vary the output to the desired value. The capacitor connected to the adjustment pin (Cbyp) is
used to improve ripple/noise rejection. This is especially useful if the raw DC input is coming from a switching
power supply which is typically quite noisy.

The diodes are used to protect the regulator against unexpected voltage reversals. If the input should be shorted
to ground, capacitors on the output and/or the adjustment pin will still maintain their voltage. They will then
discharge backwards through the respective pins towards the input. This can destroy the device.

If there is no adjustment bypass capacitor used (Cbyp), then the Dadj can be omitted. If you're sure that the
device being powered will never have 10 pF or more load capacitance, then Do can be omitted, as well.
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Adjustment Calculations

It's important to remember that (for adjustable regulators) the adjustment pin acts as a non-inverting feedback
point to the internal op-amp. As such, the op-amp will do whatever it can to maintain the voltage on this pin
(which is specified to be 1.25 volts below the output). So, if we apply a voltage (through a resistor) to this pin,
the output will go up. If we short this pin to ground, then the output will fall to about 1.25 volts. If a negative
1.25 volts is applied, then the output will go all the way to zero volts.

Generally, a voltage divider is used to pass some of the output voltage back into the regulator to set the output
voltage (as shown in Figure 2). The equation is Vout = o
Vref (1 + Rp/Radj) + (Iadj x Radj). Vrefis 1.25V as 3 2
noted above. The second term (Iadj x Radj) is the error m H a dJPUt
correction for the 1.25V reference. Generally, this is 1

quite small and is often ignored. If this is ignored and éRp
the typical value of 240W is used for Rp, then the
equation becomes Vout = 1.25 (1 + 240/Radj). Usually,
this is accurate to within a few percent.

A curious thing happens when we replace Radj with a
power load instead of a resistor (see Figure 3). The LOAD
output voltage varies with the load. We see that this
makes sense because the power load variation is acting J7

as a variable resistor. The result is that the current to the

load remains fixed but the voltage varies. In other

words, the voltage regulator has changed into a current

regulator. Instead of a constant voltage, we have a constant current.

FIGURE 3. By substituting the load for the adjustment resistor, the LM317 becomes a current regulator (the
voltage changes according to the load). This is a very useful circuit that is not often used.

It's easily seen that the maximum current allowed depends upon Rp. If Rp is made 1.25W, then up to a full amp
of current can be supplied. Note that this current is limited by the 1.5A maximum output of the regulator and
the maximum output voltage obtainable (which depends upon the input voltage). This current regulation is a
very useful feature (of these regulators) that is not often used.

Power Dissipation

Basically, the regulator acts like a variable resistor in series with the power supply. The amount of power
dissipated is simply the voltage difference between the input and output pins times the current drawn. This
creates some interesting situations.

For example, suppose you provide 35V to the input of an adjustable regulator and expect to draw one amp at
five volts and also at 32V. At five volts, there will be a 30V drop across the regulator. With an amp of current,
the regulator will have to dissipate 30W while providing five watts to the load. It’s only 14% efficient. At 32
volts, there will be a three volt drop which means that the regulator must dissipate just three watts while
supplying 32W to the load. This is 91% efficient.

It's clear that keeping the input voltage as close to the output as possible results in better efficiency and less
heat. (Note that with an input voltage of 35V and a current requirement of one amp, the total power used will
always be 35W. The more power the load uses, the less the regulator must dissipate.)

Often times, multiple voltages are needed for a circuit. There is nothing wrong with placing a five volt
regulator after a 10V one. In this way, the voltage drop for the five volt regulator is shared between two
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devices. However, if the two voltages have significantly different current requirements, this approach may not
be optimal. (You can use Ohm’s Law to calculate the effective resistance of the regulator given the desired
voltage and current. The power is then calculated to be the resistance times the current squared.)

Applying the Theory

We can now combine the information from the two articles to build a practical power supply. We’ll start with a
basic supply and then discuss how to change it to add features that may be useful. Figure 4 provides a practical
circuit for an adjustable current-limited and voltage-regulated one amp power supply that goes from zero volts
to about 30 volts. (This particular circuit has proven to be very useful and adaptable in a number of high-
reliability designs for my clients; usually with fixed current limit and fixed output voltage.)

R#d DL POWER CURRENT LIHIT VOLTAGE REGULATION SUBTRACT
S an 1O 125 A 1.2 T0 32 vOLTS 1.4 WiLTS
Frr— Fi FUSE 31 (37 WOLT PEAK) Hns
T AR AR - . 3 AP m -
' T zsev 188 PIv
GROUHD > LR3L7 LM317
£ : ==y o Pl e s Hin but i Hin " Bk
. ot v g "2, naj | ra T
Tz LED ~ e : a | L& .
HEUTRAL L2 JEstw EB4% e cal. 25
IH4Ba4 i ,H LED a0 2
58| < = L
D4 i
CHASSIS EREGIRICAL hvd
777 GROURD

FIGURE 4. This is a nice bench power supply that provides 0-30 volts at one amp. It’s also current limited to
help eliminate unnecessary smoke generation in your circuits. Meters to monitor the voltage and current can be
added, if desired.

The raw DC circuit was described in detail in Part 1 and will not be discussed further except to note a few
minor changes. The power transformer is now specified as a 24 volt center-tapped 1.0 to 1.5 amp device instead
of 25.2 volts at two amps. The reason for this change is three-fold.

The first is that some regulators are limited to 35V (most others are rated to 40 V and there is a high voltage
version — LM-317H — that can go to 60V). Note that this is technically the voltage differential between input
and output, not from input to ground. If the output is maintained above ground, then the input can be higher.

However, for a general-purpose power supply, you must assume the output will be shorted to ground from time
to time. This means that the input voltage must be limited to about 37V because there will be about 1.4V
dropped by the bridge diode and an additional 2.5V dropped by the current regulator.

Also, there is no reason to provide two amps of primary DC current if the maximum output is rated at one amp.
(Note that the rating is less than the absolute maximum the circuit can provide.)

The third reason is for regulator heat control. This is also the reason for the added switch which will be
discussed in more detail below.

The main filter capacitor has been reduced from 10 mfd to 4,700 mfd because the power supply current
specification has been reduced from two amps to one amp.

The adjustable current regulator is just three parts: an LM-317; a fixed resistor; and a variable resistor. The
fixed resistor is necessary to limit the current through the resistor string. Obviously, as the resistance gets
lower, more current flows. With a 1.25V differential between the output and adjustment pin, the one ohm fixed
resistor limits the current to 1.25A.

If this resistor was eliminated and the adjustable resistor was set to 0.1W for example, the current would be
(theoretically) 12.5A (using Ohm’s Law). This would either destroy the IC or cause it to shut down from
thermal overload. Neither is good.
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Also, the power through that small resistance would be 15.6W (power is equal to current squared times
resistance). This would burn the variable resistor. By forcing a minimum of 1.0W in the circuit, the current is
limited to a maximum 1.25A and the variable resistor is protected.

The worst case power dissipated by the fixed resistor is 1.25W. A three watt resistor (rather than a two watt
device) is chosen to be conservative. The worst case power requirement of the variable resistor occurs when it
is equal to the fixed resistor or 1.0W.

In this instance, there will be about 0.4W of power through it. This means that a one watt potentiometer is
adequate, but a two watt unit will be used to be very conservative. Remember, it’s better to spend a little bit
extra on the power supply than to spend a lot on ruined circuits.

The voltage regulator section is simply the design from the beginning of this article. The only change is to use a
variable resistor (R6) instead of a fixed resistor (Radj).

Heatsinking is an important issue. The voltage regulator must be able to dissipate up to 32W of power, worst
case. This creates a significant problem. The typical TO-220 case is limited to 15W as per the spec sheet. One
poor solution is to reduce the maximum power rating to about 0.5A for lower voltages. This is changing the
specs to match the design instead of designing to match the specs. There is another approach that requires a bit
of creative engineering that will be detailed below.

Curiously, the current regulator is very efficient. The voltage drop is typically 2.5V (worst case), so the
maximum power dissipated at one amp is 2.5W. A simple and inexpensive clip-on heatsink is sufficient here.

Fixing the Heat Problem

As noted, there is too much heat to be dissipated at low voltages. The problem comes from the large voltage
drop from the input to the output of the regulator. The solution is to use a center-tapped transformer and switch
between taps. Center-tapped transformers are common and generally cost no more than noncenter-tapped
transformers.

When the switch is connected to the top end of the transformer, the full voltage is applied to the rest of the
circuit and the full range of voltages is possible. As long as the current draw is kept below about 0.5A, there
will be no heat problem. However, if the power supply needs to provide a high current at a low voltage, the
switch is used to connect to the center-tap and reduces the input voltage by 50%. Thus, only about 18 volts is
applied to the rest of the power supply.

So, if five volts at one amp is needed, then only 13W of power must be dissipated by the regulator as heat
(instead of about 30W). This allows the standard TO-220 style regulator to be used within the specified limits.
(If you want to get fancy, you could monitor the adjustment voltage and use a separate circuit to automatically
switch between the transformer windings.)

Fixing the Minimum 1.2 Volt Problem

Most people want a power supply to go all the way to ground. It turns out that there's an easy way to
accomplish this: just add two diodes in series with the output. Each diode drops the voltage by about 0.7V
(depending on load). So, two diodes will reduce the output by 1.4V. In actual operation, only about 1.0V is
dropped at no load. This makes the minimum output no load voltage 0.2V. This is virtually zero.

If you really want to, you can add another diode in series to drop the output further, but it seems unnecessary.
The resistor to ground is included to drain off any leakage through the diodes. Without the resistor, the output
can float up to the voltage applied to the diodes.
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It should be noted that you can pull the output of the regulator to ground if you apply a negative voltage to the
adjustment pin. This is somewhat complicated if a negative voltage is not easily available (as in this case). The
addition of two diodes is a quick and easy fix.

Minimum Current Discussion

As noted on the schematic shown in Figure 4, the minimum current limit is about 5 mA. For virtually all
applications, this is not a problem. Very few components will be damaged with 5 mA applied to them.
However, if the voltage is set to 30V, then 150 mW of power is present at the output. This could be too much
for some components.

It must be remembered that the voltage regulator uses some current for its operation (in addition to the current
dissipated during the process of regulation). As it happens, the regulator draws about a constant 5 mA with a
30V input, regardless of the voltage output setting. Therefore, while the current regulator provides a minimum
of 5 mA, this current is used by the following voltage regulator and it is not seen at the output to a great degree
(although in certain special cases it might be). This is not a perfect solution, but it is reasonable.

If desired, a larger current adjustment resistor (R5) can be used. A 1K potentiometer will reduce the minimum
current out of the current regulator to about 1 mA.

Adding Meters

It’s always nice to be able to measure the voltage output and current used. Adding a voltmeter is simple. Just
place it across the output to measure the voltage.

The current meter is a bit more complicated. You can place an ammeter in series with the output to measure the
current used. This will work most of the time. The problem is with the series resistance added by the meter.
Depending on the meter, this might affect the circuit you are powering. Basically, it increases the power supply
impedance. This is especially true for low current ranges where the series resistance may be a hundred ohms or
more (my cheap meter has 800W of resistance on the 500 pA scale).

If you don’t mind an error of a few mA, there is a very convenient place to measure the current. All you have to
do is measure the voltage across the leads of R4 in the current limiting circuit. This is a one ohm resistor and
will provide one volt per amp of output current.

The basic accuracy depends on the precision of the resistor. A 1% resistor will be accurate to 1% except for the
few mA used by the voltage regulator circuit that follows. (Note that you can measure small load currents by
noting the current before connecting the load and after it has been connected. The difference is due to the load.
Your basic limitation here is the ability to measure small voltages. Five mA of current will provide only 5 mV
across the resistor.)

The proper method of measuring the output current is to add a small series resistor to the output and measure
the voltage drop across it (just like we did with R4). Typically, this resistor is 0.1W or less and requires a bit of
careful design. There are current monitor ICs available for a couple of dollars that greatly simplify the problem
of converting a current into an easy to measure voltage.

Conclusion

Understanding basic analog power supply concepts allows the design of a robust, general-purpose power
supply for around $25. Adjustable three-terminal regulators are inexpensive and their shortcomings can be
compensated for without too much trouble. Higher current and higher voltage regulators are available so that
larger power supplies can be built.
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Instead of providing only a circuit diagram and instructions, these two articles have attempted to provide a
foundation of information needed to help anyone design a power supply for their own needs. Power supply
design is a basic skill every engineer and hobbyist should have. After all, every project needs to be powered in
some way.

PARTS LIST

Resistors 1/4 watt 5% unless otherwise specified

R1 30K 1 watt

R2, R3 10K

R4 1.0 3 watt

R5 250 2 watt adjustable

R6 5K adjustable

R7 240

Capacitors

C1, C2 0.1 mfd 250 volts ceramic

C3 4,700 mfd 63 volt aluminum electrolytic

Cc4 0.1 mfd 63 volts ceramic

C5 10 mfd 63 volts aluminum or tantalum electrolytic
C6 1.0 mfd 63 volts aluminum or tantalum electrolytic or monolithic
Semiconductors

D1, D4 High efficiency LED

D2, D5, D6 1N4004 rectifier diode (1 amp 400 PIV)

D3 Bridge rectifier 3 amp 100 volt PIV

D7, D8 1N5401 rectifier (3 amp 100 volt PIV)

U1, U2 LM317 adjustable voltage regulator TO-220 package
Misc.

T1 Transformer 24V center-tapped 1.0 amp to 1.5 amps
F1 1 amp slow-blow fuse

SW1 SPDT switch (3 amp contacts)

Power cord, case, fuse holder, heatsinks, optional meters, etc
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HELLGATE AMATEUR RADIO CLUB
AGENDA - 9 Dec 2024
Dinner meeting only — No Business

December

Calendar of Events
Board: NZ7S, W7RPG, KJ7THG, K7TMSO

Editor — N7PAS

Sunday Monday Tuesday Wednesday Thursday Friday Saturday
1 2 3 4 5 6 7
Informal Chat net ERC Net 7:30 on HARC Saturday Net
(Roundtable) on 146.900-88.5T 9:00AM on 147.040
146.90Mhz -offset BARC Net 8:15 on Repeater.
88.5Hz tone at 146.720-203.5T
8:00PM HARC Net 9:00 on
147.040-No Tone
8 9 10 1 12 13 14
HARC Testing 5:30 | Informal Chat net ERC Net 7:30 on HARC Saturday Net
& Dinner Meeting (Roundtable) on 146.900-88.5T 9:00AM on 147.040
7:00PM 146.90Mhz -offset BARC Net 8:15 on Repeater.

88.5Hz tone at
8:00PM

146.720-203.5T
HARC Net 9:00 on
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15

22

29

HARC Events: 2024

16

23

30

Month Day
Monthly

April

April 27
June 04
June 22-23
June 28-30
July 04
July  19-21
Sept 03
Oct 7?7

147.040-No Tone
17 18 19 20 21

HARC Saturday Net
9:00AM on 147.040
Repeater

First Day of Winter

ERC Net 7:30 on
146.900-88.5T
BARC Net 8:15 on
146.720-203.5T
HARC Net 9:00 on
147.040-No Tone

24 25 26 27 28
ERC Net 7:30 on HARC Saturday Net
146.900-88.5T 9:00AM on 147.040

BARC Net 8:15 on Repeater
146.720-203.5T

Informal Chat net
(Roundtable) on
146.90Mhz -offset
88.5Hz tone at
8:00PM

Informal Chat net
(Roundtable) on
146.90Mhz -offset
88.5Hz tone at

8:00PM HARC Net 9:00 on
147.040-No Tone
Christmas Day

31

Informal Chat net HAPPY

(Roundtable) on

146.90Mhz -oftset = NEW YEAR

88.5Hz tone at
8:00PM

(Actual Dates to be filled in as they become known)

Activity

MARS Interoperability Exercises — Eric NZ7S will keep us advised.
1% week of each month for 2024. Check in on 60 meters. Noon and 8 pm.

Grizzly Triathlon

Riverbank Run

Trail Rail Run

Field Day

Missoula Marathon — See Coming Events — pg 1

W7PX Special 4™ of July Event — Cabin needs to be reserved.
Glacier Waterton Hamfest

Fox Hunt ?? 1 per year on Saturday from 10:00AM to 4:00PM

Bitterroot Mushers Dirt Dash
We have secured Lubrecht for Oct 10-12, 2025 and are planning to hold the event
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again next year and are excited to bring it back. Do you think your group would be
interested? We sincerely appreciate your support and would have to significantly scale

down our event without you
11. Oct 17 Great Montana Shakeout Drill
12. Oct 19-20 JOTA/JOTI

13. Nov 05 Election Day - 5th

------- We are here

14. Dec 07 Sky Warn Recognition Day (0000Z-2359Z = 1700 Fri — 1659 Sat)
First Fri Evening — Sat Morning/Afternoon every December — as listed below.
2 December 2023, 7 December 2024, 6 December 2025, 5 December 2026,

4 December 2027, 2 December 2028, 1 December 2029

15. Dec 09 HARC Christmas Dinner Meeting

HARC Programs for 2025

Which amateur radio topic would you like to see presented?
Do you have a program that you would like to present?

Do you know of a person that has a certain level of expertise
in amateur radio that could give a presentation?

If you would like to be involved in the presentations,
please let me know.

Name

PH:

Email:

Please email me your thoughts @ dsbaldwin@live.com and |
will compile a list of programs for the 2025 year
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NOTE: Dec 09 is Christmas Dinner meeting — No business will be conducted.

This is a Members Only dinner, sign up is required.
Please do NOT show for the dinner if you did NOT pay a fee and sign up for it.

Thank You,
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