
(j) 
(.) 

z 
0 a: 
I
(.) 
w 
_J 

w 
6 
0 
<1: 
a: 

64 

JOHN D. LENK 

SO YOU WANT TO TRY SERVICING VCR'S? 

On the other hand, maybe you would just 
like to know how to make some simple 
adjustments to improve VCR per
formance or some sure-fire troubleshoot
ing to quickly pinpoint VCR problems. 
Well, we'll start this article by saying 
there are no such tricks or simple adjust
ments! Servicing any VCR takes all the 
skill and knowledge required to service 
any TV set or tape recorder. More impor
tant, all VCR adjustments, particularly 
mechanical adjustments, are critical. An 
improper mechanical adjustment can not 
only put a VCR out of commission, but 
can result in permanent damage to the 
VCR or cassette. 

Now that we have duly frightened you, 
let us go on to discuss what practical steps 
you can take in VCR servicing, without 
hassle, and with a minimum of danger. 
Before we start, however, let us set a few 
ground rules. First off, we will assume 
that you are thoroughly familiar with TV, 
both color and black-and-white, and with 
magnetic tape recorders. We also assume 
that you can use all forms of test equip
ment and tools associated with TV and 
tape-recorder service. If the above is not 
true, you probably have no business try
ing to service a VCR. 

Now let us review how VCR's, both 
Beta and VHS, operate. We will not go 
into full circuit descriptions or mechan
ical details (to do so would fill a book, let 
alone a magazine article), but we will go 
through VCR functions so that you can 
understand the theory-of-operation sec-

REPAIRS AND 
ADJUSTMENTS 

THAT \l@(ill CAN DO 

Repairing and aligning VCR's isn't easy; but it is possible to do 
some of the work yourself if you know how! In this article we'll 
tell you what repairs and adjustments you can make using 
standard test equipment. 

tions found in VCR service literature. 

The basic VCR circuit 
Figure 1-a is a block diagram of a basic 

VCR circuit. Note that a VCR is a form of 
VTR, or videotape recorder. VTR's have 

VIDEO 
CAMERA 

AUDIO HEAD 
(STATIONARY) 

RECORD 
CIRCUITS 

AM 

FM 

AM 

been used in the television industry since 
about 1955 to record programs. Based on 
the same electromagnetic principles as an 
audio-tape recorder, a VTR has the ability 
to record on magnetic tape, and later play 
back, video signals coming from a video 

MAGNETIC 
TAPE 

TAPE

b 

PLAYBACK 
CIRCUITS 

AM 

FM 

AM 

L HEAD 
ARY) 

PARALLEL AUDIO TRACK 
(AM) 

FIG. 1-SIMPLIFIED BLOCK DIAGRAM of a home VCR is shown in a. How that VCR records tracks on a 
tape is shown in b 



camera or a TV station. That process is 
called video recording, and has many ad
vantages over older TV recording pro
cesses and over motion-picture film. For 
example, both picture and sound can be 
recorded at the same time; there is no need 
for developing or processing the tape after 
recording; long-term preservation is pos
sible; many recordings can be made using 
the same tape over again; continuous re
cording and playback are possible over 
relatively long periods of time, and a VTR 
or VCR is relatively compact and easy to 
use. 

As shown in Fig. 1-a, a typical consum
er VCR includes a tuner (VHF and UHF), 
an RF section, a timer section, and a me
chanical section (including tape trans
port, stationary audio head, stationary 
control head, and rotating video heads). 
The same heads used for recording are 
also used for playback, and there are two 
rotating heads (typically) for video rec
ord/playback, whereas there is only one 
audio head and one control head. 

The tuner section is similar to tuners 
found in TV sets, and functions to convert 
broadcast signals picked up by the anten
na to frequencies and formats suitable for 
use by the VCR. All TV channels, 2 
through 83, are covered by the tuner. Typ
ically, tuner output to the recording circuit 
is 1 volt (P-P) for video, and 0 dB (0.775 
volt) for audio. 

The recording circuits function to con
vert the tuner output into electrical signals 
used by the heads to record the corre
sponding information on the magnetic 

tape along tracks. There are three tracks as 
shown Fig. 1-b (audio, video, and control 
or synchronization). Note that the audio 
and control tracks are parallel to the tape, 
whereas the video track is diagonal. As 
we will discuss later, the video track is 
recorded diagonally to increase tape-writ
ing speed, and thus increase the band
width as is necessary to record video 
signals. 

The playback circuits function to con
vert information, recorded on the tracks 
and picked up by the heads, into electrical 
signals used to modulate the RF section. 
In the simplest of terms, the RF section is 
a miniature TV broadcast station with its 
output on an unused TV channel (typ
ically Channel3 or 4 , but possibly 5 or 6). 
The output of the RF section is applied to 
the TV set. 

During operation, you select the chan
nel you wish to record, using the VCR 
tuner controls . That need not be the chan
nel watched on the TV set. (In fact, the 
TV set need not even be on while record
ing on the VCR.) You then tum on the 
timer and the prt>gram (or programs) are 
recorded. 

When you are ready to play back the 
recorded program, you select the appro
priate unused channel using the TV 's 
channel-selector controls. Then you turn 
on the timer and play back the program 
using the TV set as a display device. 

Many present-day VCR's also provide 
for recording directly from a video cam
era and microphone. Those are connected 
to the VCR 's recording circuits at the 

same point that the tuner would be. Once 
the material is recorded, operation of the 
VCR during playback is the same, no 
matter what the recording source (off-air 
programming or video camera). 

Why VCR circuits are so complex 
The diagram shown in Fig. 1-a is, of 

course, greatly oversimplified. Although 
a VCR is essentially a tape recorder, there 
are two unique problems associated with 
them that are not found in audio tape re
corders. Those two problems result in 
very complex circuits, as well as precision 
mechanical assemblies for both Beta and 
VHS VCR's. 

One of the problems is the high video 
frequencies (4 to 5 MHz) used in TV. It is 
not practical to record those frequencies 
on tape using familiar audio-frequency 
techniques. The other problem is that 
there must be precise synchronization of 
video and audio during both record and 
playback. 

Now Jet us see how these problems are 
solved in a present-day consumer VCR. 

Recording the video signal 
Recording the audio and control tracks 

is relatively simple when compared tore
cording the video signals. The control 
signals are typically 60 Hz, whereas the 
audio signals rarely go below about 20Hz 
or above 20kHz. The techniques used in 
audio-tape recorders are adequate for both 
of these signals . However, typical video 
signals can range from DC (0 Hz) up to 
about 4.2 MHz. 
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There are three methods used to in
crease the frequency range (or increase 
writing speed) that a VCR can handle
small head gaps , frequency modulation, 
and rotating heads . 

Small video-head gaps 
The recording heads in a VCR are a 

form of electromagnet made up of a core 
wrapped with a coil. Those electromag
nets are made so that the north and south 
poles are placed physically close together. 
But no matter how close together they are , 
there is always a small space, or gap, 
between them. That space is referred to as 
the head gap. 

Both record and playback frequency 
limits are inversely proportional to head 
gap (the frequency limit increases as the 
gap decreases). Thus, all other factors 
being equal , a smaller head gap means 
shorter-wavelength signals can be han
dled . A shorter wavelength, of course, 
means a higher frequency. The reason 
head gaps place that limit on high fre
quencies is that when the wavelength of 
the signal recorded on tape is the same as 
gap width, the playback output is zero . 
Thus the gap must always be narrower (or 
shorter) than the wavelength of the highest 
frequency to be recorded. Note, however, 
that although present-day video-head 
gaps are very small (typically 0 .6-mi
crometer for Beta and 0.3-micrometer for 
VHS), there is an obvious physical limit 
on how small you can make a practical 
video head. Thus , other methods of in
creasing the frequency range must also be 
used. 

FM recording and playback 
The output voltage of any tape playback 

head varies in amplitude with changes in 
frequency; Fig. 2 shows that relationship. 
If only a narrow portion of the frequency 
range is used , as is the case with audio 
recording, you can ignore the amplitude 
variations . However, with video (where 
the highest frequency is about 200 times 
that of audio), the wide variation in ampli
tude produces a playback output (at the 
head) that is totally distorted compared to 
the recorded signal. An FM recording has 
no variation in amplitude (theoretically) 
and any amplitude variations that do oc-
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FIG. 2-PLOT OF FREQUENCY versus output 
voltage for a typical playback head. Note that 
over a wide frequency range, as is the case with 
a video recording, the variations in amplitude 
can cause unacceptable distortion. 

cur in either record or playback can be 
virtually eliminated by limiters and am
plifiers that are driven into saturation (just 
as they are in the audio portion of a TV 
set). 

For those reasons, the video signal is 
converted to an FM signal by an FM mod
ulator before recording on tape in a VCR. 
Upon playback, the FM signals coming 
from the video heads go to amplifiers and 
limiters where the amplitude variations 
are removed . Typically, the playback head 
signal is amplified so that the lowest out
put is beyond the amplitude limit (at sat
uration) of a limiter circuit, which then 
reduces all signals to the same amplitude 
level. Those constant-amplitude signals 
are then applied to an FM demodulator 
that converts the FM signal back into a 
replica of the original video signal. 

Rotating video heads 
Rotating video heads are used to in

crease the relative speed between the tape 
and head . If you are familiar with audio 
tape recording, you know that a slow tape 
speed is sufficient for recording con
versation, but music requires a faster 
speed (typically 19 em-per-second) for 
good sound quality. If you assume that the 
top frequency for recording music is 20 
kHz, that the top frequency limit for video 
signals is 4 MHz (200 times that of audio), 
and that a 19-cm-per-second tape speed is 
sufficient for good quality for audio , the 
required tape speed is 3800 em-per-sec
ond (19 X 200 = 3800) or 38 meters-per
second. This works out to about 2280 
meters-per-minute, and would require a 
video cassette the size of a truck tire (or 
very thin tape) for only one hour of play
ing time! 

Instead of running the tape at a high 
speed, the video heads are rotated to pro
duce a high relative speed between head 
and tape . Figure 3 shows how the heads 
and tape move in relation to each other. 
While the video heads rotate in a horizon
tal plane as shown in Fig 3-a (on a drum in 
Beta and on a cylinder in VHS), the tape 
passes the heads diagonally. That is 
known as a helical scan system, and pro
duces slant tracks or diagonal tracks for 
the video recording . 

Note that the audio head and control
track head (mounted one above the other 
on a stack as shown in Fig . 3-b) are sta
tionary, and are separate from the video 
heads, as is the erase head. That arrange
ment is typical for both Beta and VHS . 
However, because of different drum or 
cylinder size, the relative speed of the 
Beta system is typically 6.9 meters-per
second (27 3 . 2 inches -per-second), 
whereas the typical VHS relative speed is 
5.8 meters-per-second (228 inches-per
second), even though the actual tape 
speed is in the range of 2 em-per-second. 
Also note that the drum or cylinder (often 
referred to as the scanner) rotates at a 
speed of 1800 rpm for both Beta and 
VHS . 

VID EO HEAOSB-...:1111!...------ ..... 

ilt] t AUD IO AND 
ER ASE CONT RO L HEAD 

HEI G~'IE rACK AUDIO 

• G: i=;C HE)~ 
// : CONT ROL-

/ I TRACK 
// HEAD 

( AU DIO TRACK 1 

: ~(HORIZONTA L). i 
1 --.1 VI DEO TRACK 
..._____. (DIAG ONA L 

OR SLANT) 

CONTRO L TRACK 
(HOR IZON TAL) 

b 

FIG. 3- HOW VIDEO HEADS and tape move with 
relation to each other. 

Video signal recording sequence 
Figure 4 shows the typical sequence in 

recording and playback of the luminance 
(black-and-white) signal on a VCR . Dur
ing recording , the entire luminance signal 
(from sync tips to white peaks) is ampli
fied and converted to an FM signal that 
varies in frequency from about 3.5 to 4.8 
MHz (for Beta) or 3.4 to 4.4 MHz (for 
VHS). During playback, the FM signal is 
demodulated back to a replica of the origi
nal luminance signal. Note that this 
provides an FM luminance bandwidth on 
tape of about I. 3 MHz for Beta and I MHz 
for VHS . 

TV color information is transmitted on 
the 3.58-MHz chrominance subcarrier. 
Color at any point on the TV screen de
pends on the instantaneous amplitude and 
phase of the 3.58-MHz signal. InVCR's, 
the 3.58-MHz subcarrier is hetrodyned or 
down-converted to a frequency of 688 
kHz (Beta) or 629kHz (VHS), and is then 
recorded directly (AM , not FM) on tape . 
That system is known as color-under, be
cause the color signal frequency is always 
well below the luminance signal frequen
cy. 

Tracks, fields, frames 
As shown in Fig . 5-a, video heads A 

and B are positioned 180° apart on the 
drum or cylinder, which rotates at 30 rps . 
The tape is wrapped around the drum or 
cylinder and passes diagonally across the 
surface to produce the helical scan. Since 
there are two heads, each· head contacts 
the tape once each 1160 of a second, so 
each head completes one rotation in 1/30 
of a second, and one video track is record
ed on the tape during half a rotation (1/60 



1 
WHITE PEAKS 

~ 
TOTV -l.,nr 

SYNCTIPS~
(BLACK) 

TAPE 

FIG 4-THE SEQUENCE FOLLOWED in recording and playing back a luminance signal in a typical 
VCR. Note that the same heads are used for recording and playback. 

of a second). 
Since the tape is moving , after the first 

head has completed one track the second 
head records another track immediately 
behind the first. If head A records during 
the first 1160 second, head B records dur
ing the next 1160 second. The recording 
continues in an A, B, A, etc . pattern as 
shown in Fig 5-b . During playback, the 
same sequence occurs-the heads trace 
the tracks recorded on tape and pick up 
the signal , producing an FM signal that 
corresponds to the recorded video signal. 

Figure 6 shows the relationship be
tween the video tracks and TV signals . 
Since there are two heads, 60 diagonal 
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FIG. 5-THE RELATIONSHIP between the video 
heads and the video tracks recorded on a tape. 

tracks are recorded every second as shown 
in Fig. 6-a . One field of the TV video 
signal is recorded as one track on the tape , 
and two fields (adjacent tracks A and B) 
make up one frame as shown in Fig. 6-b. 
In both Beta and VHS, there is some 
overlap between the two tracks. For exam
ple , the video signal recorded by head A 
(just leaving the tape) is simultaneously 
applied to head B (just starting its track). 
During playback, this overlap is elimi
nated by electronic switching so that the 
output from the two heads appears as a 
continuous signal . 
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FIG. 6-HOW FIELDS, frames, and tracks are 
related. 

Zero guard band recording 
On studio-type VTR's , there is unre

corded vacant space between the video 
tracks . That blank area , or guard band, is 
necessary to eliminate crosstalk between 
tracks. Crosstalk occurs when the heads 
mistrack and play back a portion of two 
adjacent tracks . On consumer VCR's , 
there are no guard bands between the vid
eo tracks. Figure 7 shows a comparison of 
tapes with and without guard bands. Note 
that the tape without guard bands shown 
in Fig. 7-a (consumer VCR) contains 
much more information than the studio 
VTR tape shown in Fig. 7-b, and is often 
referred to as high-density recording tape . 
Although those high-density systems are 
called zero guard-band, there are guard 
bands that separate the audio and control 
tracks from the video tracks . 

Without special precautions, crosstalk 
can occur in zero guard-band systems. In 
both Beta and VHS , the problem of 
crosstalk is eliminated by two techniques: 
azimuth recording and phase inversion . 

Azimuth recording 
If you are familiar with audio-tape re

corders , you know that considerable high
frequency loss (known as azimuth loss) 
occurs when there is a difference in the 
angle of the head (in relation to the tape) 
between record and playback. One symp-

NO GUARD BANDS 
BETWEEN ADJACENT TRACKS 

b 

STUDIO 
VTR 
TAPE 

FIG. 7-THE DIFFERENCES between home VCR 
tape and studio VTR tape. Note that in the VCR 
tape there is no guard band between the tracks. 

tom of an audio recorder with any mis
alignment (known as azimuth error) is 
that the recorder plays back its own re
cordings without high-frequency signal 
loss, but produces considerable loss when 
playing back tapes made on other ma
chines (where the tapes are recorded with 
different azimuth adjustments). 

In VCR's, that azimuth-loss principle 
is used to eliminate high-frequency lumi
nance crosstalk. The two video heads are 
mounted so that one head is at a different 
angle from the other head, as shown in 
Fig. 8. In Beta, the angle for one head 
(arbitrarily called head A) is + 7o from 
the reference point, whereas head B has 
an azimuth angle of - 7° from the refer
ence , producing a difference of 14° be
tween the heads . VHS uses a ± 6° 
azimuth difference (resulting in a 12° dif
ference between head A and head B). Dur
ing playback, a strong signal is picked up 
only when head A traces track A. If head 
A runs over to track B, for any reason, the 
track B high-frequency signal is weak and 
does not produce interference or 
crosstalk. 

I I 
-7° (BETA) 1 I +7° (BETA) 
' - 6"(VHS)t.- -+I +6° (VHS) 

' I I / 
j', I I /'\ 

~)//1 
HEAD B -[TI/ ~EAD A 

I I 
I I 
00 oo 
~ 

IMAGINARY REFERENCE AXIS 
FOR OPTIMUM SIGNAL RESPONSE 

FIG. 8-TO ELIMINATE high-frequency lumi
nance crosstalk, the heads in a VCR are 
mounted so that they are at opposite angles to 
an imaginary reference axis. 
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Phase-inversion color recording 
In Beta, the color or chroma signal (at 

688 kHz) to be recorded on track A is 
phase-inverted by 180° with every line 
period, while the color signal recorded on 
track B remains continuously in the same 
phase (see Fig 9-a). The term "l ine 
period" refers to the period of time re
quired to produce one horizontal line on 
the TV screen, about 63.5 microseconds, 
and is referred to as "IH". Upon play
back, both track A and B signals are re
stored to the same phase relationship. 
That is done by passing the chroma signal 
through a comb filter using a IH delay line 
and a resistive matrix, as shown in Fig. 9-
b. Both the delayed (head B) and non
delayed (head A) signals are added to
gether in the resistive circuit, canceling 
the crosstalk component out, and doub
ling the normal color signal component 
amplitude . 

The phase-inversion system used in 
VHS is entirely different from that in 
Beta. In VHS, the phase of the color sig
nal being recorded on head A is advanced 
in phase in increments of 90° at each sue-

\ 
VIDEO HEAD 
MOTION 

\,. ..... ,....,.""' 
-( 

0.75H 

TAPE 
MOTION 

t::. = CHROMA SIGNAL OF CO NTINUOUS PHASE 
RECORDED BY HEAD B . 

.6. = CHROMA SIGNAL PHASE RECORDED BY 
HEAD A 

ADDITION IN RESISTIVE 
MATRIX 

OUTPUT 
CHROMA 
SIGNAL 
WITHOUT 
CROSSTALK 

FIG. 9---IN A BETA RECORDER, this phase-in
version system is also used to eliminate 
crosstalk. 

cessive horizontal line. At the end offour 
lines, the signal is back to the original 
phase. When head B is recording, the 
signal is shifted in phase (retarded) in the 
opposite direction (0°, 270°, 180°, 90°). 
That operation results in the pattern 
shown in Table I. 

With that sequence, recorded phase 
shifts for odd-number lines (1,3,5) are the 
same, but are opposite for even-number 
lines (2,4,6). Upon playback, the phase of 
the color signal is shifted on every other 
line and, when such a signal is passed 

LINE 2 3 4 5 6 
HEAD A oo goo 180° 270° oo goo 
HEAD B oo 270° 180° goo oo 270° 

through a lH delay line, the crosstalk 
component is canceled, and the normal 
color signal is doubled. 

Synchronizing the picture 
No matter how precisely the tracks are 

recorded, the picture can not be re
produced properly if these tracks are not 

-1 )-ERROR IN TIMING 
I I 
I I 

___lll_fi__fl_30 PG 
I 

_lUULCTL 

TV BROADCAST 
60-Hz VERTICAL 
SYNC PULSES 

movement. The heads are driven (by the 
same motor used to drive the tape cap
stan) so that the heads tum just a little 
faster than 1800 rps (30 Hz). The 60-Hz 
vertical sync pulses are applied to a 2: I 
divider circuit, producing 30-Hz control 
signals (often referred to as the ''CTL" 
signal). That CTL signal is recorded on 
tape by the separate stationary control 
track head (which is on the same stack as 
the audio head). 

A pulse signal (called the "30 PG" 
signal) is generated by detecting the actu
al rotational speed of the heads. The most 
common way to generate the 30 PG signal 

30-Hz CONTR OL SIGNALS 
(CTL) 

BELT 

b 

FIG. 1()-DURING RECORDING, the CTL and 30 PG signals (shown in a) are generated by the servo 
system (shown in b. Any difference between those signals is detected by a comparator, whose output 
is amplified and used to control the speed of the video-head scanner. 
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n n n cTL 
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CONTROL 
TRACK 

CONTROL (PREVIOUSLY 
HEAD RE CORDED) 

FIG. 11-THE OPERATION OF THE SERVO SYSTEM during playback is similar to that during recording. 
Here, however, the 30 PG signal is compared to a previously recorded CTL signal. 

accurately traced by the rotating heads 
during playback. In addition to a high 
degree of mechanical precision, both 
Beta and VHS systems use an automatic 
self-governing arrangement , generally 
known as the servo system. Figures 10 and 
II show the operation of a typical VCR 
servo system during record and playback. 

As shown in Fig. 10, the vertical-sync 
pulses of the TV broadcast are used to 
synchronize the rotating heads with tape 

·is to use a stationary pickup coil and a 
rotating magnet. The magnet is rotated 
together with the heads, and produces a 
pulse in the pickup coil each time the 
magnet passes the coil. The 30 PG signal 
is compared with the 30-Hz CTL signal, 
and any difference (or error signal) is am
plified. The output of the amplifier is used 
to control the current of a magnetic brake 
that controls speed of the rotating heads. 

continued on page 102 
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on it. You may get a few doors slammed in 
your face, but keep on. That technique 
worked years ago, and, given a chance, it 
still works today. 

It's also a good idea to visit the other 
TV shops in your neighborhood. Intro
duce yourself, and be sure to tell them 
you're not going to cut prices! If you're 
careful, you can find out what they're 
charging. Set your prices at about the 
same level. If they have been there for a 
while, they know what it takes. Above all, 
make friends with them; that can be handy 
as most shops swap parts at intervals. 

Credit 
There's one thing to watch out for

credit' In all areas, there will be a few 
deadbeats that have already exhausted 
their credit with the other TV shops. 
When a new shop opens up, they flock to it 
thinking you don't know them yet. Put up 
a big sign "Cash On Delivery Only" and 
then stick to it. No reasonable customer 
will object to that. Cash is always good to 
have. It pays your bills on time, which is a 
nice thing to do, and makes your suppliers 
like you a lot. 

Finally, thanks to a reader, Robert E. 
Taber, who's a Navy radio-man. He start
ed all this by asking for advice on the 
subject! Several others have also asked the 
same question, so we hope that this will 
help them out. Good luck and much suc
cess to all of you just starting. R-E 

VCR REPAIRS 

continued from page 68 

The current applied to the brake coil is 
increased if rotational speed exceeds 1800 
rpm, and vice versa, to maintain the scan
ner speed at precisely 1800 rpm. 

As shown in Fig. 11, the CTL control 
signal recorded on tape becomes the stan
dard reference signal during playback. 
The CTL signal is compared with the 30 
PG signal of the rotating heads, and any 
difference or error signal is amplified. 
Again, the amplifier output is used to con
trol operation of the brake (and thus con
trol speed of the rotating heads), so the 
heads trace the appropriate tracks, and 
playback is synchronized with record. 

The system shown in Figs. 10 and 11 is a 
form of drum servo. There is also a cap
stan servo used in many VCR's. Most of 
the advanced servo systems used in pres
ent-day VCR's not only control speed, but 
also control the phase relationship be
tween drum and capstan servos, produc
ing even more precise synchronization. 

Now that we have a basic understand
ing of how a VCR works, it is time to tum 
our attention to some more practical mat
ters, such as the tools and procedures used 
in servicing those devices. We'll start by 
taking a look at the tools you need next 
time when we continue this article. R-E 
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Compact stereo preamplifier demonstrating ILP's 
commitment to state-of-the·art pertormance at bargain 
prices! Simple-to-build kit features PRE-ASSEMBLED 
and TESTED module for complete assembly in a 
couple of hours, even with miminum previous 
experience. Features include inputs for magnetic 
cartridge, tuner, and tape with full monitor facilities: No 
tone controls ensure clearest possible pertormance: 
frequency response DC to 1OOkHz (to -3db), phono 
distortion 0.005%, signal-to-noise ratio 90db. The UC-
1 draws its power from any ILP power amplifier; in other 
applications it requires an unregulated DC power 
supply voltage between ± 15V and ± 30V at 20ma 
(optional, extra $27.90). 
The ILP UC·t is only one example of ILP's outstanding 
range of quality products including power amplifier kits, 
modules, and toroidal transformers. All carry a limited 
5·year warranty. Available direct and at selected 
dealers. Write for details. 

CALL TOLL-FREE TO ORDER 800-833-8400 
In New York call (716) 874,5510 

Mail orders accepted. VISA. Mastercard or checks. 
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1585 Kenmore Avenue Buffalo, New York 14217 
In Canada: Gladstone Electronics, Toronto 800-268-3640 
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REPAIRS AND
ADJUSTMENTS

THAT \7@Q1] CAN DO
JOHN D. LENK Repairing and aligning VCR's isn't easy, butit ispossible to do

some of the work yourself ifyou know how! In this article we 'll
tell you what repairs and adjustments you canmake using
standard test equipment.

Part 2 LAST MONTH, IN THE

first part of this arti
cle , we skimmed through the basics of
VCR's. We looked at VCR circuits and at
how a video signal is recorded . Now let us
drop the subject of circ uits, and get on to
more practical matters.

Keep in mind that about 95% of the
circuits we've descr ibed are contained in
a few special-purpose IC' s. (That applies
equally to video, audio and servo cir
cuits.) You can not get at the detailed
circuits for test or analysis. Likewise , if
there is a failure of even one circuit in an
IC, the entire IC must be replaced (as is
the case with most TV circuits). About the
only electronic components in a VCR that
can be replaced on an individual basis are
adjustment control s. We will talk about
those components and the related adjust
ments later on. But before that, let us
discuss the test equipme nt and too ls you
need for VCR service .

Test equipment and tools for VCR's
The test equipme nt used in VCR ser

vice is basically the same as that used in
TV and audio service . Most service pro
cedures are performed using meters, sig-

nal genera tors, color generators, oscillo
scopes, frequen cy co u nte rs, power
supplies, probes, and so on. However,
there are some problems to be considered
when selec ting test equipment for VCR
service.

The subjec t of tools , test j igs, and fix
tures for VCR service is an enti rely dif
fer ent matter. Gen era lly, each VCR
requires a special set of tools , available
from the VCR manufacturers in the form
of kits . Although there are some tools
found in all kits , such as tension gauges,
there are many spec ial-purpose tools for
most VCR's . Keep in mind that it is im
possible to perform a full set of manufac
turer-recomm ended test and adjustment
procedures without having all of those
special tools.

Let us consider the minimum requ ire
ment s for test equipment and tools that
you' ll need to work with VCR's.

Meters
Any meter suitable for TV and audio

work is probably suitable for VCR ser
vice. (However, most VCR serv ice litera
ture lists audio signals in term s of dB's
rather than volts, so a meter with a dB

scale would be useful and time-saving. )

Signal generators
As a minimum you should have a

sweep/marker generator as well as an ana
lyst and/or pattern generator for basic
VCR service .

Color generators
You can perform some of the adjust

ments required for VCR service with a
keyed rainbow generator, but you must
have an NTSC color generator to perform
all of the adjustments. As a minimum , the
NTSC genera tor should produce the stan
dard NTSC bar pattern (for display on the
TV screen) and a five-step linear staircase
pattern (for displ ay on an osci lloscope
being used to monitor various points in
VCR circuits).

Oscilloscopes.
As in the case of meters , any osci llo

scope suitable for TV and audio work will
be fine for VCR service . That means a
bandwidth of at least 10 MHz is best ,
although you probably could get by using
a scope with a bandwidth of as low as 5-6
MHz.
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A COLOR BAR PATTERN GENERATOR is useful , but an NTSC generator is preferred.

THOUGHTHE PHILIPS SCOPE shown here has a bandwidth of 50 MHz, you should do nice ly with a
scope with a 10·MHz bandwidth. • .

service on a full-scale basis, you should
consider a receiver/monitor such as used
in studio or industrial video work. Those
receiver/mon itors are essentially TV re
ceivers, but with video and audio inputs
and outputs brought out to some accessi
ble point (usually the front panel).

The output connections make it possi
ble to monitor broadcast video and audio
signals as they appear at the output of a
TV-recei ver IF sec tion (the so-ca lled
baseband signals, in the range 0 to. 4.5
MHz, at 1volt P-P for video , and 0 dB , or
0.775 volt, for audio). Those output sig
nals from the receiver/monitor can be in
jected into the VCR at some point in the
signal flow after the tuner IF section.

The input connections make it possible
to inject video and audio signals from the
VCR (before they are applied to the RF
output unit), and monitor the display. In
that way,you can check the baseband out
put of the VCR independently from the
RF unit.

If you do not want to go to the expense
of a monitor, you can use a standard TV
receiver to monito r the VCR . Of course,
with a TV receiver the VCR video signals

the period count must be divided into 1 to
find the frequency.

No matter what frequency counter you
select, check its accuracy at regular inter
vals. If it is not convenient to use WWV
signals for such checks, a simpler method
is to monitor the 3. 5S-MHz oscillator in a
color TV receiver. That osci llator is lock
ed in frequency to a color broadcast at a
frequency of 3.579545 MHz . The TV re
ceiver oscillator remains locked to that
frequency, even though the phase and
color hue may shift. Keep in mind that the
TV receiver should be operating properly
(with good color rendition), and that a 7
digit counter is needed to get the full fre
quency resolut ion .

Video monitor
If you are planning to go into VCR

Probes
Both the meters and oscilloscopes used

for VCR service should have a full set of
probes, including RF, demodulator, and
low-capacitance prob es . High- volt age
probes are not usually needed for any
VCR circuit.

A HANDHELD MULTIMETER like this one
should be fine for VCR servi cing.

Frequency counters
If you want to go through a full set of

VCR adjustments, you will need a fre
quency counter to check or adjust the vari
ous 3.5S-MHz oscillators in the color
record and playback circuits, and to mea
sure servo-system timing. Most frequen
cy counters have a sufficient frequency
range to measure the 3.5 S-MHz signals;
but many of the servo-system signals are
in the 30-Hz range , and low-cost counters
often do not go down that far, or are not
that accurate. Typically, low-cost counters
have an accuracy of about 100 Hz . (Ac
curacy is not to be confused with counter
resolution , which is set by the number of
digits in the readout.)

One way to overco me the accuracy
problem is to use the period function of
the counter. (Again, many inexpensive
counters do not have a period function.)
When period is measured on a counter, the
unknown input signal controls the counter
timing gate, and the timebase frequency is
counted and read out. For examp le, if the

(J) timebase frequency is I MHz , the indi
~ ca ted cou nt is in micro second s (a
o .count of 333 indicates that the gate has
g: been held open for 333 microseconds. In
~ effect, the timebase accuracy is divided
u:J . by the time period. For 30-Hz signals,
6 where the time period is approx imately
~ 1/30-second , an accuracy of 100 Hz is
a: increased to 3.3 Hz (100/30). Of course ,
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THIS FREQUENC Y COUNTER measures frequenci es up to 1 GHz. But more impor tant fo r VCR work, It
measu res sign als down to 10 Hz.

A VIDEO MONITOR, su ch as th is one from Sony, 15 extr emely use ful to have in almost any VCR-service
application.
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nals. If you intend servicing one type of
VCR extens ively an investment in the rec
ommended alignment tape would be well
worth it.

A typical use for the audio signals re
corded on the alignment tape is to check
overall operat ion of the servo-speed and
phase control systems. For example, if the
frequenc y of an audio playback is exactly
the same as recorded (or within a given
toleranc e), and remains so for the entire
audio portion of the tape (as checked on a
frequency counter), the servo contro l sys
tems (both speed and phase) must be
functioning normally. If there are any me
chanical variations, or variations in servo
control, that produce wow, flutter, j itter,
and so on, the audio playback varies from
the recorded frequency.

If you do not want to invest in a factory
alignment-tape, or if you do not want to
wear out an expensive factory tape for
routine adjustments (alignment tapes do
deterior ate with cont inued use), you can
make up your own alignment tape or
"work" tape using a blank casse tte. The
TV stations in most areas broadcast color
bars before or after regular programming.
(Use the VCR timer for convenience.)
Those color bars can be recorded using a
VCR known to be in good operating con
dition. Any stationary color pattern with
vertical lines (such as the white color bar
that extends down to the bottom of the
screen) is especially useful.

Lapping casse tte
A lapping cassette conta ins a non-mag

netic tape coated with an abrasive. The
idea is to load the lapping cassette and run
the abrasive tape throug h the normal tape

in mind that most VCR's are manufac
tured to Japanese metric standards , and
your tool s must match . For example, you
will need metric-sized Allen wrenches
and Phillips' screwdrivers with Japanese
metric point s. You will also need tools
and applicators to app ly solvents and lu
br icants (cleaner sticks for the video
heads, etc .).

Alignment tapes
Most VCR manufacturers provide an

alignment tape as part of their recom
men ded tools . An alignment tape is
housed within a standard casse tte and has
several very useful signals recorded at the
factory using precise test equipment and
signal sources. Althoug h there is no stan
dardization , a typica l alignment tape con
tai ns audio signal s (at low and hig h
frequenc ies, such as 333 Hz and 7 kHz),
an RF-sweep signal, a black-and-white
signal or pattern , and NTSC color-bar sig-

Hand tools
Except for those cases where special

too ls and fixtures are required , most
VCR's can be disassembled, adjusted ,
and reassemb led with common hand tools
such as wrenches and screwdrivers . Keep

are used to modul ate the VCR RF unit.
The output of the RF unit is then fed to the
receiver's antenna in put. Under those
condi tions, it is difficult to tell iffaults are
present in the VCR video or in the VCR
RF unit. Similarly, if you use an NTSC
generator for a video source, the genera
tor output is at an RF or IF frequency, not
at the baseband video frequencies .

If you use a TV receiver as a monitor,
adjust the vertica l height control to under
scan the picture so you can see the video
switch ing point in relation to the start of
vertical blanking.

Special tools and fixtures
VCR service literature usu ally de

scribe s a num ber of adj us tme nt pro
ced ure s in extensive de tai l. Those
procedures are useful in that they illustrate
the use of special too ls and fixtures avail
able from the manufacturer, often in kit
form. There are also other too ls and fix
tures used by the manufacturer for both
assembly and service of VCR's . Those
factory tools are not available for field
service (not even to factory service centers
in some cases). Tha t is the manufacturer' s
subtle way of tellin g serv ice techn icians
that they should not attempt any adjust
ments (electrical or mechan ical) not rec
ommended in the service literature .

The author strongly recommend s that
you take that subtle hint! He has heard
many horror stories from factory service
people concerning virtually ruined VCR's
brought in from the field. Most of those
problems are the resul t of tinkering with
mech anical adjustments (although there
are some technicians who can destroy a
VCR with a simple electrical adjustment).
One effective way to avoid any chance of
destroying a VCR is to use only recom 
mended factory too ls and perform only
recommended adjustment procedures
(i.e . when all else fails , follow instruc
tions!) .
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CATVCABLE

CATV CABLE

FIG.15-WITH THIS ARRANGEMENT it is possi
ble to record a cable channel while viewing a
VHF channe l.

channels 2 throu gh 13. Set the TV channel
selector to the output channel of the con
verter and set the VCR program select
switch to the TV position . For playback of
the program recorded on the VCR , set the
channel selector on the converter to that of
the VCR RF-modul ator channel selector.
When the CATV channel converter is not
needed , conne ct the CATV input to the
VCR , then connect the VCR and TV re
ceiver in the normal manne r.

When we continue, we' ll look at some
trouble shooting procedures for VCR ser
vicing. R-E

tion . With that connection , the chann el to
be viewed or to be record ed is selected on
the converter.

Figure IS shows another possible con
fi gu ration for connecting a VCR to
CATV. With that set up it is possible to
view one program from the converter,
while recording another program on VHF

FIG. 14-HOOKING UP YOUR VCR to a cable
system .

TV

VHFIN

mend ations for install ation . Also , before
operating the VCR with any cable TV
system, set the RF-modulator channel se
lector on the VCR to channel 3 or 4 ,
whichever is not active in the area . If both
channels are in use , check which gives
better result s .

Fig . 14 shows the most often recom
mended configuration for connecting a
VCR to a CATV system. With the set up
shown in that figure, it is possible to rec
ord programs from all CATV channels, as
well as VHF channel s 2 through 13. Set
the TV channel selector to that of the
VCR RF unit channel selector. Set the
VCR channe l selector to receive the out
put channel of the converter. Set the VCR
program select switch to the VCR posi-

Connecting a VCR to a CATV system
It is recommended that you consult

with the cable TV company before install
ing any VCR. Always follow their recom -

material should be oper ated at the user 's
own risk .

Copying a video tape
Figure 13 shows connections for mak

ing copies of video tapes. The process is
essentially the same as makin g a copy of
an audio tape . However, keep two point s
in mind. First , each time a copy is made ,
the quality of the copy is not as good as the
ori gin al. Second, you may be doin g
something illegal. Man y of the programs
broadcast by TV stations are protected by
copyright, and federal law imposes strict
pen alti es for copyrig ht infrin gem en t.
Some moti on picture companies have
taken the position that home recording for
non-commercial purposes is an infringe
ment of their copyrights. Until the cou rts
have ruled on the proper interpre tation of
the law as applied to home video record
ing, a VCR used to record copyrighted

Installing a VCR
On the off-chance that you may not

know how to install and connect a VCR,
let us review some basics . Fig . 12 shows
the conne ctions for a typical VCR and
applies to the great majority of VCR in
stallations . As shown, ifthe antenna cable
is 7S-ohm s, connec t it directly to the V HF

IN terminal; use an F-type connector. If
the cable is a 300-ohm ribbon type, con
nect the cable to a 300D-to-7SD adapter,
then connect the adapter to the V HF-IN

terminal .
Conne ct the V HF-OUT connector on the

VCR to the VHF antenna terminal on the
TV receiver with a 7S-ohm coax cable. If
the TV is equipped with 300-ohm antenna
termin als , use an adapter. Connect the
U HF-OUT terminals on the VCR to the
TV 's UHF-IN terminals with the 300-ohm
cable.

Where a combination VHF/UHF an
tenna is used , separate the VHF and UHF
signals using a signal separator, and con
nect the VHF and UHF lead-ins to VHF-I N

and UHF- IN, respectivel y.
One note of caution: Connect ions be

tween the VHF-OUT co nnector of a VCR
and the antenna terminals of a TV should
be made only as shown in Fig . 12, or as
spec ified in the operating instructions.
Failure to do so may result in operat ion
that violates FCC regulations regarding
the use and operation of RF devices. (You
may broadc ast TV programs to the entire
neighborhood!) Never connect the output
of the VCR to an antenna or make simul
taneous (parallel) antenna and VCR co n
nections at the antenna terminal of the
TV!

path (across the video heads, around tape
guides , etc .) for a few seconds. That
cleans the entire tape path (especiall y the
video heads) quite thoroughly. However,
prolonged use of a lapping tape can result
in damage (especially to the video heads).
Follow the manufacturer 's recommenda
tions. Never use any lapping cassette for
more than a few seco nds; there are other
ways to clean the heads and tape path .
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RE~ IRS A 0
AOJUSTME TS

THAT )7@(l1J CAN DO
JOHN D. LENK Repairing and aligning VCR's isn't easy; but it is possible to do

some of the work yourself if you know how! In this article we'll
tell you what repairs and adjustments you can make using
standard test equipment.

Part 3 IN T HIS MO NT H ' S ART I

cle we'll be looking at
some VCR symptoms, and their likely
causes. We 'll also look at the steps that
should be followed to be sure that your
VCR is properl y aligned .

Precautions when installing a VCR
In addition to all precautions described

in the service or operating literature for
the VCR , keep the following point s in
mind. Avoid placing the VCR in areas of
high temper ature or high hum idity. Ex
posure to those environme ntal factors can
harm the VCR and (espec ially) the cas
sette tape. The rear of the VCR should be
at least 4 inches from the wall to maintain
adequate heat dissipation . Make certain
that the TV fine-tuning has been properly
adjusted for either channel 3 or 4. The
VCR output is displ ayed on the selected
channel, but since that channe l is not or
din arily used the fine tunin g may not be
precisely adjusted. Play back a tape that
you know to be goo d , and adjust the TV
fine tuning to get the best picture. Also

make sure that the VCR fine tunin g is
properly adj usted.

If you have the job of demonstrati ng
use of the VC R to someo ne, go over the
operating instruction s of the instruction
manu al in borin g detail. Although opera
tion of a VC R is simple to those fami liar
with electronic equipment, it may not be
so to the general public, espec ially since a
VCR has many more capabilities, and
controls , than a TV. As a minimum , de
scr ibe how to do the following: watch the
TV, record a TV program, record one
program on the VCR while watching an
other on the TV set , use the automa tic
recording timer to record while away from
home, play back a recorded tape . If you
can not do any of those yourse lf, do not
attempt to serv ice that VCR until you have
studied the instruct ion s, please!

One point often co nfused by those fa
miliar with Beta or VHS, but not both, is
in loading and un loadin g the cassette .
With Beta , when the cassette compart
ment lid is closed, the tape is automat
icall y loaded . For VHS, tape loading

occur s after the lid is clo sed and the PLAY

button is pressed .
To remove a Beta casse tte , make sure

that the power is turned on, and that the
VCR is in the STOP mode. Press EJE CT,

remove the cassette, and close the lid .
When a Beta com partme nt lid is raised by
pressing the EJE CT button , the tape is au
tom aticall y unloaded, and the cassette
supply and take -up ree ls disengage from
the tape drive motors . (On some Beta
VCR 's , the EJ ECT button ca nno t be
pressed exce pt in the STOP mode . In other
Beta VC R's , the EJECT butto n can be
presse d, tbut does not actuate the circ uit
unless the VCR is in STOP .)

For VHS, when the STO P butt on is
pressed , the tape is unloaded . The cas
sette can then be removed by pressi ng the
EJE CT button to release the cassette hold
er.

Checkout procedures for a VCR
Before we get into the detailed serv ice

notes where we discuss spec ific problems
related to the major functional sections of
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a VCR, let us go over some simple, ob
vious steps to be performed before you
start any service (and long before you tear
into the VCR).

If the video playback or the TV picture
is bad, set the program select switch to
TV and check picture quality for each TV
channel (using the TV channel selector).
If the picture quality is still bad , check for
defective antenna connections (or a faulty
TV). Also check the TV fine tuning.

If the TV picture is good when the
program select switch is set to TV, but the
video playback is not good, set the pro
gram select switch to VCR, turn the TV to
the inactive channel (3 or 4), and check
reception on each channel by changing
the setting on the VCR channel selector.
If picture quality is bad, or there is no
picture on all channels, it is possible that
the TV fine tuning is not properly ad
justed. If the problem appears only on
certain channels, the VCR fine tuning is
suspect (as is the VCR tuner).

If picture quality is good when viewing
a TV broadcast through the VCR, try re
cording and playing back the program.

If noise is apparent (resulting in poor
picture quality on playback but not when
viewing through the VCR) it is possible
that the video heads are dirty (head gaps
are slightly clogged). If there is sound but
no picture, the video head gaps may be
badly clogged. If the playback picture is
unstable with a new TV set (never pre
viously used with the VCR), it is possible
that the TV's AFC circuits are not com
patible with the VCR. (We' ll discuss that
problem latter on.) If there is color beat
(rainbow-like stripes on the screen) the
problem may be interference rather than a
failure in the VCR or TV

Let's now go over specific symptoms
and possible causes for some basic VCR
troubles.

Record button cannot be pressed
Check that there is a cassette installed

and that the safety tab has not been re
moved from the cassette . If necessary,
cover the safety tab hole with tape. (The
safety tab engages a plunger rod or switch
when the cassette is inserted and the lid
closed. ) In most Beta systems, the REC

ORD button cannot be pressed unless the
rod is pushed down by the tape. In VHS,
the tab prevents a switch from closing.
Closing the switch disables the record op
eration. If you want to keep a recorded
program from being accidentally erased,
you break off the tab so that the plunger is
not pushed down, for Beta, or the switch
can close , for VHS, and the record func
tion is disabled. If you want to record on a
cassette with the tab removed, cover the
tab hole with vinyl tape .

No E-E picture.
If there is no E-E picture , check that the

VCR program select switch is in the cor-

rect position. Also check the fine tuning
on the TV (The term E-E, or Electric
to-Electric, can be explained as follows.
When the VCR is in the record mode, the
record output circuit is also connected to
the playback input circuit so that the video
signal to be recorded can be monitored on
the TV Since the magnetic components
(head, tape, etc.) have nothing to do with
that signal, and the signal is passed di
rectly from one electrical circuit to an
other, the function is called the E-E mode.
When the heads and tape are involved in
the normal record/playback cycle, the
term V-V,or Video-to-Video is sometimes
used.)

No color, or very poor color
If there is no color on playback, check

the fine tuning on the TV If the VCR fine
tuning is misadjusted during record, color
may appear while recording, but may not
appear during playback . Always check
the fine tuning of both the VCR and TV as
a first step when there are color problems.

Playback picture is unstable
If you have periodic problems of pic

ture instability, check the following: Has
the VCR been operated in an area having a
different AC line frequency? While re
cording, it is possible that a fringe-area
signal was weak (intermittently) so that
the video sync signal was not properly
recorded? During recording, could there
have been some interference or large fluc
tuations in the power supply voltage?
Could the casse tte tape be defec tive .
Could the tracking control be improperly
adjusted.

Both Beta and VHS machines have
some form of tracking control that adjusts
for minor variations between tapes re
corded on one machine and played back
on another machine. If the physical dis
tance between the control head and video
heads is different for the two machines,
th e pl ayb ack sig na ls are not sy n
chronized, even though the servo is lock
ed to the CTL signal. That condition can
be corrected by physically moving the
control/audio head stack in relation to the
scanner. (That is one of the recommended
service adjustment procedures for some
VCR's.) But it is more practical to use the
front panel tracking control, which shifts
the relationship of CTL signal to the video
tracks electrically.

Snow or noise during playback only
Check the tracking control!

Sound but no picture
Check for very dirty video heads. The

same holds true for excessive black-and
white snow.

Tape stops during rewind
If the VCR has a memory counter, is

the counter switch on'? If the memory

switch is on, the tape stops automatically
at 999 during rewind (on most VCR's).

Rewind and fast -forward problems
If the rewind and fast-forward buttons

can not be locked or operated , check to
see if the cassette tape is at either end of its
travel If the tape is at the beginning, re
wind does not function. Fast forward does
not function if the tape is at the end.

Cassette will not eject
Is the power on?

Feedback when using a microphone
Keep the microphone away from the

TV Turn down the TV volume.

Tape-speed-related problems
Those include such things as a noise

band in the playback picture and picture
instab ili ty wit h too high or too low
pitched sound.

In some VCR's, the tape is automat
ically locked to the correct speed by the
servo. However, many VCR's also require
some manual switching. For example,
certain Beta VCR's have a front-panel
switch to select between Beta II and Beta
III, as well as a rear panel switch for Beta
I.

Some VCR service suggestions
The following points summarize some

practical suggestions for servicing any
VCR.

Initi al setup
When a VCR is first connected to a TV,

it is likely that the unused channel (3 or 4)
of the TV is not properly fine tuned. When
finetuning the TV, operate the VCR in the
playback mode using a known good cas
sette, preferably with a color program. If
you try to fine tune the TV in the record or
E-E mode, both the VCR and TV tuners
are connected in the circuit, and the pic
ture is affected by either or both tuners.
With playback, the picture depends only
on the TV tuner. Once the normally un
used channel of the TV is fine tuned for
best picture, the VCR tuner can be fine
tuned as necessary.

Replacing a tuner
In many VCR's, the entire tuner is re

placed as a unit in the event of failure,
although some manufacturers supply re
placement parts for their tuners, and in
clude adjustment procedures for the tuner
in the service literature. As a point of
reference, a typical VCR tuner (including
the IF) produces I volt P-P of video into a
75-ohm load. Typically, the audio output
from the tuner is in the - 10- to - 20-dB
range.

Replacing an RF modulator
In most VCR's, the RF modulator must

be replaced as a package in the event of



failure. No adjus tments or parts replace
ment are possible. If you have proper au
dio and video input s (and power) to the
modul ator, but there is no output (or low
output), the modul ator is most likely de
fective. As a poi nt of reference , a typica l
RF mod ulator produces 1000 microvolts
into a 75··ohm load (or 2000 microvolts
into a 300-ohm load) on the selected
channel.

Black-and-white picture circuits
Although the black-and- white (or lu

minance) circuits of any VCR are very
complex, they are not the major cause of
trouble. Mechanical problems are on top
of the list , close ly followed by servo and
system co ntrol troubles. Also, although
many circ uits are involved , all of the cir
cuits are found in three or four Ie's. If all
e lse fails , you can replace the few Ie's,
one at a time, until the problem is solved .
(If on ly mechanica l problems were that
simple!)

The first step in servicing luminance
circuits is to play back a known good tape,
or an alignment tape. That will pinpoint
the problem to playback or record cir
cuit s, or both. Then run through the elec
trica l adjustments that apply to lum i
nance , or pic ture, using the manufac
ture r's proced ures.

If playback from a known good tape has
poor resolut ion (picture lacks sharpness)
look for an improperly adjusted noise can
ce ler circuit, and for bad response in the
video-head preamp s. When making the
manufacture r's adjus tments, study the
sta irstep or co lor-bar signals for any tran
sie nts at the leading edges of the white
bars.

If the playback has excess ive snow, try
adjusting the tracking co ntrol, since mis
trackin g can cause snow. Then try clean
ing the video heads before making any
extensive adjustments . (Cleaning the vid
eo heads clears up abo ut 50% of all noise
or snow problem s.) If neith er of those do
the trick, then try electrica l and mechan
ica l adjustme nts . Make mechanical ad
jus tme nts only as a last resort (eve n
thou gh snow and mistr ackin g can be
caused by mech anical problems).

If playback of a known good tape pro
duces smudges on the leading edge of the
white pam of a test pattern (from an align
men t tape) or a picture, the prob lem is
usually in the preamps , or in adjustments
that match the heads to the preamps. The
he ad /p reamp co mbina t io n is not re
producing the high end (5 MHz) of the
video signals. The adjustment procedures
usually show the head/preamp response
cha racteristics.

If you see a herri ngbo ne (bea t) patte rn
in the playback of a known good tape.
look for carrier leak. There is probably
some unbalance condition in the FM de
modul ators or limiter s, allowing the origi
na l carrier to pass through the demodul a-

tion process . If very excessive ca rrier
passes through the demodul ator, you may
get a negative picture . Recheck all carrier
lead adjustments.

Most adjustment procedures includ e a
check of the video output level (typically I
volt P-P). If the VCR produces the COITect
output level when playing back an align
ment tape . but not from a tape recorded on
the VCR . you proba bly have a problem in
the record circuit s . The record current
may be low (one symptom of low record
current is snow). or the white-cl ip adjust
ment may be off. Look for details of those
two adjustments in the manufacturer 's lit
erature.

Servicing color circuits
As in the case of black- and-white , the

color (or chrom a) circuits of a VCR are
very complex, but not necessarily diffi
cult to service (nor do they fail as fre
qu en tl y as th e mech anical see tio n).
Aga in, the first step in color-circuit ser
vice is to play back an alignment tape ,
followed by a check of all adjustments
pertaining to color. As in the black-and
white circuits , when performing adju st
ments, you are tracing the signal through
the color circuits. (At least that is the case
in most well-written VCR service litera
ture. )

There are two main points to remember
in regard to VCR co lor circuits. First ,
most color circuits are contained within
Ie's , possibly the same Ie's as the black
and-white circu its . Also, both circuits are
interr elated. If you find con'ect input s and
power to an IC , but an absent or abnormal
output, you must replace the Ie. A possi
ble excep tion in the co lor circuits are the
various filters and traps located outside
the rc.

Second , in most VCR's, the reference
signa l input to the color convert ers comes
from the same source for both playback
and record (from crys tal-controlled os
cillators). If you get good co lor on play
back, but not on record . the problem is
definitely in the record circuits . However,
if you get no color on playback of a known
good tape . the problem can be in the color
playback circuits or in the common refer
ence signal. A good place to start color
circuit signal traci ng is to check any com
mon source reference signals . Then check
the AFC signals. If any of those signa ls
are miss ing (or abnormal), the co lor will
be absen t or abnormal.

The follow ing describ es a few VCR
color circuit failure symptoms . together
with some possible causes.

If you get a "barber pole " effect, in
dicating a loss of co lor lock. the AFC
circuits are probably at fault. Check that
the AFC circ uit is receiv ing the horizon
tal-sync pulses. and that the AFC voltage
controlled osci llator (VCO) is nearly on
frequency. even without the correction cir
cuit. (Mos t electrical adjustments include

such a procedure .)
If the hue control of the TV must be

reset when playing back a tape that has
just been recorded , check the color sub
carrier frequency using a frequency coun
ter.

If you get bands of color several lines
wide on saturated colors (such as alternate
blue and magenta bands on the magenta
bar of a color-bar signal), check the auto
matic phase-control circuits, as well as
the 3 .58-MHz oscillator frequency.

If you get the herrin gbone (beat) pat
tern durin g a color playback, try turning
the color control of the TV down to pro
duce a black-and-white picture . If the her
ringbone is removed on black and white,
but reappears when the co lor control is
turned back up, look for leakage in both
the color and luminance circuits .

If you get flickering of the color durin g
playback, look for failure of the automatic
color-control system. It is also possible
that one video head is bad (or that the
preamp s are not balanced), but such con
dit ions show up as a problem in black
and-white operation.

If you have what appears to be very
severe colo r flicke r on a Beta VCR . you
may be losing co lor on every other field .
That can occur if the phase of signal is not
shifted 1800 at the horizontal-sync rate
when one head is making its pass. The
opposite head works norm ally. making
the picture appear at a 30-Hz rate .

If you lose co lor after a noti ceable
dropout, look for probl ems in the drop
out-comp ensation circuit. Mos t VC R's
have some form of dropout compensation
circuit to sense any dropout of recorded
signal. Those circ uits compensate for
dropout by using the preceding horizontal
line signal. It is possible that the phase
reversal circuits have locked up on the
wrong mode after a drop out. In that case ,
the co lor signals have the wrong phase
relation from line to line . and the comb
filter is canceling all co lor signals .

It's usually easy to spot total failures in
the servo system. If a servo motor fails to
operate, check that the power is applied to
the motor at the appropriate time . If power
is there, but the motor does not operate ,
the motor is at fault (burned out, open
windings, etc .). If the power is absent.
trace the power-suppl y line back to its
source . See if the system control circu its
(usua lly a microprocessor) are delivering
the necessary control signals.

The problem is not so easy to locate
when the servo fails to lock on either (or
both ) record and playback . If the control
signa l is not recorded (or is improperly
recorded) on the control track durin g rec
ord, the servo cannot lock properly during
playback. So your first step is to see if the
servo can play back a properly recorded
tape.

There are usually some obvious symp
toms when the servo is not lockin g prop-
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Servicing systems-control circuits
Each VCR has its own system-control

functions, and you must learn those func
tion s to properl y se rv ice any VCR.
However, all system-control circuits have
elements in common. In most VCR's,
microprocessors accept logic-level con
trol-signals from the VCR operating con
trols, and from various tape sensors. In
turn , the mic roprocessor sends control
signals to the various circuit s, as well as
drive signals to solenoids and motors. We
will concentrate on the stop control-fun c
tions here , since those stop (or failure)
functions are most likely to confuse those
not familiar with VCR's .

Figure 17 shows the basic circuits of a
VHS-system stop control. The VCR is
stopped when the STOP button is pressed ,
when the tape runs to either end (forward
and reverse), or when there is mechanical
trouble.

Both ends of a VHS tape are trans
parent. The tape passes between an end
sensor lamp and two end- sensor pho
totransistors. When the tape reaches ei
ther end (supply or take-up ), the light
passes through the transparent portion of
the tape onto one of the phototransistors.
Whe n eithe r pho to trans is to r rece ives
light, it applies a signal to the IC, which
stops and unloads the VCR. The VCR
also stops should the end-sensor lamp
fail. Without that feature, the tape could
break at either end . If the lamp burns out,
the cathode voltage of the Zener diode
increases, and the increase is applied to

quency counter is most probably not ob
jec tionable . The cause of wow and flutter
can be either electrical or mechanical in
origin .

30 Hz

CYLINDERTACH PULSE (30 Hzl

120Hz
CYLINDER
FREQUENCY GENERATOR
PULSES

CAPSTAN
PH ASE
CONTROL

30Hz

PLAY

RECORDVERTICAL
SYNC
FROM
TUNER

Wow and flutter
As is the case with audio recorders,

wow and flutter are almost always present
in all VCR's. To find out how much wow
and flutter are present, use the low-fre
quenc y tone recorded on the alignment
tape and a frequency counter connected to
the audio line at some convenient point.
Typically, the low-frequency tone is on
the order of 333 Hz, and an acceptable
tolerance is ± O.03%. You will probably
use the period mode of the frequency
counter to make that measurement. You
can also use the special wow-and-flutter
test equipment found in audio and hi-fi
shops, but it is not really necessary. Any
wow and flutter that does not show up
when using the alignment tape and fre-

, CAPSTAN FREQUENCY
i GENERATOR PULSES

L -· CONTROL T RAC i<-:-P::CU-:-L""SE=-=(3~0""'Hz--:)-~

FIG.16-BLOCK DIAGRAM of a VHS servo system. This diagram shows the location of all of the typical
servo control signals.

servo simply cannot lock up. The only
sure way to check that is to run through the
servo adjustments.

Interchange operation
When a VCR plays back its own record

ings with good quality, but the playback of
tapes recorded on other machines is poor,
the VCR is said to have interchange prob
lems. Such problems are almost always
located in the mechanical section of the
VCR (usually in the tape path) and are
often the result of improper adjustment.
The simplest way to make interchange
adjustment s is to monitor the RF output
from the video heads durin g playback and
adjust elements of the tape path to pro
duce a maximum , uniform RF output
from a factory alignment-tape. Generally,
the output is measured at a point after
head switching so that both heads are
monitored. But always follow the man
ufacturer's alignment procedures.

erly. Often there is a horizontal band of
noise that moves vertically through the
picture if the servo is out of sync during
playback. The picture may appear normal
at times, possibly leadin g you to think
that it is an interm ittent conditi on. With a
true out-of-sync condition, the noise band
appears regularly (even though moving)
and may cover the entire screen at times.

The symptoms for failure of the servo to
lock during record are about the same as
during playback , with one major dif
ference . During record , the head-switch
ing point (the point where head A is
switched off and head B switched on,
usually appearing as a break in the hori
zontal noise band) appears to move ver
tically through the picture in a random
fashion.

Anothe r way to check if the servo is
locking on either record or playback in
volves looking at some point in the rotat
ing scanner or video-head assembly under
fluorescent light. When the servo is lock
ed, the fluorescent light produces a blurr
ed pattern on the scanner that appears
almost stationary. When the servo is not
locked , the pattern appears to spin. Try
observ ing the scanner of a known-good
VCR under fluorescent light. Stop and
start the VCR in the record mode. Note
that the blurred pattern spins when the
scanner first starts , but settles down to
almost stationary when the servo locks.

Once you have studied the symptoms
and checked the servo playback with a
known good tape , you can use the results
to localize the trouble in the servo. For
example, if the servo remains locked dur
ing playback of a good tape , you can as
sume that the circuits between the control
head and servo motors are good.

Keep in mind that servo troubles may
be either mechanical or electrical, and
may be the result of either improper ad
justment or component failure (or both).
As a genera l guideline, if you suspect a
servo problem , start by making the elec
trical adjustments that apply to the servo.
That may cure the servo problem . If not ,
you will at least see if all of the servo
control signals are available. A block dia
gram of a servo-control system is shown
in Fig. 16. That diagram shows where in
the servo system the control signals are
found . If one or more of the signals are
missing or abnorm al , you have a good
starting point for servo troubleshooting.

If the VCR has rubber belts to drive
servo motors, the belts may stretch (or be
otherwise dam aged ) and ca use servo
problems. If you have replacement belts
available, compare the used VCR belts for
size. Hold a new and used belt on your
finger under no strain. If the used belt is
larger, or does not conform to the new
belt , install the new belt and recheck the
servo for proper locking.

Keep in mind that the servo adjust
ments may be so far from normal that the
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Most VCR 's have some form of tape
slack sensor. Slack tape can cause damage
(as can condensation , belt rupture , a sud
den stop of the reel motor, etc .). Tape
slack sensors can be checked by visual
inspection and by pressing on the switch
with your fingers to simulate slack tape. If
the tape-slack sensors include a micro
switch (as is the case with most Beta
VCR's), the sensor circuit can be disabled
by forcing something like a match against
the sensor to keep the switch from trigger
ing. (That is useful if you want to run the
VCR without a tape .)

FIG. 18-THIS REEL-MOTION sensor circu it is
used in Beta VCR's.

passes and simulations (covers on lamps,
tape on switches, etc .) are removed after
service !

Beta VCR 's have similar stop function s
(in the event of trouble) but the circuit s are
different. The two major difference s are in
the end-of-tape and reel sensors . Both
ends of Beta tape are covered with foil.
When the foil at the start of the tape ap
proaches a forward sensor coil (the coil of
an osc illator), the Q of the sensor coil
decreases, as does the oscillator output
(indicating that the tape is at the start
position) . The rewind sensor opera tes the
same way, except that the rewind-circuit
oscillator-signal output drops when the
foil at the end of the tape passes the os
cillator coil (placing the VCR in the stop
mode, and indicating that the tape must
be rewound). For Beta, the end-of-tape
foil can be simulated by placing a piece of
foil near the coil of either sensor.

The reel-sensor circuit of a Beta VCR
usually consists of a phototransistor and
an LED, arranged around the base of a
take-up reel as shown in Fig. 18. The
phototransistor receives light from the
LED; the light passes through the slots at
the bottom rim of the take-up reel base
while the reel is in motion . When the
take-up reel stops rotating , the light is
blocked off from the phototransistor.
When that happens, the sensor circuit
produces a signal that places the VCR in
its automatic-stop mode to prevent the
damage to the tape .

TAKE·UP
REEL

MAGNETS EMBEOOEO

~
I NTO R EE L

N S COUNTERPULLY
S N

'------"

causes the VCR to unload and stop. That
can be prevented by applying an override
signal to the OR gate . The rotation-de tec
tion signal is developed by diode detec
tors , a Hall-effect element, and magnets
(usually embedded into the reel counter
pully). When the reel is rotating, the mag
netic field also rotates, and causes the
Hall element to produce a current . That
current is rectified and doubled by the
detector to become the rotation-detection
signal. If rotation stops, the alternating
current stops, as does the detection sig
nal , and the IC removes power to the tape
drive motor, preventing damage to the
tape . The detector can be checke d by
holding the take-up reel. That causes the
take-up clutch to slip (to prevent damage)
but the detector senses that the reel is not
turning, and produces an automatic stop.

The cassette-holder trouble-detection
circuit detects if the cassette holder is in
the eject condition (by sensing a switch
that is operated by the holder). If the eject
button has been pushed , the VC R is
placed in the stop mode by the switch. To
disable the cassette-holder-trouble func
tion (that is often necessary to do during
service), locate the mechanism that actu
ates the switch and hold the mechanism in
place with cell ophane tape . In many
cases, it is possible to operate the VCR
through all its modes without a cassette
installed if the switch can be actuated
manually. Always check that all automat
ic-stop function s work, and that all by-

S54

t------ STOP

CASSETTE
/TAPE

+------:;.=;;:=;.+'\M--t----.,.-'--- +5V

+5V

ENO·SENSOR
... PHOTO7TRANSISTO RS

ROTATIONOETECTION SIGNAL

OEW

REEL
LOCK

VHS
STOP·
SYSTEM
IC

CASSETIEHOLOERt- +--<T'
TROUB LE 0--

OETECTION (SWITCHOPERATEO BY

ENO SENSOR CASSETTE HOLOER)
(SUPPLY)

ENO SENSOR
(TAKE.UP) t------------------------J

the stop-system IC through the OR gate.
The end-of-tape conditi on can be simu
lated by exposing the phototransistors to
light; that should result in an immediate
stop and unload. The end-of-tape function
can be disabled (for service) by covering
the phototransistor with opaque tape or a
cap. Do not remove the light source for the
end-of-tape sensor on a VHS machine!
That is sensed as a lamp-failure condition
by most VHS units .

When changes of temperature and hu
midity cause condensation of dew on the
surface of the video scanner, that is de
tected by the dew sensor; and the stop
mode is produced to prevent damage to
the tape and mechani sm . In Fig. 17, the
dew-sensor output is applied to the IC
through the OR gate . When relative hu
midity is less than about 80%, the resis
tance of the dew senso r is about 100
megohms . When humidi ty increases
above about 80% the resistance drops to
about 3 megohms , and the voltage at the
jun ction of the sensor and the resistor in
creases . That increase is applied to the IC
through the O R gate, and stops the VCR.

The reel-lock circuit detects when the
reel motor has stopped rotating, except
when the tape should not be running at the
normal speed (unloading, loading, pause ,
step slow, etc.). The NAND-gate output is
high when the reel disk is rotating, or
when operating mode signals are applied
to the OR gate. When reel rotation stops,
the NAND-gate output goes low,and the IC

FIG. 17-THESTOP SYSTEM used in a ty pical VHS recorder. Its functions inc lude sensing end-of-tape
and excess hum idity conditions.
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TABLE 1-SUGGESTED MAINTENANCE
Operation
Clean every 500 hours
Clean every 500 hours
Clean every 500 hours
Clean every 500 hours
Clean and lubricate every 2000 hours
Clean and lubricate every 2000 hours
Clean and lubricate every 1000 hours
Lubricate at 2000 hours, then every 1000 hours
Lubricate at 1000 hours, then clean and lubricate every 1000 hours
Clean every 1000 hours
Clean and lubricate every 1000 hours

VIOEO HEAD

AUDIO/CONTRO L
HEAO

CLEANERSTICK

cleaning the drum surface, be careful not
to touch the video heads with the cleaning
cloth . Rotate the video-head disk by hand

CLEAN HEAOS IN SAME
OIRECTION AS

TAPE PATH

FIG. 21-WHEN CLEANING the audio/control
and erase heads , move the cleaning stick hor i
zontally as shown.

Audio/contro l and erase-head
Moisten the cleane r stick with alcohol,

press the stick against each head surface ,
and clean the heads by moving the stick
horizont ally, as shown in Fig. 21.

Tape-path cleaning
Figure 22 shows the tape path for a

typical Beta VCR. Clean the drum surface
and each tape-guide surface with a soft
clo th mo istened with alcoho l. Whe n

CLEANHEADS IN SAME
DIRECTION AS

TAPE PATH

forth. Clean both heads (on opposite sides
of the drum) following the same pro
cedure . CAU TION: Do not move the
cleaner stick vertica lly while in contact
with the heads. Always clean the heads in
the same direct ion as the tape path . Clean
ing across the tape path can damage the
heads.

CLEANER
STICK

FIG. 20-CLEANING THE VIDEO HEADS. Be
sure to always clean in the same direction as the
tape path.

Component
Video Heads
Audio/Control Heads
Pinch Head
Erase Head
Supply Head
Take-up Reel
Fast-Forward Roller
Clutch Pully
Rewind Idler
Capstan Assem bly
Loading Gear

Video-head cleaning
Tum the power switch off, and pull out

the power cord. Rotate the video-head
disk by hand to a position conve nient for
cleaning the video heads, as shown in Fig.
20 . Moisten a cleaner stick with alcohol,
lightly press the buckskin port ion of the
stick against the head drum, and move the
head disk by turn ing the motor back and

Clean off any excess, or spilled, oil. In
the absence of a spec ific recommenda
tion, use a light machine oil, such as sew
ing-machine oil. Although there are spray
cans of head cleaner, most manufacturers
recommend alcohol and cleaning sticks or
wands for all cleaning . Methyl alcohol
does the best cleani ng job but can be a
health hazard . Isotropyl alcohol is usually
satisfactory for most clea ning .

Maintenance
We'll end this article by describing

some typica l maintenance procedures for
VCR's. Keep in mind that those pro
cedures do not necessar ily apply to your
spec ific VCR . When serv icing VCR's, be
sure that you follow the manufacturer's
instructions exactly . Also , the proced ures
here are on ly the high lights , and only
cover tho se areas common to mos t
VCR 's. All VCR 's have many special
purpose adjustments that apply to their
particular circuits . However, by studying
the examples here , you should be able to
relate the procedures to a similar set of
adjustment points on any VCR, and to
iden tify typical signals found in most
VCR's (even though the signals may ap
pear at different points in your particular
unit).

Cleaning and lubrication
Table I shows the recommended main

tenan ce in terva ls for mos t VC R's .
However, never lubricate or clean any part
not recommended by the manufacturer.
Most VCR's use sealed beari ngs that do
not require lubrication. A drop or two of
oil in the wrong places can cause damage!

value of R2. It is generally not necessary
to change all four values . Be sure to check
the stability of the TV's hor izontal sync
after changing any of the values in the
AFC circuit.

T
C2

1" 1"

TV AFC compatibility
If the AFC circ uits of a TV are not

compatible with a VCR , skewing may
result. In most VCR literature, the term
" skew" or " skewing" is used to indicate
that the upper part of the reprod uced pic
ture is being bent or distorted by incorrec t
back-tension on the tape (caused by im
proper mechanical adjustment). However,
you can get that same effect if the TV's
AFC circuits can not follow the VCR play
back output. That condition is very rare in
newer TV sets (desig ned for VCR's and
videodiscs), and appea rs only in about 1%
of older TV sets (and almost never when
the TV and VCR are made by the same
manufacturer). So do not go into the TV's
AFC unless you are absolutely certain that
there is a problem. First try the VCR with
a different TV, then try the TV with a
different VCR.

Once you are convinced that there is a
compatibility problem , the easiest cure is
to reduce the time constant of the integrat
ing circuit of the TV's AFC (see Fig. 19);
that 's done by chang ing the circuit values .

FIG. 19-COMPATIBILITY PROBLEMS can
sometimes be solved by making changes In the
TV AFC's Integrating circuit.

To reduce the time constant, reduce the
values of either or both capac itors CI and
C2, reduce the value of RI, or increase the

Video-camera sync
If you have trouble using a video cam

era (perhaps one not designed for the
VCR , po ssibl y an inexp en si ve sur
veillance camera) you may have an inter
lace problem. Most cameras designed for
use with VCR 's-even those from dif
fere nt manufacturers- are compatible
with any VCR . That's because such cam
eras have a 2:1 interlace . Some inexpen
sive cameras have a random-interlace ,
where the horizontal and vertical sync are
not locked together. The playback of a
recording made with a random interlace
camera usually has a strong beat pattern
(herringbone effec t). One way to confirm
a random-interlace condition is to watch
the playback while observing the last
horizontal line above the vertical -blank
ing bar. Operate the TV's vertical-hold
control as necessary to roll the picture so
that the blanking bar is visible . If the end
of the last horizontal line is stationary, the
camera has a 2: I interlace and should be
compatible . If the end of the last horizon
tal line is moving on a camera playback,
the camera is not providing the necessary
sync and probably has random interlace .
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FIG. 22- TAPE PATH for a Beta VCR. Note that the location of the screw adjustments mentioned in the
text are shown in b.

elim inate the slack.
5. Adj us t screw B (see Fig. 22-b) so

that the top edge of the tape does not hit
aga inst the guide at the side below the
screw.

6. Observe the waveform on the os
cillosco pe , and adjust screws A and B so
that the amplitude at A is equal to one-half
of the amplitude at B, as shown in Fig. 23 .
Note that A is measured at the video
head-switching point , and B is measured
at 40 % of the video-head-tracing span.
Check that slack does not develop along
screw A , screw B, or the lead section dur
ing those or any other adjustments.

7. Adj ust screw c so that the tape top
edge does not hit against the guide below.
Then adjust screw c and D to make the
waveform amplitude at C equal to one
half that at B, as shown in Fig . 24 . While
doing that adjustment. check that the
tape-bottom edge is steadily in contact
with the flange shoulder below screw D .

Also, use an inspectio n mirror to check
for slack along screws c, D and the lead
section. The type of mirror used by den
tists is very handy for checki ng tape slack
at inaccessible points. The proper adjust
ment of screw c will give you the op
timum waveform as descr ibed with no
slack .

8. Ideally, the center portion of the
video-head waveform should be flat after
all the adjustme nts are complete. For ac
ceptable performance , the minimum am
plitude should be no less than 60% of the
maximum amplitude at the center portion
of the waveform.

9. Switch th e scope from the video
head test point to the audio-o utput test
point.

10. Play back the alignment tape (au
dio portion) and monitor the audio-signal
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to move the head away from the spot to be
cleaned .

Tape-path adjustments
The tape path for most VCR's is crit ical

to proper operation'. For that reason, the
pos ition and height of the tape guides and
heads are precisely adjusted at the factory.
Since those comp onent s grea tly affect
normal tape running, never touch the
them unless necessary. First check opera
tion of the VCR using an alignment tape
and a known good monitor or TV. If the
playback is good , qu it while you are
ahead . If you have playback problems ,
then (and only then) make the following
adjustments (which are typical for VCR's
with a tape path similar to that shown in
Fig. 22).

1. Connect a good monitor or TV to
the VCR, and an oscilloscope to a test
point that monitors the video -color signal
output of the playback amplifier circuits.

2. Play back an alignment tape (vid
eo portion) and observe the waveform (en
velope) on the scope . Figures 23 and 24

VIDEO HEAD
SWITCHING
PO INTS

1_ VIDEOHEAD --J
A = 112B r---- TRACINGSPAN I

FIG. 23-ADJUST THE WAVEFORM so that the
amplitude at A is equal to one half that at B. Note
that only one period of the waveform is shown
here for simplicity.

show some typical envelopes.
3. Adj ust th e VC R tracking control

for the maximum waveform ampli tude on
the scope .

4. Observe the running sta te of the
tape around the back-tension lever (Fig.
22). If you see any slack at the top or
bottom edges, slightly bend the back-ten
sion lever (with the appropriate tool) to

~ VIDEOHEAD ~r---TRACINGSPAN -I C= 112B

FIG. 24-WHEN THE NEXT SET of adjustments
is completed, the ampl itude at C should be one
half that at B.

output waveform. Adjust screw E for max
imum amplitude .

11. Switch the scope back to the video
head test point. Set the tracking control at
the center position (at the click stop).

12. Adj ust screw F for maximum vid
eo- signal amplitude .

13. Turn th e tracking control to the
right and left , and make sure that the
waveform change s symmetrica lly.
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FIG. 25-THE SWITCHING PROCESSshown here produces a continuous output signal from the two
video heads.

RF SWITCHING PULSE
~ TRAILING EOGE

I
I VERTICAL·SYNCPULSE
I
I
I
I
I

2 MHz 5.1 HMz

FIG.28-THE RESPONSEOF a typical playback
preamp.

r-7H---1

switching adjustments: If head switching
occurs too soon, a narrow band of noise
may appear at the bottom of the picture on
the TV being used to monitor the VCR. If
the head-switching pulse is late , noise c n
be introduced during vertical sync, possi
bly resulting in vertical-sync problems.

Video-head resonance adjustments
Since the playback signal from the vid

eo heads is on the order of a few milli
volts, their output is amplified by one or
more preamps . The preamp circuits are
provided with contro ls that make it possi
ble to adjust video- head resonance and Q
to produce an overall flat response (or
some particular res po nse). Figure 28
shows the response of a typical preamp. It
was obtained by playing back the RF
sweep portion of an alignment tape . Typ
ically, you set the adjustments so that the
response is flat between about 2 and 5
MHz, and so that the signal levels on
channels I and 2 (heads A and B) are
equal. In some VCR's, you need to set the
controls to get a peak response at one
frequency.

Other adjustments
Although we have been through the

major adjustments found on all VCR's,
you will find many more adjustments in
VCR literature. We will not cover those
since they are unique to each mode l of
VCR, or are simi lar to adjustments in
other equipme nt. For examp le, all VCR 's
have power-supply adj ust ments where
you set the various outputs to given volt
age levels , and all VCR's have tuner/IF
adjustments that are usually quite similar
to those of a TV set. Both Beta and VHF

continued Oil page 96

FIG. 27-FOR A BETA VCR, most literature rec
ommends a7 horizontal-line difference between
the trailing edge of the SWitching pulse and the
front edge of the vert ical-sync pulse .

VERTICAL·SYNC
FRO NT PORCH

EQU ALIZING
PULSES

CHANNEL
TRIGGER
POSITION

CHAN NEL 2 BEFORESWITCHING

RFSWITCHINGPULSES

CHANNEL 1 BEFO RE SWITCHING

SWITCHING
PULSE

FIG. 26-VIDEO·HEAD-switching-point adjust
ments are made while observing the video out
put of a recorder. The output wavefo rm shown
here is for a VHS VCR.

I
I
I
I I I
1.-3.5H~3H~

I I I
+l I I

I I

I- 6.5H---j

I I
HEAO
SWITCHING
POINT

CH ANNEL 2 AFTER SWITCHING

CONTINUOUSOUTPUT SIGNAL

CH ANNEL 1 AFTERSWITCHING

pulses of a TV signal, please stay away
from my VCR!) Because it is difficu lt to
measure 6.5 H, you may want to measure
for about 220 microseconds between the
start of the scope triggering and the equal
izing pulses instead .

Most Beta serv ice literature recom
mends that the switching pulse occurs so
that there is a 7-H ( ± 0. 5 H) difference
between the edge of the switching pulse
and the front edge of the vertical-sync
signa l, as shown in Fig. 27 . Often, there
are two adjus tments (one for trailing and
one for leadin g edge of the switc hing
pulse).

No matter what is recomm ended by the
VCR service literature , keep the follow
ing in mind when you make the head-

OVER LAP

,/\

I I
I I I I I

[]---[ffi---{J]
I I I I I

cIrtrIrrtD

14. Check operation of the VCR by
recording and playing back a program. If
the playback is good , you have made all of
the adjustments correctly. Either that or
you have fantast ic luck!

Video-head-switching adjustments
Most VCR 's have some form of video

head-switching adjustments. Before we
get into some typical adjustments, let us
consider how the swi tching circui ts oper
ate. The playback signals from the video
heads are amplified and mixed to produce
a continuous noise-free signal as shown in
Fig. 25. Note that the overlap of the sig
nals from channel I (head A) and channel
2 (head B) at the heads is eliminated by
pulses that switch the channel I and 2
outputs so that channel I is off at the
instant channel 2 is on (and vice versa).
The switching pulses are called by various
name s (RF switching pulses, drum FF
pulses, etc .) and originate in the servo
system.

The video-head-switching adjustments
for Beta and VHS are essentia lly the
same, but with minor variations . In both
cases you connect a scope to the video
output of the VCR, and trigger the scope
with pulses from the servo . Then you in
sert an alignment tape , and play back a
color-bar signal. For VHS, the display is
something like that shown in Fig. 26 on
both channel s , except that the switching
pulse is inverted on one channel. (Gener
ally, it is necessary to set the scope's trig
ger slope to " +" for one channel, and to
" -" for the other channel.) With VHS,
you set the switching adjustment so that
he ad swi tc hing occurs 6 .5 hori zontal
lines (6. 5 H) before the start of the vertical
sync pulse , as shown in Fig . 26. (If you
don 't know the difference between the
vertic al-sync pul se and the equaliz ing

,
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VCR REPAIRS

units have servo, video, audio, and sys
tem-control adjustments that must be per
formed according to the manufacturer 's
recommendations. However, keep the fol
lowing point s in mind no matter what the
literature says:

If you get good performance on record
and playback, leave the VCR alone !

If you make the adjustments for the
three basic functions described here (tape
path , switching , and head resonance/Q)
with an alignment tape (using the video,
audio, and RF-sweep porti ons of 'the
tape), and get good performance after ad
justment , all of the other adjustments are
probably OK, and need not be made .

If you cannot get good response by
adjusting the three basic funct ions, you
have other problems (poss ibly terr ible
problems), and you must consult the man
ufacturer's literature , R-E

continued fro m page 66

built-in meter for voltage and another for
current , but that won' t make it perform
any better. You can build in more filtering
for the rectified voltage, but that' s seldom
needed , When additional filtering is nec
essary, you can just connect the parts to
the output side of the supply.

That's well and good, you say, but what
if you don 't have an old train transformer?
There are a couple of reasonable alterna
tives--one , of course , is a Variac . The
other substitute is a multi-secondary low
voltage tr an sformer (or several sma ll
transformers).

Take a look at Fig. 4-a, it shows a
transformer with three low-voltage sec
ondary-windings (there could be more).
Th e re , doubl e-p ol e doubl e -th row
(DPDT) switches are wired so that the
leads from two of the windings can be
reversed . By the setting of the switches,
you can make the individual windings add
or subtract their voltages from the total
output.

For example, suppo se you have three
secondary windings for 9 , 5 , and 2.5
volts , With the addition of those switches ,
you now have a choice of 16.5 , 11 ,5 , 6.5 ,
and 1.5 volts. If you addaSP3Tswitch, as
shown in Fig 4-b , you' ll have three more
choices: 4 , 7.5 , and 14 volts. Of course ,
the specific voltages available will depend
on the particular transforme rs used and
the way in which the switches are wired.
If you use the multipl e-winding approach
to build a variable power supply, we sug
gest that you put the transformers, rec
tifier, and filter in a box.

Well, that's it Glenn. Now, there 's no
reason why you and every other experi
menter can' t have a variable power supply
on your workbench. R-E
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The professional breadboard.
(For professional, hobbyist or student.)

Call toll-free fordetails'1·800·243·6077ouring bUSinesshours

GLOBAL SPECIALTIES
CORPORATION

70 Fulton Terr.. NewHaven. CT06509 1203) 624-3103.TWX 710-465-1227
OTHEROFFICES: San Francisco (415) 648-0611 , TWX910-372-7992, Europe: Phone Saftron-Walden0799-21682. TLX817477

Canada: Len Finkler Ltd..Downsview. Ontario

Global Specialties' PB-203A Proto-Boards'
The solderless breadboard
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ard for speed, versatility and
convenience. With a capa
city up to twenty-four 14-pin
DIPsand three regulated power
supplies (one fixed, two vari
able), PB-203A features a large
array of sockets and bus strips
that emulates standard PC layouts.
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Helping you design, assemble, test and
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