LIFT anND
TURN TO SET
FILM SPEED;

BATTEAY-COMPAATMENT

Figure 1 _
LATCH

o

o

]
z
<

béig.»

BATTERY

DIAPHRAGM SETTING RING
AT VAUTO” SETTING

FILM-SPEED

BATTERY.TEST BUTTON COUNTER DIAL

F ipuré 7

REWIND
;o KNGS
[LEET TG

THE AE-1 SALES SENSATION

Few new cameras have caused as
much of a sensation as has the Canon
AE-1, Complete shutter-speed-preferred

tal-logic memary -super-sophisticated in-
tegrated-circuit design. All this in a
camera that sslis for 2 surprisingly

. affordable price.

Canon's marketing department intro-
duced the AE-1 with fultscale pramo-
tion. Fortunately, the service deparument
kept pece. Canon first presented an ex-
cellent series of repair seminars for B4
warranty people. Yet the facwory
wanted to reach the independent repair
technicians as well. So Canon provided
the practice equipment for the 1877
National Camera Arey Workshops cover-
ing the AE-1 and its partners in auto-
mation, the Speediite 185A and the
Power Winder A,

To help us put together the Work.
shop program, Canon invited us 1o par-
ticipate in one of the warranty semina
This was the first seminar-type faco
session we've had the privilege to attend.
Ard we're grateful to Canon for thein
farmation they presentsd.



Yeat despie the handsnn programs,
we've received severat reguests for a
complete Traftsman articie on the AE:T,

* Trye, our policy has always been i

w0id duplicating technical information

in the Craftsman. That™s why we haven'™s

been domng articles on eguipment covered
in Workshops.,

S0 why the exception? Well, the
AE-1 has been enjoving & wildfice sales
record, And it puts into practice dur
series of articles on digital elecuonics
[eonclyded last issuel. For those who
would rather not read through o the
details, we suggest you get a copy of the
Canon AE-1 workbock, the Speediite
1554 workhook, and the Power Winder
& workbook, These workbooks, used as
training aids in the National Camera
Area Workshops, inclfude complete ex-
planations of the electronic ofieration
as well a5 all the adjustments. You can
also get Canon’s service and parts man-
ual on microtiche,

OPERATOR CONTROLS IN THE AE.Y

Canon designed the AE-1 to be error-
proof in operation-—-so automated that
the camera could make & professional
shotographer out of & tennis player [at
est, according 10 the TV ads). Yet de-
spite the many ingenious toncepts in
the AE-1, Canon says the main probilem
has heen operator arree, People think
the camera 5 malfunctioning when it
5L

Why this problem? For one thing,
many of the AE-1 controls are unique.
Also, the fullscale promotion may jead
peopie to believe they can’t make a mis-
take using the camera. So people shop
orices. discovering that farge distributors
and discount houses sel! the camera for
amazingly fow prices {under $300 in
soma placesi. The buyers gat bargains,
but they receive no personalized instrue-
tions on using the camara,

Whien an AE-T1 gwner thinks his came
ara is “jammed,” tirst check the battery.
The AE-1 depends br battery power for
just about everything—even the shutter
refease. So, without a4 battery, nothing
works, The compartment for the §volt
silver-oride baltery sits at the front of
the camera, Fig. 1. You can use a small
screwdriver 30 push in the battery-
compartment latch {the owner’s manual

3aY$ 10 use the insulator cover that goes

- ver the accessory shoe), Fig. 2.

' From the technician’s viewpoint, the
battery compartment has an ideal loca-
tion. You don't have 1o remove the bat-
tery to ke off the top and bottom
cover plates. So you can operate the

samers under jIs own power Tor tests
and agjusthnents,

Test the battery by pushing the
battery-test button a3t the top of the
camerz, Fig. 3. The needle visible
through the finder should swing 1 or
beiow the bamery.aest mark on the
focusing screen—the mark next 1o the
/5.5 calibration, Fig. 4.

Just 2 look ar the focusing-screen
calibrations in Fig. 4 tells you that the
camera provides automatic diaphragm
sontrol. You set the glectronically con-
trolled shutter speed you wani—the

camera sets the digphragm opening

automatically. Turn the diaphragm-set-
ting ring to the automatic position
fmarked with a grean "A” m the current
tenses, a green circle in the older lenses].
Pushing the relesse button part way
rurns on the exposure-contiol system.
And the needle moves to the $fstop

wii'Te going 1o get automatically,

Here, as in the EF, Canon shows s
ingenuity in designing an sutomstic
gamers 1o use the existing FO lenses.
However, a5 we mentioned in an sarlier
Craftsman article, Cangn introduced 3
new FD lens with the AE-1. The new
FD leng, shorter in overall length and 3
fot lighter in weight, atlows the AE-1 to
compete in the “smaltesy, lighwest full-
frame 35mm SLR” competition {2
title now held by Pentax), But the AE
will accept any of the oider FI lanses as
wel.

You van even use the FL series of
jenses with the AE-1, Since the FL
jenses aren’t equipped for full-apertuse
metering of automatic control, vou
must use stopped-down metering. First,
push in the stop-down lever on the front
of the camera, Fig. 8. The stop-dowa
tever latches in the stopped-dow posi-
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tion, Fig. 6, simultanesusly closing the
diaphiragm to the f/stop yvou've selecied.
You can now change your shutter spesd
or your diaphragm seriing until the
neadie centers on the battery-test mark,

However, vou Can’t use stopped-iown
metering with the FD jenses. Nor can
you push in the stop-down lever with
the diaphragm-setting ring at the auto-
matic position. An internal blocking
jever prevents you from pushing in the
stop-gown Jever far enough to latch.

So the AE.-1 doesn™t aitow a depth
of-field preview 8t the automatic setting.
And that's where one of the operator
problems comes in. if you want 1o see
the depth of field, you must first sefect
one of e manual f/stops on the dis
phragm-serting ting. Then, cock the

- shutter and push in the stop-down lever
| 10 close the diaphragm. Pushing in the

stop-down lever releases the auto-control
mechanism, And the diaphragm closes
1o whatever T/stap you've selected.

But, sinoe you've disengaged the auto.
cantrol mechanism, you can't simply
return to the automatic setting. I vou
do, vou'lli get the gmaflest aperture
~not an sutomatically controlied ex.
posure. Yoii must first ser the auto-
control smachanism,

The auto-control mechanism resets
automatically when you obck the
shutter. Yet the shutter’s already
cocked—you cocked the shutter 10 use
the depth-offield preview. So how can
you reset the auto-control mechanism?
Just turn the diaphragm-setting ring 1o
the largest f/stop, You can then go back
to the auto position and get fully auto-
matic disphragm control.

What it you forget and lsave the dia-
phragm-setting ring at & manual fstop
setting? Canon has an answer for that
one 100. As you start depressing the re-
jease butten at a manual F/stop wtting,
a red LED {ight-emitting diode) starts
flashing st the top of the disphragm
scate, Fig. 4. The LED iluminates the
fevter "M"” to warn that you're at 3
manual T/stop setting.

Notice in Fig. 4 that the smalier
f/stope are ¢ the 10 of the disphragm
scate. As the nescdle defiects, it moves
dows. And the lower the light fevel, the
fyrther the needla moves. If the AE-1
needile moves below the largest fistop
calibration of the tens you have instatied,
snother LED flashes on and off. This
LED, ar the bottom of the diaphragr
scale, Fig. 4, provides either an under-
exposure or an out-of-range indication.
Both the underexposire LED and the
manusl LED flash on and off four times
a second (4 He).



CHECKING THE DIAPHRAGM
OPENING

. Using the stop-down lever 25 a depth-
-fiakd proviow may be 3 little Sekward,
Jut the unique operation provides a
bonus to the technician—you can ton-
veniontly check the diaphragm % me
that you're getting the proper aperture
automaticslly.

The resson s that ths disphragm-
setting controls remuain at tha last aper-
turs programmed automaticatly—until
you recock the shutter. Differing from
most  shutter-speed-preferred  gystems,
the gatvanometer in the AE-1 plavs no
pert in actuslly setting the disphragm
opening. Hather, thegalvanometer serves
strictly a3 an indicator. So it's possible
for the needls 10 be indicating the pro-
down t0 a completely different Opening.
You hive adjustments in the camera for
hoth the needie rexding and the actual
disphragm clonsre.

To chack the diaphragm closure, turn
the diaphragm-setiing ring to the auto-
matic position. Then, cotk ths shutter
and look through the finder a5 you push
the release button part way. And note
the f/stop indicated by the needls, You
may have to change the shutter-speed
;mma 10 get 3 ussbrle T/stop indication.

Then, without moving your eya from

the finder, press the release bution the
rest of the way to relesse the shutter,
The diaphragm thould stop down suto-
matically to the same {/stop indicated
by the meter. But how do you know it
does? To find out, turm the diaphragm-
setting ring just off the sutomatic posi-
tipn~toward the manus! f/3top settings,
Fig. 7. You can then push in the stop-
down laver until it lstches.

Pushing in the stopdown lever dis
engages the auto-control machanizm and
allows the diaphragm 1o close. The dia-
plicagern: should now stop down to the
fast aperture programmed sutamaticaliy
~to the diaphragm setting you noted
while loaking through the finder.

fr'y still tough 1o look at the disr
phragm leaves and say, “That's a good
15,67 Yet you can find the exact dis-
phragm opening by watching the leaves
as you slowly tum the diaphragm-astting
ring toward the farger apertures, When
the disphragm feaves just start 1o open,
stop turning the disphragm-sstting ving.
The fistop you now sead on the dia-

}vhmmmm fing is the aperture
programmed automaticalty by the lens.
tising thiz test, vou cn check the
operation with nothing more than &
calibrated light source-you don't have
w actually maasure the light wans-

mission. Check first to we that the
needle indicates the proper t/stop for
the light canditions. Then, check to see
that the diaphragm actually stops down
to the indicated f/stop.

OTHER OPERATOR CONTROLS IN
THE AE-Y

Sume of the other pperator controls
are equally unique. The preview buttor
sits above the stop-down jover, Fig. 5.
Pushing in the preview button does the
same thing 33 does pushing the melesse

button part way—it turns on the ex-

posure-control system, moving the mater
needle w0 the appropriats (/stop
calibeations,

Why two controls that do the same
thing? Weil, you might want to change
the shurterspeed control w0 get the
automatically programmed digphragm
opening you want. And it's pretty tough
1o turn the shutterspesd conto! while
you're holding the relesse button pae
tially depressed. So inttead, yOu can
hold in the praview button whils you
trn the shutter-speed control. Also,
the preview button dlows you to pre-
view the sperture without the danger
of accidentaily releasing the shutter,
view button, Fig. §, pravides an inten-

tional overexposure. Hold the relesss

button pertisily deprassed and push in
the backlight button—the nesdls shouid

" move down (toward the larger f/stops)

an additionat 1 1/2 t/stops. To get the
intentionat overexposurs automaticsily,
you must hold the backlight button de-
pressed a5 you release the shutter,

Even the mif timer in the AE-1
features electronic controt. To use the
seif timer, push forward the seif-timer
tever, Fig. 8 (pushing the self-timer lover
in the other direction focks the releise
button). When you then push the relesse
buttan, the seif timer electronically de~
lays the refeass of the mircor for 10
seconds.

Since the self timer works slectron-
icalty, there's no Taeniliar buzzing during
the delay. So you have yet anothwr
flashing LED. Moving the seif-timer lever
forward uncovers the seff-timer LED,
Fig. 8. The LED fiashes on and off
twice & second during the detay. it you
want 10 know exactly when the shutter’s
going 1o release, you ¢in simply coust
the LED flasher. After 20 flashes, the
mirrar should release. o

it vou change your mind about using
the self-timer faature—or if you forget
and leave the seif-timer lever in the for-
ward position—you can cancel the

L/

function. The battery-test button alisc
serves a& & cancel button. Pushing the
battery-test button energizes the bat-
tary-est circuit and simultaneously
deprives the other circuits of power.

Suppose that the seif timer is now at
work, delaying the release of the open-
ing curtain, I you then pugh the battery-
test button, everything $tops. You can
push the elease blutton again and the
saif timer will start timing from scratch,
Or, you can return the seif-timer lever
to i#s narmal position. Pushing the
felease button then releases the shutter
without the setf-timer deiay.

HOT-SHOE CONTALTS

Like so many Canon SLR's, the AE-1
has thres contacts in the hot shoe. The
1arg6 CONLACT in the center peovides the
X-syne contact. You alsa get X synt at
the fisshcord terminal, Fig. 8—there’s
no M or FP sync.

Those other two contacts in the hot
shoe, Fig. 7, provide automatic flash
control. But the action here is completely
different from that in Canon SLR'c using
CATS (Canon Auto Tuning Systam}
sutomation.

Canon’s new Speediite 15BA, intro-
ducad with the AE-1, provides series-
thyristor flath control. Inn this respect,
there's little ditference betwesn the
185A and other series-thyristor flagh
units. The Speadiite 155A gives vou 3
choice between two differam /5%0ps.
Just sst the filmespeed dial according 10
yvour film spaed. You can then use the
fistop shown by the calculstor’s red
indicator or the f/siop shown by the
calcuistor's green indicator. A selector
switch at the back of the fiash unit
allgws you to set either the grean f/stop
or e red t/stop, providing vou with
some depan-of-field control.

Using the Speedlite 165A with any
other camera, you [ust set the dia-
phragit 1o the f/stop indicatad on the
eafculator. And the fash unit s
itseif off according to ths flash-to-
subject distance. Nothing to it. Yet the
aperstion bacomes even easier with the
AE1.

Here, vou just lesve the disphragm-
setting ring at the auvtomatic position.
And the flash unit sutommtically sets
the diaphragm opesting. if you've set the
flash unit to the red setting—snd if the
rad indicator calls for 3 diaphragm open-
ing of, for example, f/2.8-the tamers
programs an sperture of $/28. If you
then sefect the green setting for a
sengfter #/stop, the camera progeams the
aperture shown by the green indicator—



ki prampe, 5.6,

The flath unit sends the aperiure -
tormation through the AVY EF {aper
turé  valuefetectronic fashi  hotshoe
contacl, Fig, 7 But iF the flath unit
hasn™t redyided and the reatty (amp isn't
o, ihems ng signal applied. And the
camera progams the aperiure acGovd-
g o thie ava%labia'bght congitions.

i the camera’s metar dogsn't ingicate
the proper Jeerture—Tths APeriure sHown
on  the calculator-the problem s
orchably with the flash unit, not wath
the camera. The National Camers work-
book or. e Speediite 1954 describes
thie tests and adiustmants, ,

So. with the Speediite 188A. o'
nearly :mmxbie to make 3 mistake in
setiing the aperture. Yet there's another
mistake people frequently make when

using electronic flash with 2 focal-piane
shutter—they ot (oo fast a shutter
speed. Canon's amazing Speediite gven
sakes care of that. Once the ready lamp
turts on, the Soeediite 1854 auto-
matically programs 3 shutter speed of
1/80 second, the mten full-apermure
speed, regardless of the speed-Knob
setting lexcept “butb’}. it sends the
shutter-speed m{ormstwv through the
second hot-shoe contact, the CCC con-
racy, Fig. 7. And if the ready lamp isn't
on? Then, vou get whatever shufter
speed you've sefected on the speed knab.

COUPLING TO THE LENS
Remove the lens by turning the fens:

tocking ring in & eoun;crciaékwis&
diredtion {as seen fram the front sithe

Figure 10
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cameral. You can then see the coupling
controls Debween the camarg and the
tens, Fig. 8. At Yirst glance, the linkages
took typically Caron, But the AE-1 con-
rols that linkage n 3 wvery unigque
mannen

The diaphragm-serting lavar controly.
the diaphragm closare, With the leas i
stalled, the tab or the diaphragm-control
ring, Fig, 10, sits on top of the dua.
phragm-setting lever. 50, 3s the dia
phragm cioses, the spring-joaded dia-
phragm pulis the dtaphragmasenmg tever
soward the bottom of The camers,

in the Canon EF, the ﬂswhtagm
serting lever couples 1o trap-needie
linkaga. When a stepped cam engages
the exposum meter  needie, the dia-
ph#agmasamng igver Iatches in position.
That's what prevésts the disphragm
fom closing beyond the proper /5100,
But, as we mentioned eariier. the AE:1
meter has nothing to 80 with setting
the sperture. '

jestead, the diaphragm-setting laver
iy the AE-1 controis a sensing méchen-
ism—a variable vesistor which detects
the actual position of the disphragm.
legves, As the leaves close, The resistance
of the diaphragim-sensing msmar e
creases. This resistarnce value tells the
auto-control system when t?udzaphfagm
has reached the proper T/5t0p.

The diaphragmesetting fever  can
move down av Jong 45 an electromagner
romains energized. The #rergized dia
phragm-contesl -electromagnet holds its
armature out of engagement with a
ratchet gear. But a3 soon as the dia
phragm.sensing resistor regches the right
value, the sensing circuit de-energizes

" the diaphragm-control electrmnmat.

The electromagnet then roleases it
armature. And the sreature 1atches the
diaphragm-satiing lgver.

On a manusily s81 f/stop, the dia
phragm-contral slectromagnet remains
enargized yntil the diaphragm redches
the fmop you've selected. And now,
with the lens ramoved, 1he camera Thinks.
you‘ve. set & manual $/stop. So you can
quickly check the action of the dia
phragm-setting laver,

Say, for exampis, you get the com-

“plaint that the disphragm isn't Stopping
down—it always remains at the Targest

‘opening. That means the diaphrsgm-

control electromagnet de-snergizes im-
mediately -the armature locks the dis-
phragm as 300n &8s tha mircor relesses.
O¢, vou could hm a mechanical mat
funetion.



Try using vour tweezers or 8 small
strewdriver 1o pul downward préssiure
on the gisphragm-serting iever, Fig. 11.
You're now simutating the action of the
sprng-londed diapbreger. Then, release
the shutter. The disgphragm-seiting leves
should move dowry irw!vq

At the gnd of the exposure, the dig-
phragmastting  lever  should reman
tarched in the down position, Fig. 12. 1
should retutn 1o the up position when
you ook the shumer. That's why the
camera mmginsj at the last aperture
programmed automatically, 2 test we

 Figure 11
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described sartier,

Siowly cocking the shutter sllows
you 10 examine the overttavel of the
diaphragm-senting lever. At the éng of
the cocking stroke, the diaptragm:
watting lever should move up slightly

and then down slightly. This pvarfryvel

sssures that the diaphragm-conirol sys-
1em iarches properly.

Arpther finkage system in the lens
mount compensates for the maximum
smrtur! ui the lens, As with other Carwﬂ
SLA', the full-open-maetering post on
the hacic of the FD lens supplies the

‘maximum-aperture information, Fig. 10

The larger the maximum aperturg, the
tonger this post. 7
When you install the lens, the il

‘Mmexgrmg POST COMEs. agamst the
_paaximum-aperture. correction pin, Fig.

12. In the Cinon EF, pushing in the:
maXinum-aperture Cortection pin moves
the finder's diaphragm scale, But that's.
not the case with the AE.1-the dia-
phragm scale never moves. Instesd, the
maximurn-apertire Comection pin i the

AE-1 controls a pair of variatie resistors

o the side of the mirror cage. One ot
the variable resistors provides informa..

Yiof 1o both the aperturecomrsl and

resdout systems. The other pmvxim
informetion to the readout {meter)

only.

Despite the uriique aperation, the
MaXimurT-sperture cotrection pin has a
typical Canon sdjustment. The outer
cylinder of the maximum-aperiure tor-
rection Din threads onto 3 shahi-the

‘other end m‘ zhe threaded shalt comes
-against 3 wiper lever that contrals the:

vanabie mstmma

So you can adjust the dzmm be-
ween the front surface. of the rraxi-
MUM-aperture correction pin and the:
front sutfaee of the lens-mounding fing.

: Camm specaﬁei tha:; th;s d:swnoa ﬁamﬁdv

the dmam ftm imn tm imlc screw
ity the oenter of the maximum-aperiure
coreagtion pin. Then, use 3 screwdrives
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10 mgrn the maximurs-aperture correc-
Tion pxn clockwise—that soraws the guter
__evlinder further onto the threaded shatt,
- To decrezse the distance, tura the
J2XIMUM-SDErtiuré COTECtion pin coun-
terclockwise. And tighten the lock
screw W hold the adjustment. The
tough part of the whole bit is measur-
ing the distance between the fens
mounting rng and the maxmuse
aperture correction pin, That's because
e sprirg-loaded maximum-aperture
LOrredtion pin moves down when you
Fpply any pressure.

The E-M change pin [electronic-
manuall at the other side of 1he lens
maunt senses the position of the dia-
pheagm-setting ring—whether you're at a
manial fistop setting or at the suro-
matic position, When you turmn the
diaphragm-setting ring to the automatic
position, the suto en at the back of thwe
lens moves out [toward ths camera).
That depresses the E-M change pin. And
daepressing the E-M change pin opens a
swatch at the bottom of the mirror cage.

There's oneé more lever visible
through the lens opening—the dia-
phragm-closing lever, Fig. 12, The
diaphragm-closing lever swings trom right
ta left as the mirror moves o the taking
osition, S0 the diaphragm-closing lever
drives the fens’ diaphragny-opening ring
in 3 counterclockwise direction, Fig. 10.
And the diaphrsgm-opening cing moves
away from the spring-ioaded diaphragm-
comrol ring, allowing the diaphragm
lesves 1o close,

There's o differancs betwean this
opesation in the AE-1 aad that in other
Canon SLR". Yet it's one thing that's
easy to overlook as a probiem area. With
ali the electronic sophistication in the
AE-1, it’s natural 10 start your trouble-
shooting n the slectronic circuitry.

But if the diaphragm isn't dosing,
check the action of the diaphragm-
closing lever. You oould simply have a
mechanical malfonction, And s best
to took for the simple things first, Make

sure the camerg functions mechanically
pafore you stan troubleshooting and
adjusting electronic systems,

TESTS AND CONTROLS AT THE
BOTTOM OF THE AE-Y

&long with the Speedlite 1664, Can-
on introduced another sophisticated
accessory for the AE-1—the Power
Winder A, Unscrewing the coinslotted
cover gisc ¢ the bortom of the camers
reveals the wind coupler, Fig. 13. The
Power Winder A engages this coupler to
automsticalfy advance the film and rock
the shutter,

But the controls that tell the Power
Winder A to g0 inlo action are inside
the camera. Notice N power-
winder contacts at i other end of the
bottom plate, Fig,/13. The contact closer
1o the back of the camera connectys o
ground. The other cOntaet LONNKY 10
ground only when the shutter is in the
released position.

The shutter’s closing curtsin conwols
the switching action, With the shutrer
veleased, an internal switch connects the
front motordrive contact 10 Ground.
Consequently, the twe bottom-plite
contacts act as a closed switch. And the
closed switch tells the Powaer Winder to
advance the curtsing and cock the
shuttar,

When the closing curtain reaches the
cocked position, it disconnects the
power-winder switching contact from
ground. That stz off the Power Winder,
The Power Winder remains off untif you
release the shutter, Then, the clasing
curtain cromes the aperture and once
again connects the switching contact
1w ground.

All this may sound like typical
motor-drive  action. Yet, mnce the
camera contains the release and switch
controls, Canon could make the Power
Winder A exceptionally light and com-
pact. The Power Winder contains littie

more than a master ondofl switch,
gdrive motor, and a timing circuit whicl
shuts off the motor after one second
The timing circuit brings things to 3 hat
whaen you reach the end of the film rofl-
a red LED on the side of the Powe
‘Winder then glows,

There's anly one precaution in re
moving the camera’s bottom plate==th
black bushing for the Power Windar”
ipcating pin may be loose, Fig. 13
Normally, though, g dab of cemen
hoids the bushing to the bottom plate.

Hemove the two screws visible in Fig
13 and Hitt off the bottom plate. You

 ean now reach quite a bit of the contre

circwit, Noties in Fig. 14 that you'w
uncovered two of the camera’s thre
slpctromagnets, As yet, you stili can’
see the slactromagnet which control
the diaphragm opening~the diaphragm
cortrol electromagnet Mgl mounts 1<
the bortom of the mirror cage.

The two electromagnets at the bot
tam of the camers control the shunw
release and the closing curtain, Mg3,
cloting-curtain slectromagnat, sits 3t th
wind-lever end of the camera, Fig. 14
And the mirrar-relesse magnet, Mg2
connects 10 the tlexible circuit board a
the rewind snd of the camera. You car
just see the end of the flex cireunt it
Fig. T4—the complote board extends «
the top of the camera and houses mos
of the slectronic components.

When you cock the shutter, th
charge cam pushes the charge lsver fron
lafy to right, Fig. 15, The end of th
charge tever then pushes the Mg2 arma
ture against the magnet's core, As yet
there's no currant being drawn fram th
battery. Yet the Mg2 armature remain:
against the core when the charge leva
rewrns, Fig. 16,

- That's becsuse the two cores of Mgl
are permanent magnets. So the core:
hold the armature magnetically withou
drawing battery current, When you push
the relasse bution all the way dawn, |
capacitor discharges through the coil:

S CLOSDCUNTAIR GAM
BDuring cocking cycle

Shutter cocked




wound around the MgZ cores, That
sutge of current temporarily disables the
permanent magnets. As 2 resull, the
mpring-loaded armature shoott toward
tha front of the camera and relsases the
mirrar,

Sincs Mg2 combines 3 permansnt
magnet with an electromagnet, i's 3
“sombination magnet.” And that's just
one of the unique hattery-conservition
technigues used in the AE-1, With other
sarmeras using an electromagnetic release,
the current surge normally energizes a
standard electromagnet, The electromag-
fiet must then pult its armature against
the core. So using a standard efectros
magnet requires guite a bit of currant,

Even the Mg3 closing-curtain electro-
magnet has 2 battery-conserving gircuit.
Mg3, Fig. 17, draws no current until the
capacitor discharges through the coll of
MigZ. A sensing circuit detects this cur.
reyt surge. And it simultanecusty ener-
gizes Mig3,

Until that cureent surge, amechamca%
controt holds the Mg 3 armature against
the magnet's core. During the cocking
eyede, the charge lever tensions the
mirror. The mirror-tensioning lever on
the side of the mirror cage than comes
against the Mg3 armature {you cin just
see the snd of the mirrortensioning
tever in Fig. 17}, In the shutter-cocked
position, the mirror-tensioning lever
vemains latched. So it continues to hold
the Mg3 armature,

Notice the guide sren on the charge
fever, Fig. 15=the guide arm comes
against an uptumed tab on the Mgd
armature #s you cotk the shutter. So
the guide arm prevents the Mg3 armature
fram tpuching the Hosing-curisin cam
during the cocking cycie.

The closingcurtain cam _attaches %o
the bottom of the closing-curtain wind.
ing roller. With the shutter cocked, Fig.
17. the Mg3 armature is in position to
engage the latching surface of the closing
curtain cam. As the mirror rises, the
mirror-tensioning  lever moved  away
from the Mg3 armature. But the Mg3
armature remains against the magnet’s
core—the energized afectromagnet now
hoids the armature magnetically,

Consequently, the Mg3 armature
fatches the closinggurtain cam, The
mirrot releases the opening curtain. Yet
the shutter remains open as long as the
circuit supplies current to the Mg3 coil.
In effect, the 1\&93 armature ;ust replaces

closing curtain. The speed selector con-

nects a certsin resistance value in series
with a timing capacitoe—in this respect,
conventional circuitry for an electroni-
cally controlied shutter. When the tim-
ing capacitpr {under the top cover)
reaches 3 cartain voltage, a sensing cir
cuit shuts off the cument flowing
through Mg3. Mp3 then releases its
armature to disengage the closing
curtain cam. And the closing curtain
crosses the aperture to end the axposure.

There should be a sight overtravel
hetween the latching surface of the Mg3
armature and the latching surfece of the
closingcurtain cam, Fig. 17. Canon
specifies a 0.05 10 0.15mm space 93p.
To make the overtravel adjustment, you
must first foosan the two alienhead set-
screws on the side of the closing-curtain
¢cam. These satscvews hold the closing
curtain cam to the closing-curtain wind-
ing roller,

RAED WIRE FROM

SATTERY COMPARTMENT

wi3 Re0 WIRE
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Afer lposening the seucrews, you
can rotate the closing-curtain cam. But
those setscrews are tough to reach. For-
tunately, you'ti probably never have 1o
make the overtravel adjustment, An
exception may arise if you're replating
shutter parts. Yet in that case, you'li
have remnoved the shutter modulke. ts
than much easier 10 reach the SeT5CrEws.

CHECKING THE MG2 COMBINATION
MAGNET

You might at first suspect that ser-
vicing the AE-1 involves replacing mod-
wlar circisit boards, While that's true in
many slsctronicatly controlied camaeras,
it's not the case in the AE-1, Replacing
the flex circuit requires an almost com-
plete camera disassembly.

Since it zakes & fot of time to replace
the fex circuit—and because the flex
cirouit, complets with components, B
pretty sxpensive--some technicians have
expressed the opinion that the AE-1
isn’t sconomical to service. That may be
rue in rare cases, But most of the
“aommon’’ repairs we've gncountered in
AE-1 camerss have been relatively
simple. And, if you're willing to trouble.
shioat the circuit, you'lf probably nevet
replace 2 complete assembly—rather,
you'll replace individusl components,

Fortunately, three 1C's g1 the top of
the AE-1 contain the most sophisticatad
circuitry, When vou have an electronic
matfunction, the IC’s are the jast com-
ponents to suspect. That's becauss you
thave no solder eonnections inside an {C.
And solder connections are probably
the main traublespots in an electronically
controtied camera.,

The fine coil of wire making up an
elsctromagnet may also be a logical
suspect. Temperature extremes oan
cause this tiny wire to expand and con-
tract--amdd sometimes break. You then
have #n open ¢oil.

For sxample. say you have an open
Mg3 coil. in that case, the coil can’t
develop the electromagnetic feld to
hold the closing curtain. And you'll gel
no aperture~both gurtains will cross the
aperture together, Or, if the Mg2 coil is
open, the thutter won't releass.

You can check both magnets after
puiling the bottom plate. Suppose the
customer complaing that the shutter
won't ridease. You check the battery
and find that it's o.k. The nex? logical
step would be 1 pull the hottom plate
and) check the combination magnetMg2,

Fig. 18 shows the connections from
the Mg2 coil at the flex circuit. You
may have a piece of insulating tape over



this teerion of the board—that tape
imsulates the flex cirgcunt ¥rom the bot-
torn piste. Pull off the insulating Tape 1o

- check the Mg2 coil.

f

First, though, theck the mechanical
releasing  action—just Use your screw-
driver to push the Mg? armature toward
the front of the camera. The shutter
should relgase. If the shutter relesses,
vou know there's np mechanical
problam,

So you could have an open Mg2 coil—
or you ecouki have a bad capacitor {the
capacitor that discharges through the
coif to disable the permanent magneth.
You can check both the coil and the
capacitor in gne shot. Cock the shutter,
Then, use your tweezers 1o short be-
tween the negative laad of the Mg2 coil,
Fig. 19, and ground {the edge of the
camera body or the ground screw on the
flax circuit). The armature should spring
away from the Mg? core and release the
mirror,

This shorting test bypasses the elec-
wronk switch that routes the spurt of
current through the MgZ coil. The par-
tial schematic, Fig. 20, shows how the
reiease circuit normatly works, Notice
that capacitor C47 {for 47 microfarsds)
connects in series with the Mg 2 coil.
When the elactronic switch cioses, it
atlows capacitor 047 1o chscharge
‘through the MgZ coil.

if shorting across the switch dossn't
retease the shgvrer, chack for battery
power at the flex circuit. Locate the red
wirg that runs from the flex circuit o
the M3 siectromagnet—this red wire
connects the flex circuit 1o positive
battery, So measuring batwsen the red-
wire connaction and groand, you should

regd the full Dattery voltage {around
.35 volts without drawing batlery
current).

Similarly, you can check the voltage
#% each of the Mg2 combination magnat
isads—you should measure the full
nattery voltage at each lead. if you do,
you know that you don’t have an open
coil,

Now, fet’s assume that your shorting
tast doesn’t relesse the shutter. Yet you
mesasure the proper voltage 3t the flex
circuit. There may still be a guestion as
to which component is defective—the
coit or the capaciter. Measuring the
valtages w0 the coil leads telis you the
coil must be complete. But for a final
check, you can use & power supply 1
relaase the shutter.

Set the power supply between 2 and

4 voits. Then, touch the negative power-
supply lead 1o the negetive Mg lead,
Fig. 1B. And simultanecusly touch tha
positive powes-supply jead to the positive
Mg2 jead. That sends current through
the Mg2 coil, And the mirror should
release. If it does, you can suspect a bad
capacitor.

You can replace either the combina
tion magnet or the C47 capacitor from
the bottom of the camera. The capacitor
hooks to the flex circuit st the points
shown in Fig. 18. But a word of cauvtion—
be extremely careful when handling
the flex circuit. Mishandling the flex
citcuit can retult in breaks within the
board. Those braaks can be tough 16
find. And about the only way 10 correct
them is 1 use jumper wire, 3 technique
well later describe.

Figurs 19, Shorting the negative Mg 2 lasd to ground should relesse the shutter
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Suppose $hat you hawe to replace the

screw  provides good contact betweesn
ground and the Hlex circuit. You can
now \lift the flex circuit from the con.
nector pins of the Mg2 combination
maghel.

Remove the complete combination-
magnet assembly by taking out its two
screws, Fig. 21, Similarly, you can re-
move the capacitor C47 by putlling the
solder from s two leads, Fig. 18.

Fig. 22 shows the combination-
magnet assembly removed from the
camera. Notice the connecior pins
whith pass through the holes in the flex
circuit-—the Mg2 coil leads wrap around
these conpactor pins, Also notica the
post on the underside of the Mg2 arma-
twre. When the Mg2 armature shoots
soward the front of the camers, the post
strikes. the main-relsase lever, Fig. 23,
The main-raiusa tever rnfuses both t'he

In Fzg, 24, we v puthd :h,e bm-um
section of the Hex circuit to show the
parts on its underside. Here, we've dis-
. connected the two wires {one red and
e black ) from the flex circyit contacts.
*~—-And we've pulled the solder from
the power-windsr switching contact.

Capacitor C47, Fig. 24, charges o
the battery voltage through the 22K
resistor. The diode shown in Fig. 24
protects one of the IC's from the counter
EMF of the M2 coil.

CHECKING THE CLOSING-CURTAIN
ELECTROMAGNET MG3

You can also check the dosing-
curtain slectromagnet Mg3 with a short-
ing test. Notice that the closing-curtain
sisctromagnet has three wires oonnected
10 it—two rad wires and a black wirg,
Fig. 17. Here, you'll encounter » cauple
of desgn variations. In some carmeras,
like the ane iliuswrated in Fig. 17, there's
a smafil PC board cemented to the 10p of
the Mg3 coil. The two red wices and the
bisck wire solder to the PC board, Also,
the two coil leads connect to the PC-
bosrd contacts, the contacts closer 1o

~ 'ﬁn othe typa of Hgﬂ m
et, Fig. 25, has a sralt PC board 1t the

““sdso!&cmkfheudwm

10 the same contacis 2 do the insolated
wires. It's & litte tougher w0 work with

wire, you're munning the risk of dis-

connacting the coil leads.

But{ there's no electrical difference

between the two types of electromag.
nets. And the two variations are inter-
shangeable. One of the red wires con-
nected to Mg3 comes girectly from the
positive terminal of the battery compart
ment, The black wire and the other red
wire connest Mg3 to the flex circuit at
the other end of the camera. Sa, measur-
ing between ground and either terminal
of Mgd, you should messure the full
bartery voltage.

Reading the battery voitage at both
coil terminais tells you that the coil is
complete. You don’t have an open.
8ut to make the quick shorting test.
just short between the black-wire contact
of Mg3 and ground, Fig. 26. When you
then release the thutter, you're running
battery current directly through the
coil. And the shutter should stay open
as long as you maintain the short,

You can aiso measure the resistance
af the coil. The Mg3 cofl, mesiured
between the red wire and the biack
wire, should be around 224 ohms. If
you have an opsn or shorred coil, just
remove the two screws shown in Fig. 26,
And raplace the compiete Mg3 electro-
magnet.

ADJUSTING THE CURTAIN

TENSIONS

Fig. 23 points out the tension-
setting gesrs for the opening and closing
curtains. However, you can reach both
adjuitrents through clearance holes in
the Mg2 plate, Fig. 27. Except for parts
replacement, you'll never haveto remove

the Mg combination magnet as we've
dope in Fug. 23.

The tensiorvsetting adjustments in
the AE-1 are especially convenient. You
can turn the mension-setting gears n
gither direction without disgngaging the
tocking wire. Just insert the points of
yout tweezers into the gear holes, Then,
twirn the gear in either direction—coun-
terclockwise to ingreass the tw@nsdn,
clockwise 1o decrease the tension.

Canon specifies the curtain-travel
times a5 1 1.3 miltisesonds uging Kyoritsy
test equipment, New cameras we've
checked with National Camera's Agto-
Systemn-7 {measuring in Tmm from cach
edge} have varied from 115 w0 126
miiliseconds. So there's some latitude
which may heip in adjusting the fast
shutter speeds. Az you'H see g Httle laver,
you don't have convenient shutter-
speed adjustments in ths AE-1.

REMOVING THE FRONT
DECORATOR PLATE

Remove the front decorator plate by
taking out five screws—one at the from,
one at the bottomn, and one at each side,
Fig. 28. The switch-bution sssembly
should stay with the front decorator
plate.

Yo'l now notice that the front
decorator plate is made of metal-plated
plastic. The top cover is also plastic.
Using plastic for thess and other parts
partially accounts for the exceptionally
fight weight of the AE-1,

Notice also the two switches at the
side of tha camera, Fig. 29. The wo
switch blades ars formad from one piece,
a piecs that connects t ground. So




when you're closing the preview switch,
you're just connecting the purph-wue
contact to ground. And when you clos
the backlight switch, you're connecting
the white-wire contact o ground.

The purple wire and the white wire
hoth pass through a pecial cutout 0
reach the 1op of the camera, Fig. 29. On
reassembly, make sure the wires lake
the route shown in Fig. 28-—atherwise,
you can cut off the wires when you re-
place the top: cover.

Another precaution—note the por-
tion of the flex circuit visible through
the cutout in the 1op cower, Fig. 29, The
cutout provides clearance for the front
edge of the pentaprism, When you're
fifting off the top cover, there’s 3 danger
of catching and tearing the fiex circuit.
Sa, while removing the top cover, push
it the edge of the flex circuit that’s
vigitshe through the cutout.

in Fig. 29, you can also see the four
screws holding the lens-mpunting ring.
Hare, you have » typical Canon adjust
ment for the $#Hangefocal dutance.
Washers under the lens-mounting ring
allow you 1o adjust the fangefocal
distance and the paratielism. The distance
between the front of the lens-mounting
ring and the film-guide rails should be

41 9mm-—between the lens-mounting

ring and the pressure-plate rails,
42.14mms,
AREMOVING THE TOPF COVER

Removing the front decorator plate
is a pecessary step in disassembly--the
front decorator plate conceals two of
the top-cover screws, Fig. 28, Remove
the two screws shown in Fig. 28, Then,
remove the other four top-cover screws—
one on sach side of the eyepiece and
one on each end of the rop cover.

Next, open the camera back by pull-
ing up the rewind knob. Notice that you
can remove the camera back com-
pletely—just push down the locking
hinge pin. The removable back allows
you 10 attach another special  AE-1
accessory, & data back. You'll probably
find it's easier to work on the camera if
you now remove the camerd back and
get it out of your way.

Wedge the rewind shaft and unscrew
the rewind knob, That gets you to the
snap ring holding the plastic cover pver
the rewindshaft opening, Fig. 30
You'tl find snap fings throughout the
AE-1, ene of Canon’s technigues for
cutting production costs. Using the snap

rings eiiminates many of the endplay
washers vou normaily expect to find in
Canon SLR'.

it's 3 lirtte tricky to remove the snap
rings—unhess you have a special snap-ring
plier. Canon has an exgellent snapring
plier tor the job, but it seils for around
$30. For a iot less mongy, yOu Cin get
the special smap-ring plier for the Pol-
aroid $X-70—it‘s available through Polar
oid and through National Camera, Or
you can modify a standard pair of
external snap-ring pliers to do the job.
With most standard pliers, you'll have 1©
grind the tips to 2 smafler size. But in-
vesting in a specia! too! might be a good
idea—it's likely we'll be seeing more
nap tings usad in future designs.

Onece you remove the snap ring, hift
off the plastic cover ring. That exposes
the functional resistor, Fig. 31, The
functional resistor tums as you seteither
the fiim speed or the shutter speed.
Setting a slower shutter speed or a faster
film speed allows the springloaded
functional resistor 1o rolate in a clock:
wise direction. That decreases the resis-
tance value supplied 30 the exposure-
soarol tystem.

Canon’s service materials call the
functional resistor the "SV--TV" resis-
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tor. in fact, the sendce materials make
exlensive use of the Apex system for
designating the variables which affect
2OV stands  for 'speed

Hue,” 3 number in the Apex system
referring to the ASA filey speed. And
TV stands for “time value,” the Apex
designation of the shumer speed. In
sHect, the functiona! resistor substracts
the time value from the speed value.

in Fig. 31, we've ser the shutter
speed 1o "B and the film speed 20 ASA
3200--the combination of sertings for
maxim  exposure, These santings
alfow the functional resistor 1o turn as
$ar as it can w3 clockwise direction.

Always set this combination of
settings before removing the speed knob.
You want to jet off ac much of the
wting wnston a8 you can. Otherwise,
you run e risk of breaking the fine
coupling wire that connects the speed
knob 1o the functional resistor,

Alsc note the position of the func
tional mesistor in Fig, 31. Here, we've
drawn two imaginary lines—one running
perpendicutar 1o the rewind shaft and
ane running through the certer of the
cover 1ab, At “B” and ASA 3200, there
should be 3 45° angle between these two
imaginary fines. As yet, you anen't so
- concerned with timing the functional
w;ssistor—sr-ou'll see the precise timing

after pulling the top cover. But noting
the position of the functional resistor
now gives you & check on the proper
spaed-knob installation.

The reason for the concern i that
there are a couple of speed-knob varia:
tions. To remove the spead knob, first
1ake off the wind lever. As you unscrew
the wind-lever retaining screw, watch
for the loose soring washer and teflon
washer underneath. Lift off the wind
fever and the wind-lever coupler. Now,
making sure you're set to “B” and ASA
3200, unscrew the speed-knob retaining
ring {there should be a brass washer
under the ring} and lift off the speed
knob.

Notice the tab on the underside of
the speed knob, Fig. 32. Here's where
vou'll find the variation—that tab may
be in a different location at the same
combination of settings. The tab fits
into a $iot in the speed-knob coupler.

A mechanical-coupling system joins
the spead-kriob coupler to the func-
tional resistor. So, when you remove the
speed knob, the spring-foaded functional
resistor turns the speed-knob coupler a
fittie further in a clockwise direction.
And the tab on the underside of the
spaed knob no longer aligns with the
speed-k nob-coupler siot.

To repisse the speed knob, start the

farge tab, Fig. 32, in the speed-krob-
coupter slot. Then, turn the spesd kKnck
in a coumterciockwise diregtipn, When
the “8” calthration gigns with the
index, the speed knob should drop imwo
piace. Two smail tabs on the underside
of the speed knob then align with two
slots in the speed selecior, And your
functional resistor should be at the 45°
afita, .

But not all of the speed-kKnob coup-
ters you'll see have the siot in the same
position. Some have the sfot closer o
the front of the camera, Fig, 33, And
others have two siots. H your speed-
knob couplar has two siots, there may
be some question as to which slot you
should use. Here’s where it's handy to
know the timing of the functional
resistor,

Normalty, you should use the speed-
knob-coupler slot that's closer 1o the
front of the camera, So first 1y the
spead-knob tab in this siot. And, after
seating the spéed Knoh, check the uming
of the functional resister. [f the func
tional resistor sn't at the 45 angle,
you know that you used the wrong siot,

Now, with the speed knob removed,
tlitt off the 1op cover, Yau can then see
the top of the flex circuit—and most of
the circuit components, Fig, 34,
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COUPLING BETWEEN THE TOP
COVER AND THE CAMERA BODY

Fapke TN

Fig. 34 points sut the parts i the
top eover which align with points in the
camers, Starting 31 the wind-lever side,
notice the switches labeted “SWT" and
“SWZ.” These are the reizase-Dutton
switches~the switches that close when
vou push the release button,

Thres biades make up the SW1 and
SW2 switches. The 1op blade is a ground
contact. When you push the relaate
Button part way, the ground contact
moves down and touches the second

Figure 36 Test settings tor timing functional résistor
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blade—the SW1 biade, That tums on the
circuit. Pushing the relsaze button the
rest of the way connacts the botrom
2T de, SWE, to ground. And that releases

2 shutter,

A 136 on the self-timer lever sits next
to the release-button pin, Fig. 34. When
you push forward the seil-timer tever,
the tab comes against a thin wire, This
wire is the blade of SW7, the self-timer
switch, So the seif-timer lever just pushes
the SW? blade against a grourd b,
closing the ssif-timer switch SW7 tw
provide the 10-second deiay.

Two vertical contact blides next t0
the couriter dial send the seif-timer sig:
ral to the selftimer LED. The LED,
resaining with the top cover, connects
1o the wo lands shown in Fig. 34, And
these tends,

Another switch sits under the hot
shoe in the top cover. This switch, nor-
mally open, closes when you inttall &
Hash unit. So you don't get contact to
the hot shioe unless you have & Hash unit
mounted to the camwera, If you've
hooked & flagh unit t the flashcord
terminal at the front of the camera,
there's no danger of getting a shock at
the hot shoe,

The two contacts in the hot shos
LW the two contact bisdes above the
syepiece, The shorter of tye two contact
biades, the one on top, receives the t/stop
signsl from the flash unit. And the
longer, lower blade—the CCC contact—
receives the signal o switch the shutter
spead to 1/60 second.

At the other end of the top cover, o-
cate the long pin on the bittery.-test
button, Fig. 34. This pin passes through
& hole in the functionaleesistor circuit
board. And the bartery-test switch SWE
sits beneath the circuit-board hole.

Finally, locate e X-comact con-
nector next to the galvanometer, Fig, 34.
A wire joins the X-contsct connector to
the X-sync contacts at the other end of
the camera. When you install the top
cover, the X-contact CONMECIOr COIMes
against the end of the flashcord terminal.

COUPLING TO THE FUNCTIONAL
RESISTOR

A thin tungsten wire connects the
speedknod coupler W the functional
ﬁv} sistor, Fig. 35. Although the tungsten

frire looks delicate, you'll find that it’s
exceptionaity strong--stronger than stesef,
And it rarely prasents problems (unless
someone removes the speed knob at the
wrong sertings, lesving wo much tensicn
on the functional-resistor spring}.

Replace the speed knob to check the
timing of the functional resistor, Seat
the speed knob 3t the “B* and ASA 3200
sartings. Then, set the speed knob to
160 second and ASA 100, Fig. 36.

Now, look at the underside of the
functional resistor. The brush that comes
against the resistance path should align
with the circuitbosrd timing mark,
Fig. 37. The exact portion of the brush
that aligns with the timing mark may
vary from camera t0 camers. But you
should note the timing in the event you
have to replace the tungsten wite,

REPLACING THE TUNGSTEN
WIRE

Suppose, then, that you do have to
repiace the tungsten wire, Notice the
route of the tungsten wire in Fig. 35. A
knot at one end of the wngsten wire
hooks in & tiot at the underside of the
speed-knnd coupler {with some cament
heiping t0 secure the connection}. The
tungsten wire passes around 3 nylon
puitey naxt to the speed-knob coupler
and srournd four nylon pulleys sbove
the eyepiece,

Motice that the tungsten wirs wraps
clockwiss srourdd the functional resis-
tor-a siot in the side of the functional-
resistor spring barrel guides the tungsten
wire. The tunptén wire then passes
theough a sotch in the top of the spring
harrel and passes around BN eCtentric
post, Fig. 38. And the end of the tung
sten wire ties 0 3 forked (ab on the
spring-barrel cap. ,

You unptthctunﬁunwiaaa
replacement m—gmt necessary to
buy complete asserifblies. Tie a knot in
one end of the wire {don't use too much
of the wire for your knot—you don’t
have much excess length with which w0
work). Then, stutf the knot into the slot
st the undersids of the tpead-knob

coupler. Ard use some cament tn ;e
the conmection.

Sest the speedknob coupler and
replace the spesd knob at the “B” and
ASA 37200 mtiings. Next, route the
tungsten wire sround the nylon pulleys.

With the original tungsten wire dis-
connected, there's no initial tension
ramaining on the functional-rasistor
spring. But this spring should have 1 10
1 1/2 tums of initial tension. You'lt
normafly find that the eccentric post
now points toward the back of the
comera. So tum the functional-resistor
spring barrel 3 complete tum in &
counterciockwise direction—that spplies
the initial tension.

Hoid the functional resistor at the

S

45° angle {shown in Fig. 31} as you con-
nect the free end of the tungsten wire,
Wrapg  the tungsten wire  clockwise
arounc the outer dge of the spring
barrel. Bring the tungsten wire through
the barrel notch and around the eccentric
post. And pass the free end of the tung
sten wire through the slot in the forked
tab. Finally, wrap the excess wiré around
the tab.

Now, set your speed knob 1o 1/60
second and ASA 100, And check the
position of the functionaisesistor brush,
Fig. 37. if the brush aligns properly
with the timing mark, apply a dab of
cement to the forked tsb. But what if
the brush doesn’t align with the timing
mark? if it's glose, you can make the
fine adjustment by turning the eccentric
post, Fig, 38,

Howsver, you can't get too much
adjustment out of the eccentric post. So,
if the brush n't close to the timing
mark, it's best to disconnect the end of
the tungsten wire from the forked tab.
And tuen the complets mring barrel
untit the brush aligns propedy. Then,
reconnect the tungsten wire and apoly
some cerment ta the forked 1ab.

CUSTOM IC'S IN THE AE-1

Most of what you've read or heard
sbout the AE-1 prabably concerns the
advanced IC technology. Here, Canon
packs a myriad of functions into three
tiny 1C's. You can sse all three 1€y 2t
the top of the camers, Fig. 39.

The two iC’s on the sides of the
penaprism look alike. But they're
compietely different imside, PX2, the IC
on the windjever side of the pents.
prism, conwming the digitallogic oir-
cuitry—the minicomputers, And PX3,
on the rewind side of the pentaprism,
processes information received froar
ather components 1o control the shutter
speed, meter rexdout, arxl disphragm
setting.

How about PX1? Ifs & livde more
ditficulr w sea. FXT mount o the
section of flex circuit that curls up nesr
the eyepiecs, Fig. 40. PX1 comains the
sificon photocell and the MOSFET
{metal oxide semiconductor fiekd effect
transistor} amplifier for the photocsll,

A white nylon dip heolds PXY in
place. The dip passes over the top of
the IC st the back of the flex circuit,
Fig. 40. To reach the IC, you can simply
remove the clip. And carfully Gft ocut
the mction of flex circuit containing
PX1, Fig. 41,
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CIRCUIT FOR THE CANON AE-1

Fig. 42 shows the complete schematic

. for the AE-1. Here, we've just made

$some slight changes to the schematic

o published in Capon's service materials.

it vou're using Canon’s service manual,
haee are the changes we've made:

1. Wa've added dicde Db to input

Ng. 17 of the central processing

3

‘b
r s
»

unit, Early versions of the camera
don't have this divde. Diode Db
sits on the top of the flex circuit,
Fig. 41,

. We've added dinde D12 at the

bottom of the schematic. Early
AE-1 models have 3 resistor R12
rather than the diode. Fig. 41 also
points out diode D12, If you have
2 resistor in this position, you're

[7
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working on an early version of the
Circuit,

. Wa've reversed the positions of

thermistor RTC and  resistor
RRTC at the oulput o the
MOSFET amplifier. The résistor—
not the thermistor—hooks 10 pin
8 of the MOSFET.

4, We've reversed the positions of e

sistors AT and BT at the bottom
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S w——evergﬁ-mg ki Hmp Haghoring
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And the inner dashes Boes (dashes with
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mang Here, you cansee the symbod for
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imput of the MOSFET, Fg. 43 FX2 i
the lower rithand commer, Fig &2, got
1305 the diprgl circuts. Locste the 2.
it gounter (20 fipdiopsi and the 8-
piv ‘cpunter (B Mipdlopsl. The Bow
COUNTEF serves 35 the STy ST,

The thirg €, PX3, s at the ipwer
righthand corner of Fu‘; 4% PX3 con-
trols the galvarometer and Two of tha
thres eleciiomagners—Mgl, the cie
phragm-contral glectromagnet, and Mad,
the closingcurtain slegtromagnet. The
shutterspeedcontroel  crguit wits  just
below PX3 in Fig. 42,

There's & .lox mare nnde the 1073
than e mmat&c indicates,. Buy the
schematic breaks. aown the 0% encugh
10 show what's: gong pr-anid 10 smaw
ihe mputs snd outputs. Although there
gy Hierally be thousands of pansiston
inside the 1073, there’s ondy one discrete
findividual} transisior i the camerd—
@ PNP transistor (marked TTREYE g

RESISTOR BUARD

_ahawe the box indicating PX2. The trar
sistofr sits on the oo of the pentaprim;
Fig. 44, Transistor TR kas onefunction-
it supplies operating woitage fur 1l three
1ICs. Pushing the relesse button far
erough fo close SW1 torns on the tran
sistor. And banery voltage €1 dppeass
&1 the transistor’s coliector.

The schematic doesn't show &l the
connections between the collestor of
the transistor and the (C's. Rather, the
schematic  simplifies. things a little by

Figure 45




‘st indicating where voltage £1 appears,
Natice that the (T leads are numbered.
And the collector voltage of TR appears
at pin 4 of each 1C.
To the right of PX1 in Fig. 42, vou
ary tee the thwee LED's and the mirror-
Aease combination magnet Mg2, LED
1 is the undersxposure LED, LEQD 2
the self-timer LED, and LED 4 the
manual LED. Strangely, there’s no LED
3.

CONSTANT-VOLTAGE SOURCES IN
THE AE-1

The AE-1 generates two constant
voltages within PXJ. Evers though the
battery voltage may change, thes two
However, the two constant voltages may
vary glightly from camera to camera.

One of the constant voitages providss
2z referevice for sach amplifier stage,
That's Vc, appearing st pin 15 of PX3.
Notice that the CCOC hot-shoe contact
also connects to pin 15 of PX3. So,
when dosing the relesse-button switch
SW1, you should measure the Ve voltage
at the CCC contact, Fig. 44. The Ve
yoitage should be 1.2 volts plusor minus
0.06 voit. We'll tatk more about the
Ve voltage later—it's very important in
setting up your adjustments.

The other constant voltage, KVc,

Wu the adjustment capability, KV
“-apmn a1 pin 8 of PX3. And PX3
tpplies the KVe voltage 1o one end of
the variable resistors VRI. VRZ and
VR3. Adjusting these thees variable
resistors just regulates the smount of
K V¢ applied to amplifier inputs.

Again, the schematic doesn't show
the connections betwesn the KVe voh-
age source (pin 8 of PX3) and the
variable resistors. Bat vou can soe the
three varighis resistors we mentioned on
the resistor circult board, Fig. 45. A
common tireuit path joins one end of
each of the resistors, And a blue wire
conpects 1o the common path—it's this
blue wire that carries the KVe voltage 10
the variable resistors,

KV may vary between 18 and 2
waits, depending on the particular cam-
ara. But, like Vo, it remains constant
within the camera. SO you ¢an measure
the KV¢ voltage between the blue wire,
Fig. 45, and ground, Checking your Ve
ard KVe voltages shoukt be one of your
first steps in troubleshooting the cameea.

“ PERATIONAL AMPLIFIERS IN
k. HE AE-1

if you foliowed the series of Crafts-
man articles on digital slectronics, you
already have the theory background for

wivlerstanding the AE-1. So we can now
put that theory 1o work and ses how it
applies specifically to the schematic of
Fig. 42.

ANl those triangle symbols in Fig. 42
indicate amptifises—more  specificatly,
cperational amptifiers. The operational
amplifier, “op amp™ tor short. is a high-
g3in DC ampiifier with many applica-
tions. You can use the sams op amp to
do a number of things—it just depends
on the componenss you hook to the op
amp.

Other than the MOSFET, vou can
see two types of op amps in Fig. 42.
Saveral of the op amps are labeled “AR™
for “amplifier. Another group uses
the label 1 “CP” for “comparator.”

Each amp labeled “AR"” provides
linear amplification. The op amp takes
a certain DC input signat and provides a
proportional—but  amplified—output.
Fip. 46 shows basically bow the op amp
does the job, Notice that you have two
inputs—one marked “-** and one marked
“+.7 And there's one output at the
opposite corner of the triangle,

The input marked “-* is the invert
ing input. That means sny signal applied
10 the -~ input sppears smplified but
inverted at the output. So suppote you
apply a signal that's going mare positive
at the inverting input. The signat, ampli-

fisd at the output, goes more negative

{or tess positive}.

The other input, marked "+ pro-
vides the noninverting input, Any signal
applied 10 the noninverting input appears
amplified and in phass at the output.
So 3 more positive signal at the nonin-
verting input appesrs as 3 more pasitive
signal at the output.

But notice in the AE-1 schematit
that every of 4mp serves as an inverting
amplifier. Each input signal goes to an
inverting input. You'll frequently see
inverting op amps with the noninverting
input connected to ground. However,
in the AE-1 sach noninverting input ties
10 the Ve voltage source, Consequently,

the V¢ yoltage regulator supplies 3 1.2
volt reference signal to every amplitier
stage.

Also, part of the outpul is returned
to the input through a feedback resistor,
Fig. 47. That's because the gain of an op
amp is 50 high {in an ideal op amp the
gain would be infinite}. You can't really
use ait that gain. But taking pact of the
inverted output signal—and returning
that signal 1o the input through the
feedback resistor Rf—reduces the gam
to a usable amount.

Why? Because the outpul signal is
opposite in phase w the input signal.
Consequently, the teedback partially
cancels the input. You can then control
the gain of the amplifier just by changing
the value of the feedback resistor,

The input signat is applied theough
another  resistor—Rin  {for  “resistor
inpuf"). Agdin ssuming & perfect op
amp, the input impedance is infinite.
And with infinite input impedance, no
signal flows into the op srp. Rather, ali
of the input signal appears across Rin.
Of course, no cp amp can be perfect.
Yet, {or measurement pUrYpOses, your Gt
consider that the op amps in the AE-1
have these kieal characteristics.

in fact, you can consider that the
feedback signal completely cancels the
input because of the high gain. That
carr't actually be the case—if it were, the
op amp would be completely useless,
Still, for measurement purposes, just
figure that the entire input appears
across Rin and the entire cUtput appears
scross Rf. The faedback signat then
drives the inverting input 10 the same
potential as the noninverting input.

So suppase you're chacking an op
amp which has the nosninverting input
connected to ground. Messuring be-
tween the inverting inpul and ground,
you should then measure O volt, But in
the AE-1, each noninverting input hooks
10 the 1.2wvolt Ve reference. S0 vou
should measure 1.2 volts at each invert
ing input. Changing the light conditions,

Vel2zV
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shutter speed, filin speed, #tc., normally
won't give you s difference you can
masurs.,

Siwe we're asiuming perfect op
amps--infinite input impedance, zero
output impedance--you can figure the
goin of the amplifier by the input and
feedback resistances:

Gain = Rf_
Rin

Taking one example from the AE-1,
you have an op amp with 3 feedback
resistance of spproximately 800 ohms.
And you hawe an input resistance of
approximarely 400 ohms. Dividing the
feedback resistance by the input resis.
tENCE gives vou ¥ gain of 2. If the input
signal then goes 1 volt more positive,
the ciput goes 2 voits less positive.
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THE SUMMING AMPLIFIER

Each op amp marked “AR™ in Fig.
42 serves a5 3 summing amplifier. Fig.
48 shows an example, Here, you hawe
more than ongé inPput resistor, Aa input
signal appesrs scross sach input. The
summing amplifier then tees the alge-
braic sum of these inputs—it adds them
all together. And the algebrakc sum of
the inputs detarmines the output.

How could you then use the sumiming
amplifise? As an example, you could
make one input the scene brightness,
one the shutter speed, and the third the
film speed. The summing amplifier
woulkd then add these variables to
datermine the exposure at its outpst.

THE COMPARATOR

All the op amps marked “CP” in
Fig. 42 function a5 comparators. Here,

vou'll notice that there’s no faedback
resistor, Fig. 49. S0 the comparator isn’t
a linpar amplifier—rather, it functions
strictly as a switch. .

You can think of the comparator as
an analogto-digital device, It receives an -
anaiog voltage signal at the inverting
inpret. And it compares this signal with s
constant refarence at the noninverting
input. In the AE-1, that constant refer
ence is again the 12 voits V.

if the input voltage is sbove the refee-
ence, the output of the comparalor goes
to & saturated negative state. For
example, say the input voltage i 1.5
voits. lt's more positive than is the Ve
voltage of 1.2 voits, 50 the sutput of

comparator is close to ground.

But if the ingut voitage is below the
reference, the output of the comparator
goes 10 a saturated positive state. So
suppose our input of 15 volts drops
below the reference 1.2 volts. Then, the
comparator switches states, And the
output goes close 10 +6 vohs, the
battery voltage.

Since the comparator serves strictly
as 8 swiltch, vou might think of i
another way—it just lurns on or luens
off, according to the input signal. Think
of the output as being negative whaen
1he input voltage is above the reference
voltage {even though all voltages in the
AE-1 are positive with respact 1o
ground), And think of the output
being positive when the input valtage i
below the reference voltage. In the AE-),
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CIRCUIT BOARD REPAIRS

When you'te  troubleshiooting  the
AE-1, here's one clue to keep i mind—
has the camera been worked on befgre?

You can usually tell by looking at the
connections, screwMMs, e, it

solder
o' -obmccu;, the camsra bamn't been
worked on. breaks i the fiox circuir
gre unhkely,

But ¥ someone has worked on the
camera, 3 bréak in the flex circuit be.
comes a strong possibility, You may
then have 10 ;umner between compon-
ents, bypassing the break. Here, Canon
recommerndds that you use brown wire.
Why? Becsuze there arent any brown
wires in the camera, 50 when the next
echnician tees a browr wire, he knows
it's & jumpar.’

Of course, not evervone is going 10
e brown wire. Most people will yse
whatever.  they have handy, Conse:

quently, you can's depend on all jumper

wires being brown.
The mast -gifficult part in repaiting

the flex cirquit, though, is focating that

bresk, Now, the schematic, Fig, 42;

becomes - esseatial. Using your ohme
“er, yOu £35 trace out circuit paths to
dahr&ak

For exampla suppose that you
aren't getting the E1 voltage to pin &

of PX2, Yet, checking the voltage at'the
callector of the discrete transistor with
SW1 closed, you measure the bagery
voltage. You thm cheok €or continuity
betwesn e coliector of the transistor

and pin 4 of PA2. And vou ﬁnﬁ B OPER.

Circuit,

“You'll then have to jumpsr the break
in-the Hex circuit. Solder one end of
your jumper wire directly to the wan:
sistor's collecter, Fig. 44 And solder
the ather end of the j jumper wite 10 pin
4ot PX2,

Fig. 50 shows the numbering system
tor the lesds of the three IC's, 1f there's
g wire soldeted to any of these leads,
¥ou ka it's a jumper {excap for the

ground tabs—a red wire connects the -

ground tabs of PX2 and PX3 1o groingd],

TROUBLESHOOTING THE
SWITCHES IN THE AE-¥

. Sevecal of 1he switches in the AE.1
wmet o the ceniral processing unit
Lifude PX2, Fig. 42, And mechanical
swnches are lngical niaags 1o stary
Uoubleshootmg for certam types of that.
funetiéns, Hemember, it's much maore

Pekedy idr Gaud 4 probliemoaian a mechas
iesl switch than with an U0, v
Fig. ST shows jost the seation of BX2
which receives the wmputs from the
mechanieal switches, And Fig. 52 paints
Sut the switches themsnlves, Notice thiat
closing the release-bunton switch SW)
connects pin 17 of PXZ w ground
wherpugh the diode Db. And when you

push the release button all the way 1o

close SW2, you're connecting pin 13 of
PX2 disegtly 10 ground.

Suppnse thaen, that you have a shut-
1or v.-h:ch won't release. You've atready

checked the combination magnet Mg2

ar the bontom of the camera. And
vou've found that the shater releases
pepperly during your shorting test,

Try hooking one chiwneter lead 1o

-ground. And feuch the other ohrrinteter
" tead to pin. 13 of PX2. Youshould read
an open circuit-no continuity. Then,

pish e the relusse swilobes S i

QIE. You shoukl now tesd g shorl
C(flﬁ;&é{f‘

Also, with the shutter cosked, theck
ter contingity between pn 14 of PX2
and ground--you should read 3 diteet
shory, Notice in Fig. 5Y that pn 14 cone
nects 1o switch SWE. And SWH must
miake good qe*:zum;i coracy before the
shutter will (efease

Switch SW5, F:g §3. 3i5¢ has the fob
of signaling the Power Winder A to cock
the shutter. The forked end of the SWS
hiade straddies a pin o the SWH controf
lever. The SWS-control lever extends
into the shutier mechanisey where it's
controlied by the clasing curtain.

With the shutter cocked. the SWS
blade. moves 10 the position shown N
Fig. 53. Here, it LOMACLS the lant closer

‘o the. back of the camera, That connects
pin 14 of PX2 to ground, But when the.

l/
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poe rplgase. protiiem thar may fail st
this cetegory-~the SWT swich remams
in caﬂstaﬂi contggl with the gzauﬂd
contatt tabs W‘hen that hapoens, you
“’?ve an Teasy’ répsir, Just pull the

3 cover and retorm the SW7 blate,
pending the blade away hom the
ground-contact Lalr,

Thers's ore more switch shown in
Fig. 51—the auto-manual switch SWit,
As yer, you cav't see SW11-it's the
switch behind the front plale that's
controlted by the E-M change pin, SW1T
apens when you set the dophragm-
setting rirg to the sutomatic position.
Serting & manul fistan atlows SWitw
elose, cosnecting pin 18 of PX2 to
ground.

PHOTOMETRIC SYSTEM IN
THE AE-1

Probably thu most unique {art of the
AE-1 involves the photometri : system—
the system that reads the ligh |, provides
the meter indication, and conirols the
disphragm closure. Since Cane n uses the
Apex system in it service materials,
we've put the Apex symbols iy Fig. 56.

BV means the brightross value—
2 certain amount of light & tering the
iens system. The brightness value has

vrtheng 1o do wath the shultpe speed,
Titrs spewd, Of any othey vatable 1t's
sirictly a fixed amount of light.

Some of that light is jost m passmg
through the lens system. So. once
through the fens. BV becomes BVO-
the brightness value out of the lens. The
siticon photocell sees BYO as the tight
filling on the focusing scroen, And it
responds o the light level by develop-
ing a vohage that's proportional to the

B¥0.
The brighter the tight {the higher the

BVO}, the more valtage the silicon
photocell puts out.. The MOSFET then
amplifies the valtage across the photo-
cell, This amplified version of BVQ goes
g summing amplifier No. T inFig. 56.

Notice that summing amplifier Na. 1
has several inputs, It adds the BVC 1o
the {ilmespeed setting information {SVI,
the shutter-speed information {TV}, and
the apertre-correction  infarmation
{AVC]L. The value of AVC {sperture
‘yalue correctioni depends on the lens
installed. ‘One of the resistors on the
site of the mirror cage {conteolled by
the maximun-aperture correction pinl
determines the value of AVO.

The outpint of summing amplities
Noe. 1 15 now AV-—the aperure value, 2
diaphragm opeming which will provide

prapes exposure with all the variables.

rutsibeeri, But dur the ooy soadon,
thes sysbent must ackd gne: mione 1aeTar -
fhe  myggamumeaperiiee afosmuton
ANV, A setuand v able somastan g fhe
Muber cage, aiser canrteadled by the
MAX U auuwn. cofeptan i e
ey the Maxunum-aoe e o ma.
tion, Summinyg amplifier No. 2, Fw
§6. then adds the maximumapeiture
mformation o the AV  aifgrmation
trom summing arphtie: Mo, T And i
prowadies an gutpul wiveh drives the
gatvanometer needls 1o the proper
tistop reading.

So 1ar, aif we've done s get &
meter readout, Hoawever, the sgow AV
information at the output of summing
amplifier No, 1 aiso contols the di-
‘phragm closing system, Notice that the
two lower ouiputs from summing arnplic
tier No. 1, Fig. 56, go 10 COMPATALOs.

Comparatar Na. 1 in Fig, 56 controbs
the underexposure LED in the findes
First, it compares. the AV signal from
summing smphifier No. 17 theconstant
voliage reference Vo 11 AV isbelow 1.2
voits, the comparator switches s
positiva satutation. And the under

exposure LED flashes on and off, telfing

you that ypu fe.wtsnsle the rnetering
fimits., ‘

The thid AV output of summiag
amplifier No. 1 goes to comparator No.

BV

sV MAXIMUM APERTURE
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ﬁ 4 SILICON SUMMING METER
MOS SUMMING
—>| —P} protoceL AMPLIFIER AMPLIFIER Ay READOUT
/ BVO #1
'(—G'Ii)—’; BVD L ?
CONSTANT
VOLTAGE
AV REFERENCE
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CIRCLIT CONVERTER #2 #
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Z. And comparator No. Z controls the
memory circuit, When you depress the
ralease button o dose SW2, the oscil-
lator shown in Fig. 56 starts feeding
pulses 1o the digital memory circoat.

Earlier, we mennoned that the
siismory consists of an 8-bit counter—a
series of 8 flip-flops. The counter starts
at 0. it then counts the pulses supplied
by the oscilistor,

A digital-to-anslog converter con-
stantly moniitors this count, And it tums
the digital count into an anslog voltage.
As the tount increasss, the voltage out:
put of the digital-to-analog coaverter
decresses. This voltage then provides the
second input to comparator No. 2 in
Fig. 56—the other input, vou'll recall, is
the AV signal from summing amplifier
No. 1.

Whan the autput of the digitai-to-
analog converter drops to the AV signal,
the comparator shuts off the digital
coumer. But the counter holds its count
25 fong as it has operating powwr. That's
how it ssrves as a memory circuit. The
AV output of summing smplifier No. 1
now appears 25 the ocutput of the
digital-to-analog converter.

Naturaily, all this counting takes some
time—around 8 milliseconds for the
counter to reach its maximum count. 5o
the reloase circuit has 2 buitt-in 10 me
tor discharges through the combination
magnet Mg2. This time delay atsures
that the counter can reach its maxiowm
coum.

After the 10ms delsy, the mirmsr
releases. And, a5 the mirror rises, the
diaphragm starts closing. Now, the silicon
photocelf can no longer see the hight
passing through the lens. SO you lose
the AV output from sumring ampli-
fier No. 1. But it dossn’t matter—that
same AV signal has been memorided 3t
the output of the digitat-to-anziog
convarter,

Consider that the diaphragen & now
cloting. That means the diaphwagm.
control  electromagnet Mgl reonging
ensrgized. As the diaphragm closss, it
fowers the resistance in the disphragm-
sensing cirguit, Flg. 56

oS¢ the di ]
modifies the AV nntput oi the digitat-
1o-anslog cornwerter, Asst it supplies this
changing output to compaator No. 3,
Fig, 56. When the disphragm-sensing
circisit drops the AV input below the
VI reference signal, comparator No. 3
switches into positive saturation. That
shuts off the cuwrent flowing thraugh
the disphragmecontrol  electromagnel
Mgl. '

As a resuft, the ddphragmrcontrol
electromagriet releases its srmature, The
armature then drops nto engagement
with a ratchet gear to arrest the diz-
phragm-setting lever. So the disphragm-
setting lever siops the diaphragm at the
propet t/stop—the proper AV,

TROUBLESHOOTING THE
PHOTOMETRIC SYSTEM

In a2 moment, we'l go through the
same operations using the actual cirouit.
You'll then be able to see the 165t points
and troubleshooting procedures. But
you'll notice in Fig. 56 that you have a
natural dividing pomnt for troubleshoot-
ing—the output of summing amplitier
No. 1.

For example, suppose that you get a
camera in which the meter doesn't work,
Parhaps the nasdle always stays st the
top of the scafe. Or perhaps the needle
always pegs to the bottom of the scale.
Yet vou check the diaphragm on suto-
matic operation snd find that it stops
down to the proper flstop.

You then know that the AV output
of summing smplifier No. T must be
o.k. If it weren't, the diaphragm system
woulkint be working. So the problem
must be to the right of the first summing
amplifier. Perhaps there's a problem in
the maximum-aperture resistor. Or may-
be the galvancmweter itself is defective.

Or, suppose that the dispheagm fails
1o stop down properly. [t stways remains
at the largest aperture or it alweys stops
down to the smaliest aperturs, regardiess
of the light conditions. Yat the meter
rexds comrectly. Again, you know that
the output of the first summing ampli-
fier must be correct. Why? Because the

meter reads properly. So the problemy

must be in the lower part of Fig. 56~
most likely, the disphragm-sensing

Possibility number three—neitheér the
meter nor the diaphragm works
properiy. Now, you can be pretty sure
¥OU aren’t getting the praper AV output
from samming amplifier No. 1. So the
problern must be between the first sum-
ming araplifier and the photacell.

LIGHT-MEASURING CIRCUIT

We can now go through the schematic
step-by-step to locate the test points. In
Fig. 57, we're showing just the light-
measyring cireuit. This is the portion in
the upper left-hand corner of the con
piete schematic, Fig. 42.

Fig. 57 akso shows the circuit through

LYy

which the preview switch SW1T° turns on
the transistor TR, Cinsing SW1° allows
current to flow through the two base-
bias resistors of TR, This bias curremt
makes the base of the PNFP transistor
around 0.8 volt nagative with respect 1
the emitter. And that turns on the tran-
sistor, Closing the release-button switch
SW1 does the same thing.

The forward biag i more thanencugh
10 drive the transistor into saturation.
As 3 result, very lttle voltage drops
acvoss the wansisior. The transistor
serves strictly as a switch—it turms on
when you close SW1 {or SWT') and it
turns off when SWS5 removes the ground
contact.

What if the wansistor failed to turn
on? Then, none of the IC's would
operate—none would have operating
power. As a result, the shutter would
not ratease and the meter needle would
niot deflect. The only circuit still oper-
stionat would be the bartery-test circuit.

So one of your standsrd tests in the
AE-1 is to check the discrete transistor.
Without closing SWt or SW1°, measure
the voitage between the emitter of the
transistor, Fig. 55, and ground. You
shoutd meassure the full battery voltage.
tector, Here, you should measure O
voit—the transistor should be off.

Now, close SW1, And again measure
the coilector voltape. This time, you
shoukl messure ciose to the full battery’
voitage. Your reading will probably be
just under 6 volts, depending on the
battery’s condition. Whan you're draw-
ing current, there’s a vohsge drop across
the bateery s interaal resistance.

1t you don't get the bartery voltage
€1 at the collector, the transistor isn’t
turning on. Posibly you have 3 bad
transistor. Of maybe the transistor isa’t
getting the bias it needs.

You can then check the voltage be-
tween the bawe snd emitter of the
wansistor, Fig. 55. If you're getting the
proper forward bias, you evidently have

s bad twransistor. And if you're not
gmmg the forward bias, there may bea
prablem in the biss circuit. Check the
two base-bigs resistors, Fig. 55.

Turning on the transistoc applies the
collector voitage to the E1 input of the
MOSFET. So the MOSFET amplifies
the signal from the silicon photocell.
The negative lead of the photocelt con-
nects to the MOSFET s inverting input.
Consequently, increasing the hight level
causes the inverting input to go more
negative, And, since the MOSFET is an
inverting amolifiar, the output a1 pin §
goes MOre positive.

Notice that the MOSFET daesn’t use

—_ - -~ -
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B THNSt wr g the feedback component—
istead, it uses @ transistor Connected as
# dipde (the bese and emitter lnads are
ted together), A diode’s resistance
~ 4nges as the cutrent ehanges, So the

SBFET has 3. changing teedback sig
nal-a signak that varieg according 15 the
npuy,

A @ result, the MOSFET serves a5 »
log converter—it amplifies the log of the
inpat. The reason:is that EV's fexposure
valyes} aren’t linear with respect to BV's
fbrighiness values). So the MOSFET
changes 1he gain according 1o the input
sgnal to provide 3 Boear outpat,

There's one problem with using a
semiconductor a5 a8 feedback compon-
env—sermiconductons are hedbsensitive,
Thar means changes in temperature also
atfect the gainof the MOSFET. Yo take
caen of this probdem, the AE-Y uses
temperature-compensating creuitry,

A rracking transistor, also connected
25 a diode, connetts 1o the MOSFETs
nonipverting inpit. The fracking tran-
siztor tracks temperature vanations and
makes needed compensations in the
reference voitage. Also, a thermistor
rooks to the MOSFET output, Fig. 57.

You cant see the thermistor RYC
{resistor temnperature controll nesr the
top of the pentaptism n F-g 58, 1%

* 2 coil of wire. With a¥t the advanced

Aicondutior electronics in the AEY,
it s somewhat surprising to see a oo of
wire for temperature stabihw* But
there's a reasan. Ay the temperatuie ot
the wire ncréases; the resistance
inCreases—a  positive  emperature <o
efficient. A semiconductor thermistor
normally has-a negative temperature co-
efficient, meaning the rasistance
de¢reases as the temneramm increases,

The thermistor and its series fesistor
serve 35 the input resistance for amplifier
ARS. Consequently, the gain of ARS
varies. gccording 1o the temperature 10
make compensations. ARD, as vou can

see in the complete schematic, is inside

PX2. This amplifier stage once again in-
verts the signal, Singe the outputof the
MOSFET goes more positive with in-
creased light, the output ot ARS anes
fess pmnme‘

Notice that the feedback path of
ARS includes 3 variable resistor-VR
Gam. VR Gain isone of the resistors on
he resistor board~the gne nearest the
back-of the camera, Fig. 58. Changing

.1the setting on VR Gain-charges the gain
Q T ARB—~turning the wiper clockwise

.“:f‘rgases the gain, turning the wiper
sounterclockwise decreases the gawi. VR
Gain provides one of the standard adjust-
ments youll use . setting up  the
camers, ' '

The capacitor hooked i the teedback
cireunt of ARD just serves as a tilter. ft
compensates for fluctuations in the fizh!

sotiros, such as would result from Huo:

rescent fighting,
‘Whers you close the backhghx swrich

- SWT0, Fig. 67, ARS becommies 4 summing

ampfifier. 1t now has WO INpUt 7885
tances. SW10 hooks the wnverting iapat

of ARS 1o ground through the backlight

resistor Rice. So closing SW10 causes the
output of ARS 10 go mare positive for
the same fight tevel, giving you the
intentional averexposure.

There's gne mote op amp shown in
Fig. 57-AR6. ARG holds the nonin-
verting input of the MOSFET at a con-
stant value. And R level sets the operat:
ing point of the MOSFET. Here, it tooks
a5 though R level may originally have
been intended 35 an adistment-—it's on
the resistor board, connected Yo the

KM atifosteem vohtage However, B
ievel isa fored sesistande path,

Let's aow wace the 8VO sgnat
through the cweuit of Fig. 57 1 vou're
checking the sigral with. a voitmeter,
you shoult! see 3 changing voliage at the
MOSFET purput ipin B4 volldge That
goes more posaive a5 the light tevel
InCreRses. This charging vohage provides
e input 10 amplitier ARS, »

But mwasuring the valtage at gin 7 of
PX2, you should read 1.2 volts {again,
the high. gain énwes the inverting inpur
of ARS 1o the same voltage 3s the non-
inverting input}l. And at the output of
ARS {pin & of PX2). vou should again
read 2 changing voliage. The voltage.
should decreate—go less pasitive—as you
increase the light fevel. The output of
ARS then gues to the next amphter
stage thraugh input rasistor RLT, Fig. 57,
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THE SUMMING AMPLIFIER AR

Amplifior AR1 inside PX3, Fig. 59,
corresponds to summing amptifier No, §
in the hiuck diagram, Fig. 56. ARt adds
the shutier-speed information, the lens
information, and the film-speed infor-
mation to BV0,

Notice in Fig. 59 that ART has two
inverting inputs. fnput resistor RLT
hooks 1o the AE {automatic exposure}
input. And inpur resistor RZ hooks to
the EF {electronic flash) input. The
other end of R2 connects to the hot-
shoe contact that automatically sets the
aperure,

With the Speediite 155A installed,
AR1 gets its input through resistor R2
1o the EF input. The Speediite provides
the input signat and resistor R1 provides

the feedback., But for availabte-light
functions, AR1 uses the AE input,

in Fig. 60. we've omitted the EF
input toc ARt Here, you can see how
AR1 serves as a summing amplifier for
automatic exposure control. The BVO
signal from ARS, Fig, 67, is applit to
the AE input of AR1 through resistor
RLT. Since the output of ARS goes less
pasitive with increasing light, the output
of AR goes more positive with indreas:
irg light—another phase inversion.

But remember, ARY adds the other
variables to the BVO signal. It gets the
fitm-speed and shutter-speed information
from the functional resistor. In the
schematic, Fig. 80, variable resistor VR
SV.TV indicates the resistance set by
the functional resistor.

ARE also adds a correction factor for

R2

V1 EF W

HOTSHOE
CONTACT

VR
SVTV

VR Rf1
AVC

|
]

T OWR

Figure 60

VR AVO

the particular lens. Installing the fens
selects the resistance of VR AVE, one
of the two variable resistors on the sige
of the mirror cage. 50 RLT, VR AVC,
and VR SV TV all serve as input resistors
for amplitier AR1T,

There’s one more input  resistor—
VR, Fig. 60. VR1, one of the variabie
resistors on the resistor board, Fig. 58,
provides your adjustment for the ARY
output. For a particutar combination of
film speed, shutter speed, fight level,
and maximunn lens aperture, you shouid
have a certain output from AR 1. Adjust-
ing VR requires actually measuring the
output of AR1T a1 pin 13 of PX3.

For most of the troubleshooting tests
we'll describe, just about any voltmeter
wilt do the job. But you're expectad to
make the adjustments 16 the mitlivolt.
That mesns a8 3 1/2 digit voltmeter
practically becomes a necessity for
adjusting the AE-1. You just can’t resd
an analog meter 1o this kind of precision.

CONTROLLING THE METER
READOUT

The output of ART now contains the
actual diaphragm informaton— the AV
{aperture vafue). This AV, you'll recall,
tias two functions: it contrals the meter
readout and it sets the actual diaphragm
opening. But to provide the proper t/stop
indication, the meter needs one move
bit of information-the maximum aper-
ture of the tens.

installing the lens sets the resistance
of VR AVQO-that's the second variable
resistor controlied by the maximum-
apertureé correction pin, The rasistance
of VR AVQ, Fig. 60, controls the out-
put of amplifier AR2.

Notice that you can adjust the out
put of ARZ with another of the resis-
tors on the resistor board—-VR3. VR3,
then, provides your maximum-aparture
adjustment. Here, you'll instail a lens.

. R4

AR3

T |
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And you'il adjust the voitage output of
VR3 10 get the proper voltage at pin 8
of PX3.

Amplifier AR3 now adds the AV in-
{ormation trom AR1T 10 the maximum-

wture information from VR AVO,

wd the output of ARJ drives the gai-
vanometer. The output of AR3 makes
the 1op of the galvanometer more posi-
tive or less positive, depending on the
NP signals,

You've seen that the galvanometer
needle deflects further for a lower light
fevel. Tracing through alf those phase
inversions, you can now see why. Con-
sider again that you have an increasing
light level. The output of the MOSFET
then goes more positive, the cutput of
ARS goes less positive, the cutpist of
AR goes more positive, and the output
of AR3 goes less positive. And the end
resuit—the top of the galvanometer goes
fess positive.

Making the top of the gelvanomater
iess positive, Fig. 60, lowers the poten-
tigl ditference across the meter. That'’s
because the bottom of the meter con-
nects 1o ground. So you have fass current
flowing through the meter's coil. And
the needle doesn’t move as far,

The adjustment for the needle reading
may provide a surprise-you simply
rrtate the complete galvanometer hous-

mumples on top of the galvanometer,
Fig. 58. A pressure spring hoids the
galvanometer movement in & mounting
plate. So, using a wwanner weench, you
can turn the galvanometer until you get
the proper f/stop reading,

THE MEMORY SYSTEM

Most sutomatic SLR's with elee-
tronic controls store the exposiure in-
formation n 3 memory capacitor, H
the AE-1 used 2 memory capacitor, it
would simply charge the capacitor with
the AV information from ARL. The
charge on the memory capacitor would
then determine the disphragm opening.

But Canon engineers decided the
MeMOry-Capacitor  system lacked the
precision they wanted. So instead, they
adapted 3 computer concept for retain-
ing informateon—a digital counter. And
the AE-1 became the first camera 1o use
digital togic,

Integrated circuit PX2 containg the

. "-gital system, Fig. 61. PXZ receives the
tput of ARY at pin 5. S you can
messure the changing AV signal at tweo
(C5—pin & of PX2 and pin 13 of X1,
tnside PXZ. the AV signal goesto two
separate comparators, Fig. 61. Compar-
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ator CP2 conwols the underexposure
LED. And comparator CP3 controls the
memory Circuit,

Earlier, we meationed that the AV
signal from AR1 is more than 1.2 voits
in the ussble nmwtering rangs. Compar-
ator CP2 compares the AV with the
1.2volt Ve reference. And if the AV
signal drops below 1.2 voits, the com-
parator wrns on the underaxposure
LED. The underexposure LED then
flashes on and off at an eye-grabbing
rate—4Hz.

Since the LED flashes {rather than
glowing steadily), you know the AE-1
must have a buift-in oscillator. The oscit-
Tator shown in Fig. 61, 3n astable multi-
vibratar, supplies the oscillations needed
for several applications. When you close
SW1, the oscitlator sends a 65536 Hz.
signal to the 20-bit down counter.

The 20-bit down counter serves as 2
frequency divider. Ithas 20 separate flip-
tiops (bits). And each bit divides its in-
put frequency in haif. So at the first bit,
you get 3 frequency of 32768 Hz., half
the oscillator frequency. At the second
bit, you get 18385 Hz., at the third bit
8192 Hz., etc. Keep dividing the fre-
quency in hatf and you'tl reach 4 Ha,
st the 14th bit—that's the frequency
that drives the underexposure and man-
ual LED's. At the 15th bit, you get the
2 Hz. signial for the seff-timer L ED.

Fig. 62 shows the operation of the
frequency divider. We've simplified the
drawing to show just one bit-the first
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flip-tlop stage. Depending on the Rip
ftop design, it takes either 2 positive
going puise or @ negative-going puise 10
trigger the fiip-flop. A change in the in:
put pulse telfs the flip-flop 1o switch its
CUTPUTS 10 opposite states,

So suppose in Fig. 62 that the Y out.
put of the fiip-flop is at 0—it"s set 10 O
by a pulte applied to the “clear” input,
The other output, ¥ (not Y} must then
be in the opposite state--1, A flip-fiop
has only two states, 0 and 1. And the
two outputs must always be 3t opposite
states.

A positive-going puise applied 1o the
input triggers the flip-fiop. So the fiip-
flop changes states—the Y output goes
10 1 and the Y output goes to 0. The
square-wave input pulse thin drops back
10 0. But the flipflop doesn™t change
conditions untif the input starts increas-
ing again.

As a result, the signal taken from the
Y sutput looks ke the input signal, But
the frequency has been divided in half.
Same with the signaf at the Y output-—
it’s just opposite in phase 1o the ¥ out
put. So the 85836 Hz. signal apgplied (0
the input becomes a 32768 Hz. signal at
the outputs. it's this signat that drives
the memaory circuit.

An Bbit up counter provides the
memory. The 8-bit countar isn't much
ditferent trom the 20-hit counter. But
its used for a different purpose—it
counts the puises from e first bit of
the frequency divider.
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Ciosing the relessebution switch  flipflop No. 1 changes states—the Y No. 1 triggers flip-Hiop Ne. 2, Fig. 65.

SW2 applies a “clear’ pisise 1o the B-bit
counter through the “preset” fead, Fig,
61. That sets the Y outputs to 0 {and
the: ¥ outputs to 1) Now, the 8bit
Counter ¢an  count the 327& KMz,
signal applied to its “clock™ input,

The simplified. diagram, Fig. 63,
shows: how the B-bit counter can caunt
the clock pulses. Consider that you've
just applied the *clear™ signal, So all the
Y outputs are at 0. And ecach flip-fiop
tequires § positive-going pulse—s 1—o
change states.

When the inpit starts going positive,

‘output goes to | and the ¥ output goes

10 Q Fig. 84. How about flip-flop No. 27
it doesn’t change stites. Flip-tlop No. 2
requires 2 1 at its input before 'H
ch, . But utnownesa{)mwz(rom
the Y output of fhip-flop No. 1,

So, after the first clotk puise, the B-
b?it eounm reads “00000001." Trans
lating the binary system to the decimal
system, that’s a count of “one.”

The next clock pulse again triggers
fip-fiop No. 1. The Y- output of flip-tiop
No. 1 goes to 0 and the ¥ output goes
te 1. The 1 at the V output of ftip-flop
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Consequently, flip-flop No. 2 also
changes states. Ard the count, taken
from the Y outputs, reads “00000010."
In the decimal system, that's 2 countof
-.‘wa.is" )
Whert the flip-tlop reaches the maxi
mum coum,eachYoumgocsmt&e
1 state. So you have a digitat count of
“1 t‘l_‘n‘lﬂ “ @ gount that transiates
1o *255.7 Yet you can stop the counter
at any point between 00000001 and
*11111111." The 8:bit counter remains
at whatever count it has reached as long
as it has operating power.

USING THE DIGITAL COUNT

The camgra, though, can’t do much
with a digitaf count~it must first convert
that count to a voltage. it then com-
pares the voltage to the AV signal from
AR1,

From the schematic, you ¢an’t really
see how the digital count geis converied
1o a volftage. All that takes ptace mude
PX2. But you wan see amplifier AR4,
Fig. 61, which provides the analog voli.
age at its output.

The voltage at the output of AR4
decreases as the count. increases. Com-
parator CP3 then sees ‘this decreasing
voltage at one input. And it compares

the voltage with the AV signal from

sucnming amplifier ARY. When the two
voltages are equal, CP3 shuts off the
clock puises.

For example, suppose you have a lowe
kght condition, _That - means thare’s 4
low AV signal applied fo the poninert:
ing input of comparator CP3-3 low
reference. Then, as the Bhit counter
starts counting, the output of AR4.
Quite d ways atove the reference. And
this outpm, applwd f0- thé frweiting in-



past 57 CPY, keepy the sopnparator satu
sred b vhe nagative stali,

Byt g5 the Bt couniter contuiues 19
rount ciovk: puises, the oulput of AR4

rreases. The autpuy of AR4 kesps

AWping, getting closer and closer to
the AV input. , .

Einalty, the output of ARSE drops
tow enough to mateh the AV signal
from ART. Comgarator $F3  then
switches 10 the Saturated DoOsItive state
and shuts off the memory circuit. The
AV output of AR4 now matches the
AV inpat 1o compargrar CP3,

What has all this accomplishad? It's
just taken the changing AY signal from
ART sl memorized 3t 3¢ the putput of
AR4. The memorized AV signal goes
back $o PX3 10 determing the sctoal
thaphragm opening. o

TRANSLATING THE MEMORIZED
AV TO THE DIAPHRAGM OPENING

The memaorized AV signal from ARS
goes 10 the inverting: mgutof comparator
CPY, Fig. 66 And the output ot CPY
contrals the diaphragm-conwrol siscro-
magnét Mgl In the usable metering
rangs. - the: memorized AY signal s
hsgher than the V¢ reference voltage

1.2 voit§,
 As long as this condition exists, CP1
remains in & ssturated negative state. So
CPT cannects the lower end of the glec-
teomagnet Mgl to ground, That altows
current lo flow through. the electro:
magnet.

The oscillator in Fig. 61 providesthe

v deday thal pilgeds the 8- counter
o reach its enaxbmumn oount. After (his
delay, an efectronic swatch irule PX2
¢loses. Capacitor £47 then dugchargis
theough the coil of he combineton
magnet Mg2. A

Now, the comiination magnet Mg?
refeases the mitror. And, as the miriod
rises, the diaphragm closes. The s
pheagm can continue eipsing as long a3
carrent. Hlows mmugw the diaphragm-
contro! elecrromagnes Mgl. I's up o
the diaphragm-sensing systers to tell
comparator CP1 when the diaphragm
has reached the proper f(stca

The disphragm-sensing resistor VR av:

on the side of the mirror cage provides

the needed information—it refates the
_position. of the diaphragm j0 the AN
signal. As the diaphragm: closes, the

diaphragm-setting lever moves & wipes
slong the diaphregm-sensing resistor.

And. that decreases the resistance of

VR av.

Lowering the resistance of the dia-
phragm:sensing resistor awers the mem-
orized AV imput to CPY. OF, looKing at
the operation another way, it brings the

“wwerting fnput- closer. (o ground. When

the AV signal drops fow enough 10
match  the 1.2woft reference, CP1

switches to the positive state. And that

shuts off the current to the disphragm-
conirol electromagnet Mgl. ‘Mgl then
relpases its armature 1o stop the dia-
phragm ay the right opening.

_Fog example, let's again assume that

you're shooting under 3 low-light con-

ditietr. Sa there’s a low AV signal ap-
plied 10 G?i—-perhaps vary close to the

ORANGE WIRE TO VR AV _

1 2aenll refegiice. Ay 3 vesull the prre
EREagn SEMENE TESST0T st onty Towve
o small distance 1o mateh the AV ngnat
10 the reference signal. And the tha
phragm-control electromagnel stops the
draghragm at a lasge fistop.

Bt urider 2 highlight condition,
thierg's 3 Isrge AV signat, Consequentiy.
the diaphragim has 10's1op down further
in bringing down the AV signal to the
cefererice signal. The Mgl eleciramagnet
rernains enemgized tonger, allowing the
diapheagm 1o close 1o & smalier 15100,

CHECKING THE ﬂl&?ﬂﬁhﬁhﬂx
SENSING HSSESTOR

Suppase, then, you have 2 situaticn
where the meter resds the proper £/stop.
But the diaphragm fails to siop down

‘properly=it 3lways S0P down 1o the

satiest #/ztop or it Blways remaing at
the im:r hsa:aa

Since the meter reads properiy, you
know That you're getting the right AY

“signal from AR, So the probiem must

be in something thet atlects only the
diaphragm closure. Your first suspect—
the diaphrageeseasing resistor VR av.

We've mentigned that VR av sits on
the side of the mirror cage, But you can
check the cperatmn without remaving
the mirfar cage—wires from VR v con-
nect. the dhaphiagm-sensing resistor 1o
the top of the flex circuit,

Locate the arange wire connected 1o
the fiex circuit, Fig. 62, This is the wire
that connects VR av wrpin 2 of PX3.
it you dlose SW1 and measure the yalt-

age 1o the man¢wui: ConnECtion, you
should measure around T ypit,

Hut probably the cesiest wsy o
check VR av is o use an ohmmeter.
Cock the shutter and push in the stop-

down lever—that frees thi digphragm.
setting iever, Now, measurs the resistance
- between the ofange-wire connsction and
-ground—you should measure around

1.3K-2K: Then, slowly push the dia-
phrage- semng Tever toward the bottom
of the murror cage. And note the ress-
wance change. The resistance between
the arange-wite connection and grountt
should smoothiy. decreass 10 less than
K.

" tf you get erratic reddings while mov-
ing the diaphragr-setting bever, you have

. a’problem vath the diaphragm-sensing
resistor VR av. And you're going o
‘have to pull the mirror cage. Poor con.

ey, mﬂttmg inan open, could cause

the diaphragm to stop dows fully. A

short gould ‘cause the &mhragm 1o
femam futly open.



CHECKING THE DIAPHRAGM-
ONTROL ELECTROMAGNET

Therss another likely culprit if the
diaphragm remains fully open~the dis-
pheagm-control  electromagnet Mgl
sould be defective. tf the slectramagnet
has 2o open, i won't hold its sarmature.
The armature then lstches the dis-
‘phraghvstting lever immadiately, giving
symptom could atso result from a me-
‘chanicat malfunction.

You can't as mgezzethed;a»
ahngm-mmral slectromagnet, It's

tom of the mircor cage. And

mm(mng the mirror cage requires Guite
-& bit of disassernbly. Fortunately, you

can chetk the diaphragm-control electro-
magnet and the mechsnical operation

without remioving the miror cage. All

you have to do is take off a cover piate
at the rewind side of the camera body.
First, remove the front-plate leather-
eme from the rewind side. You can now
rzach the thres serews holding the end
Remove the cover-plate screw at the
front of the camers, Fig. 68, Bt be
careful in removing the two: serews at
the end of the cover plate—theie screws
pass through spacers for the back latch.
And the spacers will be loose ocnce you

remova the cover plate. After removing

the screws and the cover plate, repiace

the serews through the spacers as shown
in Fig. 69—that hoids the spacers in place.

From the front of the camars, you
can hiow see ‘three connections to the
fiex circuit, Fig. 70. The green wire a1
the top connection goes to the ato-
manual switch, the switch controlied by
the E-M change pin. “The red wire and
the black wire 9o to the coil of the dia-
phragen-control etectromagmt Mgt,

Fig. 71 shows & varistion, an earlier
version: of the flex circuit. Here, you can
see five (rather than thres) contact

END COVER FLATE I
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points. The three wires connect 1o the
top three contacits—the same sequence
as shown in Fig, 70, And 2 shorting wire
shorts the battom two contacts tagether,

You can now check the mechanical
Laion and the Mgl electromagnet in
ane stiep. Repiace the lens and set the
diaphragm-setting ring to the automatic
position. Then, short betwern the black
slectromagnet lead and the metal front
plate {ground), Fig. 72. Watch the dia-
phragm leaves as you relexse the shutter—
the diaphragm should stop down fully.
f it does, you know the mechanical
mechanistn and the Mgt electromagnet
are 0.k ~you don't have 1o pull the mir-
ror cage.

Alf you're doing in this shorting test
i running battery current directly
through Mgt. You're shorting betwsen
the negative slectromagnet lead and
ground. That bypasses PX3.

If the diaphragm daesn’t stop down,
you could Rave an open Mgl coil, Or
you could hive & mechanical malfunc-
ing the resistance Detween the red-wire
conpection s the black-wire connec-
tion, Fig. 70-you should read around
357 ohms. But in either case~bad coil
or mechanicat problem—you're going to
have to remove the mirror cage.

SMUTTER CONTROL CIRCUIT

Uniike the photometric system, the
shutter-speed cirouit is ressonably con-
ventional, However, you can’t get to the
wansistorswitching system—it's ali in-
side the PX3 integrated circuit.

Fig. 73 shows the portion of thecom-
plete schemaric that contiols the thistter
speeds. When you select a shutter speed,
you're serting the resistance of resistor
RT. RT isn't actually a variable resistor

Figure 72. Shorting to the black lesd should cause the disphragm 1o stop down
fully when you relsase the shutter
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- as the schematic would indicate, Rather,
RT CIRCUIT W COE Er SEq e RT consists of a series of fixed resistors
) - a"“’ECTQRA- . mounted around the RYT circuit board,

s T~ ey , = Fig. 74.

The speed selector, sitting under the
speed-knoh  coupler, tums with the
speed knob & you change shutler
speeds. A brush on the underside of the
spesd seléctor then selects the resistance
in series with the timing capacitor CT,
Fig. 73 and Fig. 75,

So the resistance of RT determines
how long it takes the uming capacitor
1o charge. When the timing capacitor
reaches approximately 2.6 volts, it shuts
off 2 switch to the closing-Curtain
electromagnet Mg3. Mg3 then releases
its armature and frees the closing cur:
Tain.
| You may recall that the Mg3 electro-
magnet doesn't start drawing current
untif capacitor CA7 discharges through
the Mg2 coil. in Fig. 73, you can see
the Mg2 detector which senses this cur-
rent flow. The Mg2 dewetor then ener-
gizes the closingcurtain electromagnet
Mg3

“The shuter-speed-cantrol circuit, Fig.
73, shuts off Mg3 according to the shut-
ter speed you select. Notice in Fig. 73

contains another comparator indication

—CP5. Comparator CPS serves i the

switch for the closingcurtain electro- |
magret Mg3.

Although Fig. 73 indicates the prop
er connections for the various compon-
ents, it domsn't really show how the
eircuit works. Redrawing the circuit,
Fig. 76, makes the operation more
apparent, You can now see that the tim-
ing resistors RT are in series with the
timing capacitor CT.

The two transistors shown in Fig, 76
are imside PX3. Consider that transistor
TR2Z, the Mg2 detector, turng on when
you depress the release button, TR2
then acts as 2 closed switch. Driven inx
saturation, the transistor drops lttle
voltage. As a result, TR 2 procticatly
shorts xross the base and emitter of
TR1,

TRT serves a5 the series gwitch for
the Mg3 efectromagnet. Thanks to TR2,
TR1 now has insufficient base-emitter
bias o conduct. So TR1 romains shut
off. And no current flows through the

But the spurt of current through the
Mg2 combination magnet tums off
transistor TR2, Now, the high coilectar
voltage of TR2 gives TR1 the forward
bias it needs 1o conduct, The zener
dinde hooked o the TRT base main-
tains a constant forward bias—a constang
voltage between the TR base and esut
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ter, S0 THY acis @ @ constant-currem
source, Despite vanations i bartéry
voltage, TR1 suppliss a constant 8 milk-
_atrps through the Mgl coil,

As long as TR continues to conduct,
a8 closingouriain dectromagnet e
figins energized. And the Mgl armaturme
holds open the closing curtain. To shut
off TR1 and end the exposure, the {im-
ing capacitor must charge to the cutoff
voltage.

However, CT can’t start charging
untit the mirror rises. That’s because the
capacitorsharting switch SW4, Fig. 76,
it closed. SWA maintaing. a direct short
actods the timing capacitor.

When the mirror moves to the taking
position, it disengages the openingcur-
tain latch, And the openingcurtain
fatch fwes the opening curtain, At
nearly the same time, an insufated post
on the opsningcurtain latth opens the
capatitor-shorting switch SW4. You can
see the capacitorshorting switch from
the front of the camera, Fig. 74. A
green wire connects the capacitorshort-
ing switch 10 the shutter-speed resis-
tors RT,

With SW4 open, the timing capacitor
£rorts charging through the shutterspeed
resistors RT and the fixed resistor RT)
Fig. 76. Again, the shutterspeed setting

2termines how long it takes for the tim-

“ing capacitor to charge 1o 2.6 volts. The
stower the shuttarspeed setting, the
greater the resistance of RT. And, ;2
result, the longer it takes the capacitor
to charge.

The top plate of capacitor CT, Fig
76, goes more positive as the capacitor
charges. When the top plate of the
capacitor goet sufficienty positive,
comparator CPS switches two the negs
tive state. That puts the base of TR1
nearly at ground potential—close 1o the
same potential 25 the emitter. So TR1
no longer has the forward biss it nesds
o conduct Shirtting off TR1 stops the
current fow thwough the Mg3 electro-
magnet and reteases the closing curtain,

Setting the shutter to “B* closes the
buib switch SW1Z and setes RT waa low
resistance—the same resistance valive a3
you have at the 1/50second setting
HNow, & long & you hold down the
releass button, the timing capacitor
can't charge sbove the voltage dropped
acvoss dicde D12, Holding down the
refease button keeps the refease-bution

“switch SW2, Fig. 76, closed,

_+ 5o the shutter stays open on bulb
until you allow the release boution to
return. SW2 then apens. And the tim-
ing capacitor charges through the RT
esistance that's the same as the 180
second resistance [around 15.3K).

Earfier, we mentioned that the shut-
tor delivers 1/60 second wihisn you have
the Speedlite 155A instalfed. Here, the
timing capacitor CT doesn’t charge
through the RT resistance~rather, it
charges through the fixed resistor R 1/60
{for 1/60 second). When the neon
ready lamp tuens on, the flash unit
draws current through the flash-mode
detector, Fig. 73. The $Hash-mode
detector then switches resistor R 1/60
in series with the timing capacitor. As
& resullt, you get a 1/60-setond exposure
regardiess of your speed-knob setling
{sxcept “bulb,” at which you'li still
get “bulb’}.

SHUTTER-SPEED ADJUSTMENTS

You'll notice in Fig. 73 that you
have no variable resistors to adjust the
shutter speeds. Instead, you have a fixed
resistor AT in series with the RT tim-
ing resistors. You're expected to change
this fixed resistor, Fig. 75, in edjusting

The technique Canon describes it to
ingtall & variable resistor in place of RT".
Then, use the variable resistor to adjust
1/1000 second. When you get & proper
exposure at 171000 second. measure the
value of your variable resistor. Am re-
place the veriable resistor with a fixed
resistor of the same valus.

Obviously, thiz in't a8 convenient
adjustment. Resistor RT' normally varies
within the range of 0.6K to 1K. And it
could take quite & while to find 2 fixed
resistor that perfectly matches the setting
of . your variable resistor. Fortunately,
it's ravely necessary 1o adjust the shutter
speeds. H your shutter’s clean and in
good aperating condition, simply adjust-
ing the curtain tensions should bring in
Your shuttu-spued adjusonents.

However, there's another adjustment
for the fast speeds —one that isn't des-
cribed in Canon’s service manual. You
can adjust the capacitorsharting switch
SW4. When 5W4 closes, the wire blade
contacts an eccentric ground post, Fig.
74. By turning the sccentric post, you
can adjust the time the capacitor
sharting switch opens—the soonér the
switch opens, the faster the resulting
shutter speed. Atthough the eccéntric-
past adiustment affects the fast speeds,
it has practicaliy no effect on the slow
speeds.

Resistor RCPS_ Fig. 73, provides the
intended slow-speed adjustment. But
we've yet to see a camera that hes this
resistor. Fig. 77 indicates where the re-
sistor would be connected —between the
flex-circuit contact with the two red
wires {ground} and the empty land.

Canon suggests making the slow-spaed
adjustment at 1/2 second. #f your 1/2-
sacond exposures too slow, hook a
100K varisbie resistor in parallel with
the timing capacitor. Adjust the varisble
resistor 1o bring in 1/2 second. Then, re-
place the variable resistor with 2 fixed
resistor of the same valus,

But if the 1/2sscond exposure is
too tast, hook a 0.1 microfarad capaci-
tor in parsitel with the timing Capacitor
of the timing capacitor., 5¢ it takes
slightly longer for the timing capacitor
€T to charge.

Either siovespeed adjustment affects
the fast speeds as well. Yet the fast-
speed adjustments have vary litde effect
on the slow speeds. Contequently, you
should make your stow-speed adiust-
ments first. Then, adjust the 1/1000-
second exposure, :

Why doesn’t Canon provide more
convenient adjustments? Frobably be-




cause yvou'll rarely need them. Canon
does provide varighle-resistor  adjust-
ments for the axposure-control system.
And these are the adjustments vou'tt be
miaking with just sbout every repair.

SHUTTER PROBLEMS

Troutdeshooting the AE-1 shatter
follows about the same procedures as
you'd use for any other edectronically
canteoiled  shanter. Normally, the
malfunctices you'll encounter 8 into
oni of four categories:

& the shutter dossn’t refease

® the shutter stays open

*the shutter delivers the fastest

speed ondy

* the shatter delivers no exposure

Lat's say the shutter doetn’t refeate.
Wa've alresdy deseribed the techniques
for checking the mirror-release comibing
tion magnet Mg2, the transistor, and the
release switches. Another possibiity—
¥OU Sren’t getting & connection between
the mirrorrelesse combination magnet
amwd pin 2 of PX2.

So check the voltage at pin 2 of PX2
—you shoutd measure the full batiery
vamge i you don't, you mey have to
keniper between the negative sife of
Mg2 (st the bottom of the camera) and
pin 2 of PX2. That's » long way to run 2
Jmper wire.

Also, youmay not be getting the out-
put of the oscilistor. If the osiltstor
isn't working, the shutter won't relesse.
And none of the LED's will Sash on and
off. Check then 1o make sure vou have
contingity between: pin 11 of PX2 and
the scitiator resistor Rosc, Fig. 77, And
check the resistor itself.

if the shutter defivers the fasiest
sed only, you may have 2 short across
the shutter-speed-resistor sssembly RYT -
between the two contxcs showw in
Fig. 75. Shonting the shutierspeed
resistors RT leaves onty the highspeed
adjostment resistor RTY in series with
the timing capacitor. So the timing
capacitor charges thraugh RT’. And the
shutter delivers an exposurs that's close
to 1/1000 second.

thing is mnm the timing capaci-
tor from charging to 2.6 volts.

Check the capacitor-shorting switch
SW4 first—make sure its opening
when the shutter relesses. You can use
an chmmater to check between ground
and the green-wire contact of the RT
resistors, Fig. 75, With the mirroe down,
you should measure a short, But when

the mirror rises, you should read an
apen.

You might also disconnect the green
wire from the RT circuit board. And
check for 2 short between the camera
body and the RT contsct from which
yau disconnected the green wire. A con-
nector pin passes thraugh the BT circuis
board 10 engage the flex circuit. This
pin comes very close to the camera
body. And, if the pin touches the Camera
body, you'l have 3 short serots the tim-
ing capacitor CT~the same effect as
when the capacitor-sharting switch fails
10 opern.

Bregks in the flax circuit or poor
salder connections may Causs an open
in the capacitor-charging path. Try
memuring the resistance between the
green-wire RT contact and the end of
resistor RT', Fig. 75. You should read
the resistance of the RT resistors accord-
ing to the shutter-speed setting. The
resistance should decresse &5 you ser
faster shutter spesis. The following
table lists the resistance values measured
froin: our avalustion camers:

B 153K /30 31K

2 207 1560 153K

1 102 128 F7IK
/2 510K 1/250 382K
14 253K 1500 187K
18 124K 171000 947 ohms
115 631K

But if you read sn open cdircuig,
RT contxt and RT”. Here, you should
measure a shovt —3 direct connection, f
there’s no continwity, you may have a
pooc solder joint at the RT connector
pin {the pin that doesn’t have the
green-wire cannaction, Fig. 75). Or you
may have 3 bveak in the flex ciscidt be
tween the RT connector pin and RT',

Other bresks in the flex civcuit or
goar solider connettions could catise the
someone else has worked oo the camers,
these things are uniikety, A break
between the BT green-wire contact and
diode D12 would cause the shurter to
hang open. So would & break between
diode D712 and the timing capacitor CT,
Poor solder connections st the BT con-
nector pins, diode D12 or timing cs
pacitor CT would have the same effect.

And finally, there’s the possibitity of
component problems. Check the resis-
tance between the two RT connector
pins as you change the shutter speads—
your readings should be cloge to those
shown earlier {in the chart). You may
find an open at & particular speed set-
ting. indicatng & break in the series of
AT resistors. in that ¢ase, you'lt have 1o

3y

replace e RT circut board. Other com
ponent possibitities—a bad timing ¢a
pacitor CT, a bad diode 012, or, a5 2
135t resort, @ bad integrated circuit X3,

We mentioned one other possible
shutter problem—the shutter delivers no
exposure at Al both curtaing crossing
the aperture together, That indicates 2
problem with the closing-curtain electro-
magnet Mg3. For some resson, the
electromagnet isn't holding its armature,
You could have an open slectromagnet
{we described this test earlier). Or vou
could have 3 mechanical tatrching prob
jem between the Mg3 ammature and the
closing-curtain cam,

Check thve mechanicai action by hold-
ing the Mg3 armature against the electro-
magnet. ‘Then, relesse the shutter. The
shutter should stay open s fong asyou
hold the armature.

Also check the spring on the Mgl
srmature sndd the adjustment an the
closing-curtain cam, Problems here wont
cause both curtaing to cross the aperture
together. But they will cause ditficulties
in adjusting the shutter spesds. Hf the
amarure wing & disconnécted or
broken—or the adjustment i incor-
rect-you won't be abie to bring in your
fast shutter speeds. The slow speeds may
time correctly. But the fast speeds will
ba too slow,

BATTERY-TESY CIRCLHY

Fig. 78 shows the batteryest circuit
in the AE1. Here's & very straight-
forward circuit-—nothing fancy. When
vou push: the battery-test button, switch
SWE moves from the salfd-ﬁ'm pwtmn

" When switch S\W moves away from
the solid-line pogition, it opens the cons
wer o the rest of the cireuie. Thats
why the battery-test button: also serves
as a cancal feature..

Current then flows from the bartery,
through the galvanometer, and through
resistor Rch (for resistorcheck). Resistor
RL provides & dutrway loéd for the bat-
tery test—it draws battery turrent lo
simulste the normal load. And diode D1
protecty agaiast damage if you instal
the battery upside down. The diode also
prevents the load resistor RE from draw-
ing cumrent in normal circuit operation.
Without the diode, cument could flow
through the grounded side of RL,
through Rch, and through resistar RM
{resistor meter) 10 the positive output
of amplifier ARZ.

Notice in Fig. 78 thar theres no
vaciable-resistor adjustment for the bev
1ery st As with the shutter-spaed cir-
cuit, you'te expected to change the
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value of a fixed resistor—in it cass,
“wistor Reh, Fig. 79. Since Canon

! woitends both RT’ and Rch as technician

adjustments, a new flex circuit comes
without these two resistors.

Canon’s technique for adjusting the
battery-test circuit is certainly unique.
As with most battery-test adjustments,
you need a continuousky variable power
supply. But you use that supply to dis-
cover the voitage at which the shutter
refeases.

Remove the camers’s battery and
connect the power supply to the battery
terminals. it's probably easiest to hook
the negative powersupply lesd to ground
and the positive power-supply lead to
the positive Mg3 lead, Fig. 80. Use a
miniclip © hold the relesse-button
switches SW1I and SW2 closed. Then,
cock the shutter. And stowly incresse
the powersupply voltage from Q voit
until the shutter releases.

The shutter should relesse at avoltage
setting between 4 and § volts, When the
shutter does release, measure the power-
supply output. And record this voltage.

You then use the recorded voltage is
setting the bartery-test sdjustment, #f

Lo shutter released at a setting between

%L»v, 2 vols and 4.39 volts, set the power

supply to 4.6 volts—between 4.4 volts
and 4.58 voltg, set the power supply to
4.7 volts—and between 4.6 volts and 4.8
wolts, set the power supply 16 4.8 volits.

So far, you've found and set the
proper powersupply setting for the
particular camers. Now, close the bat
tery-test switch. The needie should cen-
ter in the battery-test indicstor, I it
doesa’, you can change the value of
Reh, Fig. 79.

Canoon’s technique s to use 3 vari-
shle resistor that can be adjusted to
sither side of 4.7K. Hook the variable
resistor in place of Reh, And adjust the
variable resistor to center the needie.
Measuring the value of the variable re-
sistor then tells you the proper value for
fich. Again, you're faced with an awk-
ward adjstment lespecially when Rt
comes o finding 8 fixed resistor with
the same value as your variable resistor.
But its an adjustment you it rarely have
10 make,

CHECKING THE AV OUTPUY

We've described the common prob-
lems if you have 3 diaphmagee that
doesn’t stop down properly and if you
have a meter that doesa’t read properly.
But what if you have both probiems—if
neither the diaphragm nor the meter
works? In that case, you probably aren’t
getting the proper AV output from
amplifiar AR,

Use your voitmeter to check the
changing AV output. Here, you want to
maaxure the outpat of ART as you vary
the tight striking the photocell, But you
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don't have to measure directly to pin 13
of PX3 or pin § of PX2—the changing
AV appears at the flex-circuit contact
shown in Fig 81.

So you can hook your negative volt-
meter lead 10 ground. And touch the
positive voltmeter 1ead to the AV Con-
tact, Fig. 81. Close switch SW? {again,
¥Ou can use a miniclip to hold the switch
closed). Then, check the voitage as you
vary the light reaching the photoceli.

You should be sble to make the AV
signal change from around 1.2 voits t¢ 2
volts. And the voltage should increase az
you increase the light level, If you don™
get a change in your AV voltage, try
checking the output of the MOSFET.
Just hook the positive voltmeter lead to
pin 8 of #X1, Fig. BL Agsin, you
should see an increasing voitage as you
incresse the light striking the photo-
cetl—~from arpind 0.8 volt to 1.2 volts,

Suppase, then, you get the change at
pin 8 of PX1. Yet you don‘t gat &
change at the AV contact. Checking to
pia 6 of PX2, you should also measure 2
changing voltage. But here, the voltage
should decrease as the flight level
incraases,

And if you don't get the change at
pin 6 of PX27 Thea, check the batteey
input to PX2-you thould measure the
hattery voltage at pin 4. Also, check the
resistance between pin B of PX1 and pin
7 of PX2. You'te now measuring the
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resistance of the thermistor and resistor
Rric in series—around 400 ohms, de-
pending on the emperature,

An open in this input circuit could
cause the problem. Perhaps the ther-
mistor is open. Or perhaps one of the
components isn’t making good connec-
tion to the fiex circuit. But if the inputs
check properly, you may have § had IC.

On the other hand, suppose you
aren’t getting the changing output from
pin 8 of PX1. in that case, check the
voltages to the other lexds. Fig. 82 shows
what you should measure at each: pin. if
you‘re getting O volt 3t any pin {other
than the ground pin), you miy have a
break in the flex circuit,

Or, suppuse you measure your Kve
rather than Ve at pin 5. You know from
your understanding of op amps that you
shotild be measuring 1.2 volts here—this
i the inverting input of ARG which
should be driven 10 the same voltage as
the noninverting input, But if you
messure somaething tike 1.88volts (Kved,
you know there must be 2 problem in
the feedback circuit-perhaps a bresk
between pin B of PX2 and pin § of PX 1T,

Again, if you're getting the proper

praper signals from PX1 and PX2-
PX3 could be at fault.

REPLACING AN IC

Fig. 83 indicates the proper volt
ages measured to the ping of PX2 and
PX3. As we've mentioned, the IC's
should be your last suspects in the event
of component failure. So, before replac-
ing an IC, chack everything else that
could tause the problem—especially
soider connections. If you encounter a
new problem after reassembling the
camera—one that didn’t exist before dis-
pssembly ~double-check the solder
joints of the wires you disconnected.

Let’s now say that you've isolated a
probiem 10 a defective 1C. For example,
suppose that you aren’t getting the Vo
voltage output from pin 15 of PX3. Yet
vou are getting the § voits input at pin
14, From this, you can determine that
PX3 is defective.

As you can imagine, replacing the IC
requires a deficate touch. You must be
caretuf to avord damaging the flex circuit
when you putl the oid IC. And you must
be careful to avoid bridging connections
when you sofder in the new IC,

LIGNT LEVEL MCREASES inputs—~but not the changing output— First, unsolder the components that
you probably have a bad IC. The same connect o the IC. H you're replacing
applies to PX3. If you aren‘t getting the PX 3, Fig. 84, unsoider the resistors that

Figure 82 changing AV signal—vet you have the connect to the ground tab (pin 10) closer
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to the front of the camera. And unsolder
the red wirg that connects to the other
ground tab.

Next, use desoldering wick to remove
the solder from the two ground tabs,
Fig. B84, Make sure both ground tabs are
free from the flex circuit. That part of
the procedure isn't so bad, The real
trick is i disconnecting the 9 pins afong
each side of the IC,

You could unsolder and disconnect
exch lead individuatly. But there's an
easier, faster way. Just flow solder over
all 9 pins on one side, Fig. 85. Uke vour
soldering iron to keep the solder melted,
And lift alt 9 pins ar the same time, Use
the same technique to disconnect the 9
pins at the other side of the IC,

ht's critical that vou keep the solder

_melted on all Spins. If one pin isn't tree,
wuli pull loose a circuit-board land,
wasig, 88, Then, you'll have to usé a
jumper wice ta repair the circuit board,
Before installing the new IC, tin all
the leads, Tin the ground lesds firgt, Fig,
87. Hers, you want a tight coat of solder

on both sides of the ground tabs, Then,
tin each of the 9 pins on both sices of
the IC,

Notice the triangle symbol that in-
dicates the t1op of the IC case, Fig. 85.
Make sure this symbol goes up, pointing
toward the frant of the camera, & vou
seat the [C, Also make sure sach 1C lead
contacts its respective land. Finaly,
touch your soldering iron to each lead
= thown in Fig. 88 Since vou've a3l
ready tinned the leads, you shoulda't
have to spply any more soider.

ADJUSTMENTS INVOLVED WHEN
YOU CHANGE AN IC

Changing any of the three IC's
requires checking some adjustments.
Suppose that you've replaced PX3.
You've seen that PX3 comaing the Con
stant-current source for Mg3. So, after
changing the IC, you should measure
the current through the closingcurtain
siectromagnet.

Disconnect the black (negative| lead
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from Mg3. Then, hook an ammeter in
series with the electromagnet &5 shown
in Fig. 89. And measure the cuivent
while you're holding open the shutter
oy bulb. You shoutd measure 8ma [8.01
ma in our evaluation camera, indicating
Canon is pretty fussy about this adjust-
ment}.

You can adjust the current. through
Mg3 by changing resistor R1Mg3, Fig.
79. R1Mp3 is the resistor in the emitter
cirewit of TR1, the electromagnet
switch, Fig. 73. Increasing the resistance
decreases the current through Mg3, In
our evaluation cameta, R 1Mgd measured
468 ohms. But this value may vary from
camera to comera.

1¥f you replace PX2, check the fre
quency of the oseillator. Here, alt you
have to do is count the self-timer LED
pulses on the self-timar function. Qr,
simply time the sotf-timer delay. Again,
vou should get 20 pulsesi? you're check-
ing between the two LED contacts with
a voltmeter. And you should get a 10
second seif-Gmer detay,
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Figure 91

Adjusting the oscillator frequency re-
quires changing the oscillator resistor
Rose, Fig. 90. A higher resistance
increases the seif-timer delay time. In our
evalustion camera, Rosc messured 100K,

Finally, suppose you replace PX1.
You may then have 10 make the offset~

or “null”~sdiistment. You'll nomnally
ﬁnd two rill resistors connected to PX1,
Fig. 80. But you may also find resistors
hooked in parallel with the ones shown
10 get the right resistance value,

Changing the null resistors aflows
you to null the MOSFET—10 there's no
Sutput when yoir thart the input. To
check the null adjusoment, first short
the output of the amplifier 1o the invert-
ing input-pin 8 to pin 7, Fig. 91, And
méatire the walugt betweaen the cutput
and the noniwerting input—between
mammn&wrmyoudmmi
you should meature 0 volt with 3 toler-
ance of + S mv.,

And if you have an output of more
than 5 mv? Canon then suggests hook-
ing 3 30K pot in place of the larger of
the two moll resistors (if the resistons
bave different values). Adjust the variable
resistor until your output is within
tolerance. Then, install a fived resistor
of the sante value in place of the variable
resistor. If you stil can't bring in the
il aclumrmm. follow the same pro-
sedure ufing the satler of the two nult
resitors.

EXPOSURE-CONTROL
ADJUSTMENTS

Al of the electronic adjustments
we've described so far sound inconven-
ient. But again, vou may never have to
change fixed resistors. I you replace a
flex circuit, s but two of the fixed.
resistor adjusiments have already been
made 3t the factory,

The only fixed-resistor adjustments
you‘re expected to make with a new
board are the fast-speed adjustment using
RT' and the batterycheck adjustment
using Rch, 5till, you may not have to go
through the whole adjustment procedure
—it may be sufficient to simply transfer
these fixed resistors from the old board

But plan on making the varisbie-
resistor adjustments with every repair.
Ins fact, many of the AE-1's you'tl service
need only the exposure-control adjust-
meny. Owners sometimes discover that
they're getting a dighdy different expo-
sure on a manually set f/stop than on the
same t/stop programmed sutomatically.
By foliowing Canon’s adjustment pro-

Your first step in the adjustment
technique—as well a5 your first step in
moft troubleshooting—is 1o check the
discrete transistor TR, We described this
test esrlier. Just msusiire the voltage at
the collector of the transistor without
closing switch SWi—you should reed O
wit. Then, close SW1 and again measure
the collector voltsge. This tme, you
should readt close to the battery voltage.

Next, measure ad record your Vo
voltage. As mentioned eardier, the Ve
voltage varies dightly from camera to
camerz. But it remains constant in the
particular camera-despite variations in
battery voltage. The Vo voltage should
be 1.2 volits + 0.06 voht.

Again, the CCC cantact, Fig. 90
prowicdes 2 convenient place to measure
the Vc voltage. Hook the positive volt-
meter lead to the CCC contact: and
hook the negative wvoltmeter lead to
ground. Then, close SW1 and note your
V¢ voitage to the millivolt.

3%

MAXIMUM-APERTURE
ADJUSTMENT

Your first variable-resistor adjustment
% 10 set AVQ, the maximum-aperture
correction. Resiember, the full.open-
metering post on the back of the lens
pushies i the maximum-aperture corres-
tion pin. That sets & resistance vslus
which cortipensates for the maximum
aperture of the particufar lens.

The resistance of the AVD resistor
determines the output of amplifier ARZ.
And the output of AR2 provides one of

- the inputs to amplifier AR3, the ampk-

fier that drives the galvanometer. By
tuming variable resistor VR3, Fig. 92,
vois can set the AR2 outpul,

install the fens and note the largest
aperture. The AE-1 comes with either
the 500w 1/1.4 lers or the 50mm 1/1.8
fens, OF the two, the /1.8 lens is prob-
ably the more popular,

The lens you have instalied makes 3
ditferénce in the voltage you should
measure at the output of ARZ. But
there's aother factor-your measured
Ve voitage. So you first have to cale
culite the correct ocutput. Use the
following formuia:

AVO = Aperture Value — 4.5 X Ve + Ve
16

For example, suppose you're using
an /1.8 lens. And your Vc voltage mea-
sures 1.2 woits. The formula then
appears.

AVO=z 1.7 46X 12412
16

Or, AVQ = 0175 X 1,2 ¢ 12> 300

So, in s example, you should
measure 0.99 volt at the output of AR2~
pin 9 of PX3, Fig. 92. However, since
its & hittle tough to measure directly 1o
the tifiy G ping, you can measure 10 the
white-wire contact, Fig, 92-~this contact
connects ta pin 9 of PX3.




Ciose switch W a3 vou messure B
tween the white-wire contaer and
ground. And sdiust VR3 undl you get
your calculated AVQ {0.99 volt in our

~ - xample} 10 2 talerance of 1 0.020 volt.
gming e VRI wiper clockwise
increases the voltage,

The adjustment itself normally goes
very smoothly, But atl that math takes
time, Since yau must also figure out the
correct woltages for the other adjst
ments, a pocke! calculator becomes a
valuahle special tool.

THE GAIN ADJUSTMENT

The qain adjustment VR Gain, Fig.
82, sers the output of amplifier ARS.
In checking the gsin, you must measure
the response at twodifferent light levels.
You then adjust the gain for the proper
ditference bebtwveen the two output.

But you don’t meagure the gutput of
ARS. Rather, you measure the ouiput
of ARY. At AR1, the exposure-contesl
system  takes into comsideration the
shutter speed, the film speed, and the
tons’ maximuam spertura. You can check
the ARY output atthe AV contact, Fig.
B1.

There's ane probiam in mamuring
the gain-ambient light gills onto the
photocetl, affecting the response {espe-

‘aity 3t the lower Eght level]l. So you
L st dhieid the photocetl from light
Here, it's admost essential o make a
“dummy”’ 10p cover that you can use
for making the adjustmmeets.

Canon doesn't supply the dumemy top
cover ;s & special wol. But you can
make your own quite easily out of a
replacement top cover {fortungtely,
the replacement top covers aren't foe
expensive}, Just cat a slot on one side of
the pentaprism  “hump™ to provide
access 1o the variable resistors. And cut
away the wingl-lever side of the top
cover~that sliminates having o remove
the wind fever and speed knob when in-
stalling the dummy top cover. Canon
alzo recornmercls putting a cloth “flap™
over the resistor cutout. However, you
can simply cover the cutout with your
finger whett you're taking a reading,

There's still the problem of reaching
the AV contact, Fig. 81, when you have
the dummy top cover innatied, Canon’s
sofution is to simply solder 3 wire 1o the
AV contact, Fig. 93. Then, run the wire
through the resistor eutour as you install
_the dummy top cover, Fig. 54, You can
 Dw make your measurements between

e wire and ground {any metal portion
of the camera).

Wihven making the gain adpstment,
your shutter speed serting and filme-speed
setting aren't important. However, in

i Figure 92
| Notice how we've used the small white the varisble resistors, sllowing easy &-

“TEST WIRE SOLDERED
\ TO AV CONTACT

Figure 94 Dummy top cover installed.
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the other adjustments, youll need a
fitmyspeed setting of ASR 100 and a2
shutter-speed setting of 17125 second.
S0 vou can set the speed kiob to these
fettings now. Then, you wont have 10
change the settings for the adjustments
that follow the gain adjustment.

Again, you must start with a cal-
culation—what your gain should be
depsnding on your Ve voltage and your
two light levels. tse the foltowing
formaula:

Ve X EVRANGE
18

The EV range depends on the dif-
ference Detwesn your two tight levels.
For exsmple, sippose vouTe using
Navional Camers’s Autolumen—~CV or
Comparstumen. You can make one
meaturerment at the £/18 light level. And
you can rmake the other messuremeant a1
the 1/2 tight tevel. That gives you & dif-
ference of § EV's {or & brightness values).

But you dont have to use Nations!
Camera test equipment. Whatever fight
source you'rs now using should do the
job. Just put the EV range of your light
source into the formuta. The grester the
EV range, the greater the accuracy of
your sdiustment.

As an examiple, scsume agein that
your Ve voltage is 1.2 volts. And your
£V range & 6, 2 difference of § EV's be-
tween your high-light level sad your lows

3,; Xé=0450

The difm betwesn your volusge
reading st the high light level and the
voltage reading at the low light levet
thould then be 0.450 voit.

So measure between the AV wire and
ground a5 you exposs the lins 1o the
high-ight jevel. Andracord your reading.
Then, record your reading at the fow-
light level. Subtracting your second read-
ing fram your firsy reading should give
you the calculated voltage differsnce—~
0.450 volt in our examgple.

Again, you arent ¢oncermed with
what the voltages are at those two light
fevels—you're just concerned with getting
the proper difference between the two
readings. Fig. 35 illustrates what you're
wwally setting, aga# tting the Compar-
alumen as an example. At the /2 light
fevsl you get one voltage. You get a
higher voltage {more pasitive) at the £/16
tight fevel. By sdiusting the gsin control
VR Gain, vou're establishing the dif-

Turning the wiper of VR Gain clock-
wise increases the gain-increases the dif-
Each time you make an adjustment, you
must again take two separate readings

and subtract. Your tolerance is £ 0.012
volt,

THE AV LEVEL ADJUSTMENT

With your gain adjustimient, you set
the proper difference in AV's between
two light fevels. But you weren't con-
cerned with setting a specific AV level—
exactly where those lines in Fig. 95
should be. The gain controf just makes
sure the lines in Fig, 95 are the proper
distance apset.

Now it's fime to set the actual posi-
tion of the AV-—the proper voltage out-
put for a set of conditions. Here, you
it need one light tevel—EV 12 (the
56 light level on the AutoLumen.
1er poed 0 1/125 second, your film
spaad t0 ASA 100, and your disphragne-
setting ring to the automatic position.
You can then use the AV level adjust.
mmmmd\epmeiseheiﬂncfﬁmm
in Fig. 95.

VR, Fig. 94, provides the level ad-
justment. As you ¢an see in the sche-
matic, Fig. 42, VR1 affects the output
of amplifier AR1. So make your AV
voltage level measurement st the same
place at you made your voltage measure-
ments for the gain sdjustment—between
the AV wire and ground, Fig. 94

what the voitage should be. Use the

foliowing formuia for the 1/1.4 lens:
AV=45 Vg + Ve
16

wact a value from your previous cal-
culation. Calculate this value by the
formula:

{0075 (sperturs value ~ 1} }

An /1.8 lens, as mentioned eadiier,
has an apermire value of 1.7. So the
0.075 X (1.7 -1} =0.082%
if you're using the /1.8 lens, subtract
0.0575 from the value you obtained in

the first formula,
Let’s again consider an example using
& Ve of 1.2 volts, Putting 1.2 into the
first formuls, you get:
AV=45X12+12
16

AV = 153785

Rounded off to the millivolt, the
value becomes 1.538--that's the AV volt-
sge you want using the /1.4 fens. But
if you're using the /1.8 Jens, subtract
0.0525 from 1.5375, Our example then
becomes Y 485 volts.

Now, hold the lens against the /56
fight tevel {EV 12}, While measuring be-
tween the AV wire and ground, close
SWA. You shouid read your calculated

Yo

voltage within 0.020 voit. 1f you're out
of tolevance, adjust VRY. Tuming the
VR1 wiper clockwise increases the vols.
age.

THE COMPARATOR ADJUSTMENT

You've now completed your voltage-
favel adjustments. 5o you can disconnect
the voltmeter. But leave your dummy
top cover in place—it"s stilt possibte that
the disphragm isa’t stopping down to
the proper f/stop for the light canditions.

Comparatar CP1 controls the sttusé
disphragm closure. And variable resistor
VHZ, Fig. 94, affects the comparator’s
states. By adjusting VRZ, you can set
the actuai fistop pragrammed by the
fans.

In the previous adjustment, you set
the shutter speed to 17125 second and
the film speed to ASA 100. And vou
usad & light level of EV 12 At this com:-
tinstion, the disphrsgm should stop
down to £/5.8.

So #ft you have to do is relesse the
shutter while holding the tens 1o the EV
12 lLight level. If you're using & test
instrument that messures light transmis-
sion, ymmnmmmmmn For
tight u«mmen in npermre \mims. At
EV 12, a proper 1/5.6 has an sperture
value of AV 5. When vou relesss the
shestter, than, you should read AV 5 on
the AutoSystem-7.

And if you don't have an instrument
that measures light transmission? Then,
you can check the disphragm gpening
by using the visual test we destribed
epriier.

fn either case, adjust varisble resistor
VR2 for the proper disphragm opening.
Turning the VRZ wiper clockwise renuits
in ¥ larger aperture, counterciockwise in
a smatler gperture.

Earties, we mentioned thst AE-1
owners sometimes notice s differance in
exposure between 5 manusily set sper-
ture anct the same aperture programened
astomatically. If thet's the case, VR2Z
may be the oniy adjustment you need,

Using VR2, you can “fine-tune” the
canera—set the sutomatically program-
mied f5t6p 10 match the manually set
fistop. For example, assume again that
you're using the AutoSystem-7. Adjust-
ing VR2 for an aperture of AV § is cor-
rect as far 3s the instrument’s concerned.
Yat the manually set /5.6 may not be s
perfect AV S—some light is lost through
the lens system.

So you can set £/5.6 on the diaphragm-
setting ring. And note the aperture-value
reading on the AwtoSystem-7—the read-
ing will normatiy be stightly less than

é/d!‘




AV E. Then, set the disphragmesetting
ring fo the gutomatic position. Adiust
VR?2 until you get the same reading.

" "HE GALVANOMETER

JSJUSTMENT

Theres only ooe SXDOSUE-CORTIO!
adjustent [eft—the galvenometss »&3-
justment. You've adjusted the diaphragm
10 3top down properly socording to the
tight conditions. But the galvanometer
may not be indicating the same fictop.

Remember that the galvanometsr
provides only an indicator—{it has nothing
w do with sctually programming the
aperture. Yet, for the photographer’s
sake, it's stilt important that the gak

A1 the settings you've been using, the
caners: programs 1/5.6, So the exposire-
metes needle should read /5.6 on the
focusing screen. Close SW1 while you're
holding the lons agaings the EV 12 light
evel. Looking through the finder, check
the needie indication.

If the needie isn't reading 1585,
yoi:'H hiave to pull the dummy top cover,
Then, use 3 spener wrench to rotate
the gelvanometer houting. Turn the gal-
variometer housing until the needle reads
£/5.6 xt the EV 12 light leved.

'EMOVING THE FRONT-PLATE/

~AIRROR-CAGE ASSEMBLY

You've seen thet replacing an IC
requires a delicate touch with the solder-
ing iron. For that matter, s does further
disassembly. TO remowe the front plats,
you must unsolder severs! wires from
the flax Circuit.

In the AE1s we've seen, the wire
color coding hes been very comsistunt,
But, as slways, be on the alers for varia-
tions, We'll note the standard color codes
during disatsembly. Yet you never know
when someone has replaced 3 wire with
one that has 3 different color code.

Most of the disassembly problems,
thougl, resuit from using 100 much heat,
It's pretty easy to damage the flex cir
cuit. Some technicians prefer tn use
around a 47-wart soldering pencil~
that allows them to get on and off the
solder joint very fast. However, unless
you'te & rést whiz ot spldering, you
should use a smaller soldering pencil—
around 27 warts,

Also, you must be careful to avoid
burning the wire insulstion—especialty
Lene right 1o the flex-circuit land, Fig.

s

“gs, i you burn the insulation, youll

hiave & bare section of wire extending
from the land--that could caute shorting
problems. You can use your tweezers 1o
hald the wire against the iand while

you're making the solder connection,
But keep youe tweezers quite & ways
from the solder joint. Then, there's luss
chance of burning the insulation.

Angther critical point on soldering
thess wires—the wire should lie in con-
tact with the fand, Fig. 97. And the
solder should flowe over the top of the
wire {as indicated in Fig, 97} 1o hold the
wire in place. You don‘t want a big
glump of solder holding the wire away
from the land, Fig. §8. That could
give you problems with poor electrical
connections.

VOLTHGE AY Ev I8
AN LIGHT LEVELE

| Figure 95

END VIEW

Flgure 97

END VIEW

Figure 98
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The main problem peaple haee i
working o the AE-1 results from poor
solder fjoints. Remember, you're dealing
with tiny voltages and currents. 5o the
additional resistance introduced by a
cold solder joint can cguse a complate
faiture, If something fadls 10 work prop-
erly gn resssembly, check first the
sofder joints of the wires you had to dis
connect and resolder.

Using @ liguid soldering flux, such &
1544, can reslly improve your solder
joins. Just apply a drop of the flux 1o
the circuit-board land. Then, solder the
wire in place. The louid flux cleans the
solder joint as its burned off by the
soldering iron. And you'll get a bright,
shiny conmection.

With those precautions in mind, fet’s
proceed 1o the removal of the front
plateimirrorcage assembly, When would
you have to retfiove this assembly? One,
1o get 1o the shutter. Also, yvou'lt have
to remove the Front-plate/mirroecage

assembly 1o reach the diaphragm-sensing
resistor and the diaphragm-control elec-
romagnet. BEarhier, we've described how
you can troubile shoot these components
without pulling the front plate. Yet, 1o
replace the components, youlf have 1o
remove the front-piate/mirror-cage
asiemnbly.

Canon recommends remaoving the bat-
tery before doing any soldering or un-
soldering. Then, unsolder the purple
wite from resistor RBY, Fig. 99, The
other end of the pumie wire connects
1o the preview switch on the front plate.
And unsolder the white wire from the
functinnal-resistor  circuiet board, Fig.
100-this is the wire that goes to the
backlight switch on the front plate.

There's one problem in disconnecting
the white wire~theceramic circuit board
for the functional resistor fikes to s0ak
up heat. The circuit board then tends to

draw the heat away from the solder joint

faster than the solder will meit. Heres

one place 3 targer soldering iron {around
47 watis] comes in handy.

Yau can now uansofder the three
vares—red, black, and gresn—from the
front of the flex circuit, Fig. 101, These
wires, youti recall, come from the dia-
phragme-control electromanpnet and from
the auto-manual switch {green}.

Alio ursolder the red galvanometer
wire that hooks 1o Rch on the flexible
circuit board, Fig. 102. The galvanc-
meter wire sometimes passes under the
resistor—that makes disconnecting the
wite a little more difficuit, But you
showdd have no trouble locating the gat-
vanometer wire; it's a larger wire gage
than are the other wires in the aied.

The other five wires youll have to
unsoider come from the diaphragm-
sensing and maximum-aperture resistors
on the side of the mirrar cage. Unsolder
the orange wire from the flex circunt,
Fig. 102. And unsolder the red wirg
from the VA3 land, also shown in Fig.

\ 41“” -
« S RED WIRE

4 ~ FROM
~ Sy VR AVO
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: 4 ﬂ"%
= RED GALVANOMETER
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Naxt, uranider the white wire from
the fiex gircwtt, Fig. 103, And unsolder
the green wire from the functional-

" sistor civcudt board, Fig, T04. Notice

«at 3l the wires you're now disconnect
mg pass through the stor behind the
galvanometer.,

The fast of the five wires & the
toughest 10 unsolder—that's the blae
wire coming from one end of the dia-
phragm-sensing resistor VBav, The blue
wire connects to a flex-circuit fandthat’s
aslmost hidden by the resistor circunt
toard, Fig. 105, Be sure you unsbider
the right blue wire. In some variations,
there's another blue wire connected right
next to the one you want.

H vou hove two blue wires, nolice
that one passes over the top of the resis-
tor circuit board. Don't unsolder this
wite-it connects pin § of PX3 10 the
Mgl elecyomagnet through the flex
circuit (in other cameras, a bare wire

pawing under the resistor circuit board
makes the connection}. Hather, unsolder
the blus wite that connerts 1o the land
cleser 10 the back of the camera. That's
the wire passing through the slol with
i sther four Mirror-cage wires,

You should now have five discon-
nected wires passing through the stot
behind the galvanometer. To facilitate
resssemnbly. it helps 1o twist the wires
together a5 shown in Fig. 106,

DISCONNECTING AND TESTING
THE LED'S

in Fig. 106, you can see the tolder
connections for the viewfinder LED.
The LED leads pass through holes in the
fiex cireuit. And, since the LED's stay

remove the solder from the leads.

The two connections closer 10 the
frant of the camera are for the manual
LED {the LED that fiashes when you're
sat to & manual flistop). And the two

connections closer 1o the back of the
camera are [or the underexposure LED,
Since you can now wee the 1 ED contacts
in the iHustrations, this nught be an ap-
propriate time to describe some test
procedures.

Suppose that one of the LED fails
to flash. The problem could be in the
circuit. Or you could have a bad LED. If
the manual LED isn't working, thera's
most hikely 3 problem with the suto-
manual switch. So use your ghmmeter
to check between thedisconnested green
wire, Fig. 101, and ground. You shouid
read & short—a direet connection. But
when vou push in the auto-manual pin,
yoii should rexd an open circuit.

Your ghmmeter test tells you whather
or not the sutomonual switch works
properdy (if it doesn't, you'll have w0
remove the front-plate/mirror-cage
assembly). To check the LED's, though,
just replace the batery. Using 2 volit-
metwer, you should then read the full

. 4PX3
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Baitery voltage at wish LETE

Weswere betwees grouml gng the

manua-LED mad flosiy 1e e drant of
the camara-<you should measurs 6 volrs
without slosmg. the  eelease-bution
switches, You should ako meswre 6
wolts gt the urmdetexpoiure-LED fead
¢loser 1o the back af the camers, Fig.
106, 1fyou dont get 3 rending at these
o caﬂneﬂ’lmns YR ggmdenﬁy have &
frreak v the (lex crguin,

To test the LED izelf, just short the
negative -LED lead 1w ground, Fig. 107.
The LED- should gia’s& steadily ing fiach:
ing because you're bypassing the oseil-
fatorl. if the LED doein't glow =yet you
measure § volts a1 the positive lead—vau
evidently have a bad LED. You ean
replace #ither LED individually, Bur
that's easier 1o do with the mirrar cage
removed.

COMPLETING THE FRONT-PLATE
REMOVAL

As mentioned earlior, remidving the
front-plate/mirrcrcage  assembly 2o
guires disconnecting the LED ping from
the flex circuit. Here, vou must be espe-
ciafly careful 10 avoid damage. Applying
too rmuch heat when you pull the solder
can damage the flex-ireuit connection,

You can remove the solder from the
LED pins by using a soldeér-removing
wol. But i’ usualty batter to use de—
soldering ‘wick. - Most solder-remew

100is have refatively farge- tips—100 L large ’

for such cramped quarters,

So iise the desolderingwick ta remove
the solder from aif four LED leads. Fig.
108 shows the LED teads afrer removing

the solder. Notice hiow the LED leads

pass theough the circuit-board holes. As
you remove the from-plate/mirrorcage
assembly, yeu'll have to lift the Hex cir-
curt over these leads.

You do need some play i the diex
cirguiy 1o c:teasr the LED lewds, Soremove
the gmuné coNtact shows in F;g 106,
The screw Mwmg the L%hmw ground
;mme CONTHC TS :hcﬂgxesrwnr 10 gegind,
Earlier camerss may not have the
ground plate—there may just be a washar
under the screw for the ground contact.
And soms cameras have a washer under
the Lshaped plate.

Now, remove the other section of
frant-piate leatherette, And cock the
shutter—that usualiy makes it easier to
rermove the mirror cage, Take out the
twao Mirrorcige srews by the cyalens,
Fig. 108, and the five fronh-plate siews
at the front of the camers, Fig. 1 10

Natice the  different shapes of the

“front-plate serews, Fig. 110, Two of the
screws hBave siorted {rather than croms-
pointl hesds~ihase are shoulder serews

MIRROACAGE SCREWS

Figurs 109

4y
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Fiogure 112

which hetp position  the front plae
Alsg, the scrow thal gaes o the Cavity
balowe the lens-mounting tng s (he some
25 the Two sCrows yaou removed Brom she
back of the camera.

fr's still a fivtle wricky o emove the
front-plate/mirror-cage  assemnbly.  For
ane thing, there's nothing to hold on 1o
So you might try openimg the battery
compartment—thst gives you a “hanilie”
1o grasp. Then, with a fntle manipuls-
tion—and being extremely careful 1@
avoid catching the flex circuit on the
LED teacdk-lift ot the fiontplate/
mirror-cage assembly, Fig. 111,

CHECKING THE SHUTTER WITH
THE MIRROR CAGE REMOVED

Before replacing the mirror cage,
vour'lt want to check the shuiter opers:
tion. 1 woulkd be 2 shame to replace the
mieror cage, respider all the wires, and
then find that the shutier doesn’{ work,

To check the shutter replace the bat-
tery and the ground-contact screw, Fig.
198, Then, cock the shurter (ai this
point, the shuuer should shready be
cocked since you removed the mirrgr
cage in the shutter-cocked positian).

- Now, push down the reltase-button
swritches SW1 snd SW2—the armature of
the combinstion magner Mg2 should
spring away from the core. This action
normatly releases the mireor,

But with the mirror cage removed,
there's nothing for the armarure 10 ré
leate, Plus, there’s nothing 1o push the
closing-curtain armature against the core
of Mg3-the mirror-tensioning lever on
the side of the mirror cage normally
charges the Mg3 armature. S0 use your
toveezers t0 push the Mgl armature
against the electromegnet—the electro-
magnet should hold the armature mag-
naticsily. And release the shutter by
piushing the opening-ourtain latch, Fig.
112, toward the back of the camera.

The openingcurtsin latch bLoth re
leates the opening cuftain and opens the
capacitor-sharting switch. 50, 10 get the
shutter to time out st the different
speads, you'll have 1w hoid the opening-
curtain latch depressed for the full éx-
posure, If you don't hold the opening
eurtain lach depressed, the shutter will
hang open, Why? Because the capacitor
shorting switch remains closed and the
timing capacitor can't charge.

Continued next month,
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OPERATION OF THE MIRROR CAGE

You may have heard that the sophis-
ticaled circaitry in the AE-1 sliminates
arciund 300 mocharscal shuter parts. At
first glance, it now looks iike Canon put
all those parts on the mirror cage,

But complex though it may appear,
the mirror Cage comes apart in modalar
chunks, The three mechanism pfates are
modular ubits — they simply attach w
the sides and bottom of the mirror cage.

At the bortam of the mirror cage, Fig.
113, you can finally sez the disphragm-
control electromagnet Mg1. During the
cocking cycle, the post on the charge
lever, Fig. 114, drives the mirror-cage
cocking lever from left to right, Fig. 113,
That tensons the mirror cage. And it
simuftaneousty  pushes the armature
agsingt the disphregm-control elecuo
magnei, Fig. 113,

Here's the place to expect a problem
if the diaphragm doesn’t stop down —
sven when you shorr the negative Mg
lead to ground. There could simply be
dirt betwsen the ammature and the com
of the electromagnet. Or dirt may pre-
vent the armature from pivoting freely
on the armature lever.

Check 2iso to assure that the arma
ture contacts the electromagnet when
you tension the mirror cage, Fig. 113.
i the armature-charge iever fails to push
the armature far encugh, vou'll e 3
space gap between the armature and the
electromagnet’s core. The electromagnet
doesn't have enough strength to actually
pull the srmature against the core — it
just has enough strength to hold the
armature, So the armatsre releases im-
mediately. And the diaphragm doesn’t
stop down. ‘

- fry that case, you may have 10 loosen
the two brass screws and shift the poss
tion of the electramagnet Mgl, Or vou

b



miay huve 1o reform the areasture-charge
evpr, Fig, 133,

You can release the mirror by swnu-
{ating the zction of the MgZ combinstion
magnet. A post on the Mg?2 armature

" ses through the body casting, Fig,

.. When My2 releases s armature,
the pns:.smkes the main release lever,
Fig. 115 o

So push the main relesse lever toward

the hatk of fhe mirrgr cage. The esifros
shoulg then rise 1o the taking position.
And the Mg 1 anmnsture should jump away
from  the diaphragm-contral  slectro-
magnet. Why? Because there’s no current

“Hlowing through tve Mgt coil.

Pusring the main refeass lever dis-.
erigages the main lach, Fig. 113, The
springloaded mirror-cocking lever then
shoots toward the back of the mirror

mm;::tm LEVER
M{RROR RELEASED

MAIN RELEASE LEVER

cags, Fig. 115 A pawl attachad to the
mifrarcocking lever engages o b on
the diaphragmecoging lever. Conse
quently, the mirrgrcocking Isver carries.
the d;aphragm-ciwng tevar e a counter

glgekmm direction. And the dzmmgm«
cigsing lever, seen from the front of the
mirror cage, moves from right 1o feft.

The irror-cacking lever sctually has
& rumber of jobs. Besides carrying the
diaphsagmeclosing Iew:f it both 1ensions
snd releases the mirror, During the cock-
ing cycie, the mirror-cocking lever pushes
the mirror-tensioning lever toward the
front of the mirror cage, Fig. 113 apnd
Fig. 116, The tensioning-tever tatch, Fig,
116, then latches the mirror-iensioning
iever.

When yoil trip the main release lever,
the mtfrbrawddng lever ﬂm’z towsrd the
mirmr«cuckmg l‘cur then ﬁnkes e
tensioning-lever latch, an. 15, ’t’hat
frees the snnng-iaaded mmliemmmny
fever, .

' Now, the mirror-lifting spring, Fip.
118, drives the mirrortensioning lever
in 8 clockwise direction, The mirrordift-
ing lever sis right sbove the mircar.
tensioning lever, Fig. 116. rm isfum}
lever larch, Fig 117, attachied to the
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mirror-ensioning  lever, engages  the
mirrar-lifting jever. So  Gwe mirror
tensioning Jever carries the rnirror
tifting lever clockwise. And the mirror-
fifting lever comes against a post on the
" "eras bracket, Fig. 117 - that's what
it the mirror 10 the taking position.

The mirrgr remgins in the taking posi-
tion as fong as the tiftinglever latch
engages the mirrortensioning lever. it's
ug 1o the einging cuftain to return the
mirror after the expogire.,

Loovking in the camers body, you can
see the part that returns the mirror — a
tab on the closingcurtain brake, Fig.
114, When the cloting curtsin orossss
the aperture, its wind gawr strikes the
closing-turtain brake mechanism, And
the tab shown in Fig. 114 jumps roward
the feont of the camera.

The closingcurtain-brake tab then
strikes the micror-return lever, Fig. 157,
That deives the mirrorseturn lewer w-
ward the frort of the mirror cage. And
the mirror-return lever actuates a link
which disengages the lifilnglever laxch,
Fig. 117,

Now. the mirrorlifting lever can
retuin: to its rest position. So the end of
the mirrordifting lever moves away from
the mirrordracket post. The mirror-
return gpring {inside the mirror cage and
not yet visible) then returns the mimror
. theviewing position.

. Notice that & gear ssgment on the
mievor-difting lever engages an inertia
gesr train, Fig. 117, Like the air pitton
in the Clympus, the inertia gasr train in
the AE-1 dampens the mirror action.

As you operate the mirror cage, you
may also notice that one lever seemns to
be doing nothing ~ that's the opening-

curtain striker, Fig. 117, The opening-

ourtain suiker i the part that sctually

releases the opening curtain. Bur it:

necessary to charge the openingcurtain
striker during the cocking cycle.

Check the sction byy first cocking the
mirror cage. Then, push forward the
OPeNing-curtsin striker — unti! the open-
ing-curtain - striker is ktcb:d bv the
siriker tstch, Fig. 118, -

When you now releste the mimor
cage, the mirrortensioning lever strikes
the striker tateh. 5o the steilcer latch dis-
engages the springloaded openingcur.
win striker, And the openingcurtain
striker fires foward the back of the
mirror cage 1o disengage the opening
curtain latch, Fig. 114,

. What part charges the opening-curtsin
nker? s whe strikercharge lever in
.- shutter mechanism. The stiker-
charge lever sits just beneath the open-
ing-curtain latch, Fig. 114. Right now,
the striker-charge isver teems to be fioat-

ing freefy in the shutter. Bul during the
cacking cycle, one of the turtsin-wind
gears cams the striker-charge lever for-
ward — against the opening-curtain
latch.

THE AUTO-DIAPHRAGM UNIT

The most unise part of the mirror
cage s the module on the other side —
the auto-disphragm unit, Fig. 119, Here,
you can see the diaphragm-sensing resis-
tor VRav. When you cock the mirror
cage, the end of the mirror-Cage cocking
tever cames aganist thie wiper-reset lever,
Fig. 119, That's what resets the suto-
diaphragm unit.

That VRav resistance band shown in
Fig. 119 can be one of the main trouble
areas in the AE-1_With the lens removed,
there’s sn opening for dirt to reach the
VRav resistor. Then, a5 the brush moves
along the resistance band, the dirt ¢an
weear tiny breaks — bresks you can hardly
see.

As mentioned earlier, a problem with
the VRav resistor normally causes the
diaphragrm to stop down fully every
time, Or, it can give you erratic dia-
phragm operation. We siso described
how you can check the VRav resistor
without pulling the mirror cage (messur-
ing to the orange wire, where vou should
read from around 1.3K 1o around 300
moves down).

You can alse check the diaphragm-
sensing resistor with the mirvor cage
removed. Hook your ohimmeter between
the orange wire a3nd ground {any metal
part of the mirror cagel. With the mirror
cage tensioned, the wipar lever should
latch on the top s1ep of the wiper-fever
latch, Fig. 120. The brush that moves
along the resistance band should now be
nearly out of view at the topofthe VRav
resistor. Heve, the brush should not be
touching the resistance band.

So you should ure an Open —
no continuity between the orange wire
{attached to the resistance band) and
ground. Then, push in the stop-down
jever. And move down the disphwagm-
setting lever. The resistance should
smoothly decresse, from infinity to
sround 1.85K as the brush reaches the
bottom of its travel, Fig. 121.

H that resistance changes erratically
- or if you: measure an open throughout
the movement of the diaphragm-setting
lever — you'll probably have to replace
the resistance baed, You can get the cer-
amic circuit board with the printed resis-
tance barvd a5 2 replacement part; it's bot
necessary to replace the entire mirror-

H49

cage panel containing the &noddis-
phragrn unit.

In nomal operation, the sprng
loaded diaphragm putls down the dia-
phragm-setting lever. Releasing the
mirror Causes an extention arm of the
main telease lever 1o come against the
wiper-tever latch. That pushes the wiper-
fevar [atch out Of engagement with the
wiper lever. The wiper lever can now
move down, carrying the brush along
the resistance band, as the disphragm
closes,

A gear segment attached 1o the wiper
lever turns the three gears on the side of
the sutodisphragm wunit. The last of
these gears is 3 ratchet gear, And the
pawl for the ratchet gear is part of the
Mgt armature, Fig. 120,

So the diaphragm. can continue clos-
ing as long as the Mg! elecuwomagnm
remains energized. Mgl then holds its
srmature, keeping the pawl disengaged
from the rarchet gear.

Once the digphragm-sensing resistor
VRav reaches the proper resistance
value, Mgl releases it armature. The
pawl end of the armature then drops inta
engagement with the ratchet gear, Fig.
121. That arrests the gear train, stopping
the wiper lever. And the wiper lever
stops the disphragm-setting lever at the
praper diaphragm opening.

ADJUSTMENTS ON THE
MIRROR CAGE

Earlier, we mentioned the overtravel
of the diaphragm-gecting lever, {Remen-
ber, you checked this overtrave! before
disassembling the camera.) The adjust-
ment for the overtravel is the eccentric
on the wiper-resat lever, Fig. 119.

Try holding the mirrorcage cocking
jever in the fully advanced position.
You should then see 2 slight space gap
between the wiper lever and the top
stop of the wiper-lever fatch, Fig. 122,
This space gap. specified by Canon as
0.50mm, represents the overtravel tha

Figure 127



demites prope engeement. T mfjus
she mmxa«gi Fesr foosee the fock serw
no the wiggryeset lever, Fig. 119 Then,
1urs the ocoentric,

There’s also an ecceniric g the Mg2
armature, Fig. 121 When the disphragm.
control electromagnet releases s yrmo-
e, 1he spring-toaded srmature-control
lever comes against the secentric post
The armature-control lever then drives
the srmature away from the elecrromag-
fner ~ and simutianesusly briogs the
paw! end of the ammatire into engsge-
ment with the ratchet gear.

Tf’té' Mius:mmt i fo? thé m gap
the mnmc whm tfﬂs mamrev ns
mechanically  latched, Just push the
armature againg the sleciromagnet —
until the armature latch, Fig, 115, halds
the armature. Then, check the space gap

betwoan the eccenwic and the side of

ithe aemature-toritrol laver,

Canon specifies the space 9ap 23 0.05
~ B30 mm, Fig. 123, 8ut it's a pretty
tough clearance to mitssure, For that
matigr, it's even hard to sex — the spring
that hooks 1o the eccentric post isin the
Wy,

There's one otber test Canon recom-
mends - Count 1He oumber of rotastions
miage by the earchet gedr during the
cocking Oycle. Here” you must install a
ters, Then, release the mirtor cage. And
push the armature pawd and wiper-tever
fach out of srgagement -~ that Sliows
the diaphssgm 10 sop down. 16 tha
smaliest Hstop.

You can now make a scribe hng on
the ralichel gear — that makes i easier
1o count the rotations. Siowly cock tha
MUreQr Cage. And count the number of
turng made by the sratcher gear. Stop
counting when the wiper fever iatthes
on the top step of the wiperdever latch.

if you have the /1.4 lens installed,

the satehet gear thould make Gcompiete

mms plus 8 teeth, With the £11.9 leng,
she ratchet gear should make 6 compiete
urns plus 4 weeth, An mnt(ic uncher
the wiper-lever latch provides the adjost-
fent point.
So far, we've just talked abiout the
1op siep of the wiper-tever latch. What

-about the second siep? During normal

operation, the second step, Fig. 122, has
no role. But it allows you o reset the

‘auto-diaphragm unit after previewing

Eae leparts oot Tkt

Hempemthar, you tan’t check depth ot

Fiokd when voy e w01 1o e Juromatic
oL, ‘fqu msist fesr wen the dsa
mfagmvseztang ting 10 3 manual 1510
With the shutter cocked, the. mwi xzm}
of the Mgl srmatiore remains _é:sesgaged
bhom the ratcher gear. So. when youd
push in the wopdown lever, the dia
phragm closes to. the 1/ston vou've st
The stapdown slide on the back of the
frant plate . pushes forward the man
relegse laver. That disengages the wiper-
fever latch, aifowing the diaphragm 1o
‘close.

Fig. 124 -shows the auto-diaphragm
UMY datﬁngagﬁi Here, we've instalied 3
fens set o a manual iision. And we'ee
-pushed in the stop-down lever,

Figure 123

Figure 124

Figure 125
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Thy nex? LNME ¥&U cock the shutter,
the au%ﬁdrzghragm gt will a0Temat-
wally reser. You've seen how =~ the
mirrgr-cage cocking lever pushes the
wipnrreiet iever toward the trant o4 the

era. But thae shutter” s already cocked.,
,.,.,asequeﬂﬂy. you st relach the
wipor sver o get ane automaticatly pro-
gramined gpecture.

Just set the largest aperture. As you
set larger apertures, the wiper lever
moves up. Armd, 2t The largest aperiire
setting, -the Wwiper lever latches on the
yecand step of the wiperdever latch, Fig.
125. You can now turn the diapfwagm-
setting ring 16 the RIGMEtE potitian
angd get an automatically controfied
f/3t0p.

REMOVING THE MIRROR-
CONTROL UNIT

As we indicated eartier, the mirrar
cage comes apart in modultes. So its not
as difficudt 1o service as it may st first
appdar. You can remove dny of the
panels without removing the other two.
Buv the sequence we'lt deseribe is prob-

&bw the easitst if you're taking the

Mo Cage comphitely apart.

Qtartiag with the mirvor<control unit,

. W fint disconnect the mirror-return
ity That's prabably the toughest
stepr. You can see the mirror-retucn
spring from the froni of the miror-

cage — the fong end of the spring hooks

16 the top of a post next to the mirror,

Thﬁ. shart end of the mirrorreturn
spring hooks under the top edge of the
mirror cage. And s this short end you
want to disconnect. From the back of
the mirror cage, peei back the nm
end of the thin metal light wap, Fig,
126. You zan now sod the mirrar-comm
spring.

A slot in the mirror cage provides
“ciesrance for the mirmeretira : sering
Reach under mwpadge of the mircor
cage and grasp the short end of the
mireor-rehrn pring ‘with your twegzers.
Then, bring the short end of the sring
throtgh the clesrance ot

‘in Fig. %ﬁmmmmehmhmg
ot thi left-hand mirrar pivot. This bush-
i takes up the latersl play in the miror,
And it'tl be loose onoe you remove the
mmw-ﬂmttﬂ unit and the mirror. Sa,
wher; remowng theé mirror-contral unit,
vou frave three loose parts to warch fof
C he hushmg, the mtrrorreturn an,
the mirror itsedl,

Now, discannect the - mirrar-lifting
sprirg. from the mufor*{mmﬁg iever,
Fig. 127, Ang remove the mireordifting

4

jza

spprieyy SFOM the mareor cage (the bther
end of the spring hooks to a mirar-cage
tabj. Push the mirnor-tensioning iever
farvard o the latched position. A clesr-
ance hole in the mirror-tensioning lever
then allows you to resch one of the
thiee serews holding the mirrge-control
unit..

LIGHT TRAP %5
PEELED BACK "=~

Fgure 126

MIRROR LIFTING
7 SPRING




‘ mz,'“ww o tree g poined ot
it Fig, 127 Ther 1ty thé miirrorcontrol
wuit fmm ﬁm m:rrw‘ cage, Fig. 178 And
By ot the mronrefurn spring, the
mirrgr, and the loose bushing,

A1 the pther side of the mitror-con-
trot unit, vou can see the mirror-angle
eccentrc. The eotentric controls the 45°
angle of the mirror, Howaver, it doesn™t

ke gy dissssembly 10 reach the ac
centric: Just open the camera back arud
hold ppen- the shutter on “bulls.” You
can then rdach through the tack of the
mrror cage to adjust the ecoentric,

Fig. 128 points oul the two party

you must align a1 you replace the mirror

control unit. Make sure the lower end of

the lifting-lever 1atch sits to the back of

the mirror-cocking levar. The mirror.
cocking Jever must disengage the ifting.
tever fatch tn releasa the mircor,

Alsa. make sure thé long return link
on the side of the mkﬂéi‘vt(m!ral unif
sits 1o the back of the pawwesmgagmg
taver, Fig. 115, When the closing-curtain
tirake strikes the mfror-return lever, the
retuen Hnk strikes the pawd. d;sengagmg

MIRRORCONTROL UNIT-

Figure 129

PANEL SCREWS

Figure 130"
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iever. The pawbdisengaging lower then
pushes the disphragmeclosing pawl ouat
ot engagement with the disphragm-
ciosing lever. So the fpring-loaded dis-
phragm-glosing fever returns 1o it poe-
T position. And the disphragm reopens

e largasy F/109.

REMOVING THE AUTO-
CONTROL UNIT

For most mirrorcoge repairs, you
may only be removing the suto-control
umit, First. 1ake out the three screws
holding the ato-conirol unit fo the
mirror coge, Fig. 129,

Now, there’s onty one trick to remov:
ing the auta-control unit ~ you must
move down the diaphragm-serting lever
until it clears the mirror-cage slot, Fig.
130, Hold the wiperiever latch dis-
engaged from the wiper lever. And hold
the Mgl armature disengaged fram the
ratchet gesr. You cen then move the
diaphragm-setting lever 1o the position
shown in Fig. 131, And lif&t cut the auto-
control unit, Fig. 132,

¥ou can now see the two wires that
toanect the disphragme-sensing resistor
G the circuit. The arange wire conneets
directly o the VRav resistance band.
And the biue wire connects to VRae
* ~ugh a resistor — resistor RT which is

prirnted on the circuit baard,

- On the back of the auto-control unit,
iocate the two varisbie resistors con-
trolled by the maximym-aperture cor-
rection pin. Fig. 133. The maximum-
sperture correction pin (stil in the front
plate) comes against the lowerendof the
lens-sensing lever. And the lenssensing
lever carries two brushes slong separate
resistance paths,

Thetarper of the two varisble resistors
% V Ravo, the maximum-aperture-cormes-
tion resistar. Information from VRavo
goes only to the meter readout. But
informationn from the smalter variable
resistor, VR avg, goos to both the meter
readoit and 10 the diaphragm-closing
SYstam.

Fig. 133 ad Fig 132 actuaity show
{wo separale CHCUt boards — the board
containing the VRave and VRave rasis-
tance paths is separate from the board
containing the VHav resistance band,
And it's the board shown in Fig. 132
that you'lt normally be replacing. The
board containing the VRav resistance
band, Fig. 132, comes wparately a5 3
Z  ucement part,

A -ilhen you replace the auto-control
unit, make sure the Mgl armature, Fig.
133, goes 10 the front of the smature-
charge lever {on the disphyagm-closing

Rav
RESISTANCE

BLUEWIRE
CONNECTION

WIPER.LEVER
LATCH =

Figurs 132

VRwa mmﬁﬁmﬂé
CORRECTION




Figure 134

Figure 136

unit, Fig. 1340 And migke sure the
wiperdever batch, Fig. 132, goes 10 the
tront of the maicreleass lever, Fig. 134,

REMOVING THE DIAPHRAGM-
CLOSING UNIT

Befure removing the panel at the bos.
tom of the mirror cage, vou muyst free
two of the three wirgs cemented 10 the
back of the front plate — the red wire
and the biack wire that go to the dia-
phragm-control  electromagnet  Mal.
You can leave the green wire cemented
n place.

Right now, the stop-down slide, Fig.
134, partially covers the wires. You'lt
find it assier to reroute the wires if you
remonve the stop-down stide. Just take
out the iwo shoulder screws shown in
Fig. 134. Then, ift out the stop-down
slide.

Notice the routing of the wiret in
Fig. 135. Once vou'va freed the red wire
and the black wire, remove the three
screws holding the diaphragmeclosing
unit, Fig. 136. You'll have to manipalate
the levers s little 1o reach all threescrews,
It also takes a little manipulation to it
gut the diaphragm-closing unit ~ the
yprirned 1ab an the diaphragm<losing
' miust pass through the mirror-cage
stot.
One part is now loose — the maki.
mum-aperiure correction pin, Fig. 137,
In Fig. 137, you also have 3 godd view
of the auro-manual switch SW11, With
the lens rernoved, the wire blade of SWi1
touches the front plate — that connecis
the green wire to ground. But when vou
push in the E-M change pin, the wire
blade moves away from the front plare,
You should then measure an open cir-
cuit ~ no cantinuity — hetween the
green wire and ground,

Pushing in the E-M change pin also
swings the stop-down blocking lever, Fig,
137, in 3 counterclockwise direction,
The stap-down blocking lever then sits
in the path of the stop-down stide. That's
why you can't actuate the stop-down
fever with the diaphragm-serting ring set
to the automatic poasition.

As indicated earlier, you Can remove
the diapbragm-closing wnit  without
removing the other two panels. However,
thers’s then ane mare step wvolved.
you're just removing the diaphraam.
closing unii, take off the cemented plate -
undér the diaphragm-closing lever, Fig,
137. That gives you the clearance you
need for the upiuened 1ab.



DISASSEMBLY OF THE REMAINING
MIRROR-CAGE PARTS.

Yau can roach the two viswlinder

LED’s by litting off the plastic ring

T el the galvanomeler housing, Fua.

5. The twn LED's are just press-tit into
the pfastic ring, To check the LED's, you
-can use 3 DC power suppty.

Ger the power supply to 2 uolts,
Then, hook the positive power-supply
wad o the positive LED lead, Fig 138,
And hook the negative power-supply
lead to the negative LED lead. The LED
should giow.

" Toremove the peutapnsm disconnect
and remove. xhetwopeﬁuprmeuining
springs. Lift off the pentaprisim bracker.
Then, peel off the dust-seal tape ground
tha edges of the pentaprism. As you Hft
out the pemtaprism, watwch. for loose

WENTED PLATE STOP-DOWN BLOCKING
CEMENTED PLATE ‘ " BLOCH

Figure 137

WARNING LED

zum 1.?8

“shims on the ﬁds of the pentaprism
mount;

Yoir can now see how far in disas
sembly you'd have to go to reach the
“focising screen. What if 3 customier just Figura 139

wants you 10 clean the focusing screen?
You'd have 1o pull the frontpise/
miror-cage assembly — quite & job.
Fortunately, Canon does a good job of
sealing the focusing screen from dust,
Replacing the galvanometer move-
ment just takes a couple more stepy, Lift
out the focusing-screen mask -containiag
the diephragm scale, Fig. 139, And
rernove the prism assembly above the
galvanameier needte, Fig. 140 ~ two
pins on the bortom of the prisn amb!y
pass inds holes in: the  focusing-screen
frame. The two prisms, Fig. 140, route
tha light from the LED's 1o the focusing
Now, disconnect and remove the gal-
vanometer-clamping spring, Fig. 140,
‘And lift put the gelvanometer movement.
;; u removie the focusing screen frame, Figura 14D

£ 140, use caution — washers under
the caraers of the focusing screen frame
are used to admst the focus of the viewed

amag& ' S S
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REPLACING THE MIRROR CAGE

We describied removing the mireor
cage in the shutter-cockes! position. But
it's essier to replace the mirror cage in
the shutter-refeased position. So retesse
the shutter. And make sure the Mg?
armare is away from the Mg2 combin
ation magnet,

Alsa, you want the charge-lever post
all the way 1o the left in Fig. 114, Later
models of the AE-1 have 3 sprinig on the
charge lever — the spring pushes the
charge lever away from the combination
magnet, But if your camerya doesn’t have
a charge-lever spring, you'll find that the
charge lever now can float a skight dis.
tance. if the charge lever moves too far
1o the right, Fig. 114, the mirror cage
won't couple properly.

Sa it sometimes helps to tilt the cam-
era o vour left as you're seating the
mirror Cage. That prevents the charge
lever from moving toward the combin.
ation magnet. Again, if vou have s spring
on the charge lever, this step isnt
necessary.

The mirror cage should also be re-
teased with the mirror in the viewing
position. Twist the five wires from the
auto-control  unit together and bring
thern straight up. And position the three
wires at the front of the mirror Cage
{red, black, and greenl so they're point-
ing straight to the front of the assembly.,
You're then sure that youll be able to
reach 3li of the wires with the mirras
cage installed,

Now, clean the inside of the eyelens
and the back surface of the pentaprism
{it"s tough 1o reach these optics with the
mirror cage installed). It you repiacsd
the ground plate to test the shutier,
imiake sure you remove it again — remern-
ber, you need that play inthe fiex circuit.

Seat the mirror cage in the camers
body. Be careful of those LED feads -
make sure they pass under the flex -
cisit and through their holes.

Before replacing any screws, check
the mirror-¢age operation. Hold the
mirror cage firmly in position. Thaen,
advance the wind fever 10 cock the
shutter. Ratease the shurter by pushing
the MgZ armature away from the com-
bination magnet. If the shutter cocks
amd releases properly, you can replace
the serews and eesolder the wires.

GETTING TO THE SHUTTER

The shutter assembly comes out 352
maodular uril — even though 11 uses i
zontatly traveling cloth curtaing. There™s
onty one thing that™s tricky in romowving



e shutwae: geting he flew oroun s

ot the way.

Maybe 11'!& camera you're repairing needs

curtain replacement. Thatcan be a prerty
job — providing vou don’t damage

« flex circuit in the process. So we'll
describe the shortest, fasrest route to

removing the shutier — & route that
requires a minimiuns of unso&dermg Just
remember that it you put 190 much
siress on the flex circui, vuu‘ve turned
a1y easy repair into 8 1ough repair.
Set the speed kaobwmedmmbw
settings (“bu!h“ and ASA 3200, Then,
once again remove the wind Jever and

the speed knob. You‘te now ready to do

some disassernbly at the bottom of the
camers. This presents one problem —
you don’t want the cameras 1o lie on the
fiex circuir. With the mirror cage re-
moved, the flex circuit has no support.
And #°s very vulnerabie to. damme
So — don’t allow the camers to rest
on the flex circuit. That cancause breaks
in the circuit paths, One wick you can
use i3 to temporariy replsce the top
couer whenever you're working on the
botiom of the camera, Let the top cover
protect the flex circuit.
At the battom of the camera, unsol-
der the three wires from the Mg3 glectro:
‘maanet (two ved wires and ane black
1 Fig. 141, e very careful 1o avoird
demutmecting the: coil leads - especiatiy
it you have the eartier style elettro-
magnet.
The shorter of the two red wires
comes -from the battery compartment,
Soc you can now remowe the battery
compartment by :akmg out s two
screws, Fig. 142 — the red wire remains
at!whed 10 the positive termina, Warch
for the loose negative batiéry contact —
‘and for the two compression springs
unider the regative battery contact.
A smiahl compression spring sits inside
-] large compression -spring. Together,
the two springs provide the tersion for
the regative battery contact. And they
make good contict 1o ground {the cam-
era bodvi. Both smirm wilt be loote
once you pull the battery compartment.
Now, remove the tripod socket from
the bottom of the caners, Fig, 143. You
must also remove the charge lever.
Againy, i you have a tecent mode! of the
camery, there may be a OrHon-tyDe
mrmg:mm mwinﬂ*ndmofﬂw
charge tever — disconnect and remove
thi~pring,
nost AE-1%, the chargs lever hasa
snm ring at the rewind end and an E- ¥ing
at the wind-laver end, Fig. 143, (We'va
seen-othees with snap rings at both ends.}
Remove the E-ring and the snap ring. But

a3 you iift out the charge lever, watch
for & ivose cofier.

The collar sits over 3 post on the
undarside of the charge laver, Fig. 144,
When yvou cock the shutier, the charge
cam comes against the collar — that
drives.the charge lever from left to right,
pushing the Mg2 armature against the
cambination magnet. The collar comes
in different diameters 1o adjust the
throw of the chaege fever (how far the
charge lever moves during the cucksng

eyelg). Selecting the proper diameter is

a factory adjustmsnt. The onfy time
you may have 8 problem is if you lose
the coliar. Then, you may not know
what diameter 1o reorder.

Next. cemnve the screw holding the
wind coupier, Fig. 145. Canon normally

uses & locking agent on the screw — &
drop of acewone helps get the screw

loose. But the locking agent may also be
on the wind coupter. in that case, you'lt
find 1t tough to lift the wind coupler
from the wind shaft,

Both the wind coupler and the wind
gear, Fig. 145, fit rightly over the wind
shaft, Try lifting off the wind coupler
and the wind gear {vou most rumove

these parts to pull the wind shaft and

the shurter module). However, if the
wind coupler and the wind gear seem
toa stubborm, you can igave them in
place for now. TheyH came off more:
easily after you've removed the speed-
selector mhly,

For timing reference, note the pos-
tion of the charge cam (mounted 1o the
wind gear) in Fig. 145 Since the wind
shaft has two flat sides, its possible 10
replace the wind pear 180" cut of time.
Then, one of the three eharge-cam tobes
will be incarrectly msxtmneei

“The charge cam turns 1/2 ten with
each cocking cycte. So one of the three
fobes pushes. the charge lever against the

- Mg?Z armature. At the completion of the.

cocking cycle, a gap betweon two lobes
faces the charge lever. That sllows the

~charge tever 1o return 10 its rest position.

Figure 144

WIND COUPLER ___-




SPEED-KNOB COUPLER

Figure 148

YWhen you replace the wind gear,
make sure the shutter's fully cocked or
fully released. Then, seat the wini! goar
« a gap between two of the charge-cam
tobes should now be pointing toward
the center of the camoera. And if the
charge cam s 180° out of time? Then,
ane of the fobas points 1oward the center
of the camera. And the charge lever can
return after the cocking cycin.

That completes the disassembly ag
the bottom of the Camera, You can now
remove the top cover {if you used it to
protect the flex circuit].

REMOVING THE SPEED-
SELECTOR ASSEMBLY

# you now lift off the speed-knob
coupder, you'll lose the initiaf tension on
the functional resistar, It's no masior job
to replace that initial tension {we des-
cribed the procedure earlier). But vou
can save time if you don'y aliow the
functional resistor to unwind.

Yet you stitl have 1o get the speed-
knob coupler out of your way. Formun-
ately, there’s a convenient “wick™ yvou
can use. Lift off the speed-knob coupler
without disturbing the normal routing
of the coupling tord around the eye
piece pulleys. Then, bring the ipeed-knob
coupler to the gpposite end of the cam-
era. Let the tungsten wire pass over the
1ops af the tTwo upper eyepiece pulleys,

Now, seat the speed-knob coupler
over the rewind shaft, Fig. 746, Youll
have to trn the functionsl resistor 3
fittle to get enpugh stack in the tungsten
wite,

Once you've seated the speed-knob
coupler, Fig 148, replace the rewind
knoh — thar holds the speed-knob cou-
piey in place. The techniqus weo've des-
cribed has a couple of sdvantages. For
one, you don’t lose the initial tension of
the functional resistor. Ako, vou don't
have the speed-knobr coupler dangling in
YOUF way.

You can now reach the speed sefec-
tor, Fig. 147, Here, the speed selactor
at the bulb setting — the setting we wsed
for removing the speed knob. Notice
how the edge of the speed selector closes
the bulb switch.

At any other speed seiting, the cam
edge of the speed selecior moves avay
from the bulb switch, Fig. 148 Thx
allows the bulb switch to open, So it's
easy to find the butb position when you
replace the speed selector, Just turn the
speed selector until the bulb switch
closes,

Now. hold aside the speedsslecior
detent, Fig. 148, and Lift off the ipeed



tolestor, That exooses the RY esistor

assembly — the series of fixed resistons

used o control the shutter speeds, Fig.

149, The brush on the underade of the

speed selecior connecty the proper series
T tarce 10 ground,

-or some shutter probiems, all vou
have 1o do is pull the spesdt sélector. Say
the brush isn’t making good contact —
either 1o ground or 10 the RT resistors.
You then have an open in the Capacitor-
chavging path. And the shutter will hang
open. Frequently, simply cleaning the
brush and the circuit-board paths solves
the problem. Or, youmay have 1o reform
the brush,

There's another possibility if the
shutter hangs open — you may have an
open along the string of AT resistors.
Earlier, we described testing the RT resis-
tors using an chmmeter, If you locate
an open, replace the RT resistor board
that mounts 10 the speed-selectar

in removing the shutter module,
though, leave the RT resistor board in
place. And remove the complete speed-
selector assembly. First, you must dis
conngct the fiex circuit from the RT-
resistor ping. Locate the green capacitor
shortingswitch wire, Fig. 149 {its
usually green, aithough you may find
varistions). in the camera shown, the

citor-shorting-switch wire soiders 1o
. BT<rgsistor pin that's closer 1o the
 end of the camers body,

But the capacitor-shortingswitch
wire may connect to @ land at the front
of the flex circuit (st below the speed-
selector assembly). That's a ister version
of the flex circuit. ¥ the capacitor-
shortingswitch wire connects to the pin
as in Fig, 149, uasolder the wire.

_Then, use desoldeving wick to remove
the solder from both RT through pins.
As you're removing the solder, the pins
tend 16 move down — they're just sol-
dered to the RT resistor board. You may
then have top heat the through pins and
push them up. Be especisfly careful of
the pin closer 1o the end of the camers
body. I it moves down or shifts in posi-
tion, it may touch the body emtting. On
reassembly, you'll then find the shutter
hanygs open — the through pin shorts the
RT resistors to graund,

Completely disconnect the Hex cireuit
from the RT resistor assembly. Notice
that the end of the flex circuit passes
under the spring for the speed-selector
derent, Fig. 149,
 ow, remove the three screws hold-
Wty the speed-selector assembly, Fig.
149. Before you actually puli the speed.
selecior assembly, Though, you should
te aware of tome precautions. For one,

the upper section of the wind chaft srays
with the speed-selecior assembly. And
the wind-tever return spring remnainscon-
nected 1o the upper section of the wind
shatt, The wind-dever return spring
should stay in place under the speerd:
splector assembly. Yet one end some-
times comes loose during disassernbly.
irs that event, you'll just have to rewind
and hook the wind-lever retura spring.

Aiso, the one-way clutch for the
wind lever remains with the lower sec-
tion of the wind shaty — under the
speed-selector assembly. Normally, the
one-way cluich remains together. How-
ever, it sometimes likes to come apart
on its own as you remove the speed-
selector assembly.

So be on the lookout for the parts of
the roller clutch (three compression
springs and three rollersl. And remove

the speed-selector assembly. Removing
the spesd-selector assembly does take a
fintle manipulation — 1the bulb switeh
gets in the way.

On the underside of the specd-selector
assembly, you can set the winddever
return spring. One end of the wind-lever
return spring hooks 16 the upper section
of the wind shaft; the other end hooks
to a post on the speedselector plate.

Also notice that the upper section of
the wind shaft has two flat sides. These
sides key to the center section of the
gnewwsy clutch, Fig. 150, On reassem-
bly, tirn the center section of the ane
way clutch in 3 clotkwise direction unitil
the stot runs parallel to the ends of the
camera. The upper section of the wing
sivaft wilf then key properly with the
one-way cluich,

SPEED-SELECTOR
ASSEMBLY SCREWS
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The plasin oover of 10 tan
wind shatt, Fig V8D, should fidothe
prieway oluteh tagether, But ¥ the
Egeer Ghmesioose, you tiave te contend
with the indwidual -parts; Fig. 151,
Referring to Fig, 151, make sure that
the center section of the one-way clutch
s ﬁghz side up. Amd notice the direction
that the compression springs push the
rolters — twowaed the narrower ends of
the cenmter-section 3o,

To remove the wind sham fnake sure
the shutter's released, Those thres
notches at the tap of the wind shafg Fig.
150, serve 10 latch the cockng mechan.
#re at the end of the wind stroke, Afrer
vou cock the shutter, the wind fatch
drops-into one of the three notches, Fig,
151, Releasing the shutfer moves the
tarch out of the notch and clear of the
wind shaft, Fsag.. 162, You can then lift
out the wind shalt toward the 1op of
the camers.

What i you weren't abie to remove
the wind coupler and the wind gear
earlier? Those parts should drop out as
vou remove the wind shaft, But the

4 sy
&t the

werrit! seaipler ard the wmci gear may st
be tos Light — so tight that you can't Lift
wurt the wintd shaft, In that case, vou €an
vie 2 punch 10 t3p the bottom ol the
wind shafl. Dreive the wind shaft toward
tha 1op of the camera, out of the wind
caugler and the wind gear {i’s best to
disassemible the oneway clutch before
tapping out the wind shaft — otherwise,
you mey have loose roller parts flqu
about the room]. -

The gesred section of the wind shatt
engages  the: curtain.wind pinion, - Fig.
152, Looking at the ghared section, you
can ‘s three large — almost square -
teeth. On reassembly, start one of thee
square tecth into the Cutout section of
the suyrtain-wind pinion, Fig, 153, it
dossn’t mattar which of the thres teeth
you use — the wind shaft turns 173 warn
an each cocking cycle.

REMOVING THE COUNTER PLATE

You have four more wires to unsolder
from the flex circuit 10 remove the shut-

tor, Unsolder the grows wore that comes
from the upper hotshoe comact, Fig
154 = disconnect the wire trom !hg, flex
circyii, not hom tha hot- shm Loniact,

Note the Hex-Cirouit conmection of
the white wire coming from the CCC
contact, Fig. 155. If vou have an agrtipe
version of the camers, there wmay be 3
vanation with this particular wire. S
make 2 note as to the propes connect-
ing tand. And unsolder the wiite CCC-
contact wire from the Hex cireuir.

Now, unsolder the two wires that
came from the saif-timer LED contacts,
The rad wire {sometimes a white wire}
from the LED contacy cloter 1o the front
of the camera cannects 1o the TR emit-
tef, Fig. 165, And the black wire con-
nects 1o a circuit-board land, also shown
in Fig. 155, Again, it's easier 10 unsoldar
these wires from the ftex circuit than
from the LED contaots.

Earlier, we described removing the
nvion olip 1o reach the MOSFET I(C.

~ That's now a necessary disassembly step.
“Take out the nylon clip, Fig. 156, and

Tift ot the sections of flex circuit con-

ETER RELEASED
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tsining PXY. Fig. 157, Remernber, the
shot is the Hex circult {below PX 1] must
iz over the fposting pin on the eyeplece
assembly.
. ¥ou'll next have 1o Lift aside the
ster plate, Fig. 58, But it's not
ecessary (o unsolder any connections
{unless you're replacing the flex circuit).
Take vut the strew holding the ground
contact, Fig. 15B. Lift out both the
ground contact and the blade of SW5,
Hote again that the forked end of SW5
straddles a pin on the switch-control
fever,

Alst, take out the large shoulder
screw shown in Fig. 158, The spring for
the counterseturn lever remains hooked
to the counter plate. But if the spwing
ooks as though it wanis to come off, re-
mowve the spring after taking out the
shoulder serew (that's better thanhaving
the pring fly off when you're not lsok-
ingl. The short end of the spring hooks
to the side of the counterreturn lever;
and the long end of the spiring hooks to
the side of the counter plate,

You don't have o remove the coun:
rer-chial index plate, But we've removed
the plate in Fig. 158, {0 show how the
counter driver works. For reassembly
reference, notice how the Hat spring
pushes the nyton counter driver towsrd
1he counter dial, With the camera back
ciased, a notch in the counter driver en-
gages the teeth of the counter dial — it's

this notch that advances the counter dial
dining the wind cycle,

Alse ootice n Fig. 159 how the
counter-return lever passes through 3 siot
in the body casting. It takes a little ma
aipulation to get both the counter
driver and the countet-return lever
properly seated as you replace the
caunter plate.

Frgure 159

g LA
-ta‘;_ﬁ__#ttonnwt
Eyc of #K7

)

d ) :
W SOUNTE R-SE Tiifee
LEVER




BRAKE

Remgoying the countor-dial index plate
w Fig, 159 gives us a chance 1o poing
out the relesse-swirch and bulb-switch
contacts. You'd have to unsolder these
contacts 1o replace a fiex civcuit,

Once again check to make sure you ‘ve
removed the ground plate, Then, fift out
the counter-plate assermbly. Move the
coumer plate to the rewind side of the
camera 3 shown in Fg. 180 — be very
careful 1o avoid damage to the flex
circuit,

The nylon counter driver is now
lonse. Push the openingcurtasn brake
tever, Fig. 161, toward the back of the
camera. Then, litt out the counter driver.
A pinion on the bottom of the coufifer
driver engages a pinion on top of the
sprocket. That's why the counter dial
wrns in the reverse drection as you
rewind the film - it always 1urs with
the sprocket, After yvou remove the
counter driver, push back the opening
curtain brake lever.

SHUTTER-COCKING OPERATION

in Fig. 162, we've replaced the wind
shaft w cock the shutter, But this can
be 2 lintle dangerous ~ remember, that
one-way clutch can come loose, You
really should disassembie the one-way
¢cluteh before using the wind shaft as &
cocking tool.

Fig. 162 shows the shutter in the
releszed position. Cock the shutter by
turning the wind sha¥t from the bottom
of the camera. In the shutter-cocked
position, the wind fatch drops into 2
wind-shaft notch, Fig. 163. S0 you cant
advance the wind lever a second tme.

The closing-curiain wind gear, Fig.
162, comrols the wind faeh. In the
shutter-released position, 2 post on op
of the closing-cuttain wind gear comes
against the wind-latch controt lever. And
the winddatch coiitrol lever holds the
wind fatch away from the wind shaft,

Bur note what happens a3 the ¢losiog-
curtain wind gear s o the cocked
position, Fig. 183. The post on the clos-
ingcurtain wind gear then mowes away
from the wind-latch controtl lever. Con-
sequently, the springloaded wind latch
swings toward the wind shalt. As soon
a5 2 noteh in the wind shaft reaches the
wind latch, the wind latch drops mto
the fatching position, Fig. 163.

The SWScontrol lever is part of the
wind latch, Fig. 13, Notice the pw
pointed out in Fig. 163 — that's the pin
strackdled by the SWS blade. So, by con.
trolfing the wind fatwch. the closing
curtain wined gear also controls SWE,



OPERATION OF THE CURTAIN
BRAKES AND SYNC CONTACTS

Each curtain has its own brake. And

Both brakes play a role in the oparation
" he K.aync contacts.

Ne've astveady pointad out the open-
ing-curtain brake, Fig. 162, The opening-
curtsin brake lever acts against a post
atop the opening-curtain wind gear (the
gear undler the closing-curtzin wind gear).
When the opening curtain crosses the
aparwure, the post strikes the brake ltever.
That drives the opening-curtain-hrake
fever toward the back of the camers,

But the opening-curtain-brake lever
has 2 second function —~ it ciases the
X.gyne cantacts, Fig. 162, Notice that
the brake holds the contacts closed in
the shutter-released position. The con-
tacts open whet you cock the shutter,

S0 you know there must be 3 safety
switch in the camara. Otherwise, you
coildn’t conneet the fath with the
shutter released. The closingcurtsin
berake doubles as the safery switch.

Even though the X-sync contasts are
closed in Fig. 162, there’s no contact to
ground. Se you don’t have 3 complete
circuit, Fig. 164. Bur one long t3b on
the coniaci assembly sits close 1o the
tab on the closingcurtain brake — the
same tab that returns the mirror, Fig.

. When you cock the shutter, the
X-sync contacts open. And the closing-
curtsin wind gear drives the closing:
curtain brake toward the back of the
capers. The tab on the closing-curtain
brake then touches the 1ab on the con-
tact assembiy, Fig. 163. Now, as shown
in the schematic, Fig, 165, you have the
ground connection. Yet, since the open-
ing-cuertain brake has allowed the X-sync
contacts to open, there's still not 2 com-
pete circuit

Refeasing the opening curiain once
apain cloges the X-sync contacts. But this
timre, the ¢losing curtain is fatched in
the tensioned position. So the closing
curtain brake maintaing the ground con-
nection. As you &an see the schematic,
Fig. 166, there's a complete circuit to
fire the flash.

As the closing curtain crosses the
curtain wind gear strikes the closing-
curtain brake. That cushians the closing
surtain to prevent bounce. And it simul-
tanegusly  disconnects the contact
aermbly from ground.

i'iwth curtain brikes have the came
type of adjusement. A nut pushes o
compressiontype brake spring aganst
the hrake fever. You can e the brake-
adjusting mnt for the ogesningcurtain

aeske in Fig. 163; the brake-adjusting
nut for the closing-curtain brake sits just
beneath the closing-curtain brake lever,
Fig. 163.

Tuming the brake-adjusting nut in 2
clackwise direction incresses the braking
action. You can reach the opening-cur-
tain brake adjustment from the back of
the camera - it's not necessary to
remove the front-plate/mirror-cage
assembly. But you do have to pull the
front-plate/mirror-cage - assembly to
reach the closing-curtsin brake adjpst-
ment.

REMOVING THE SHUTTER

1t only takes a few more steps 10
remiove the complete shutter modide.
So even for routing cleaning, i's prab-
ably best to pull the shutter. You can
then clean and lubsicate the shurter
without the danger of damaging the flex
circuit.

First, unsolder the red Xesync wire
from the sync contact, Fig. 163. The
wire runs to the X-contact Connecior a1
the other end of the camera. Note the
route of the sync wire — it passes under

. CURTAIN-
BRAKE
CONTACT ==/ §

o

CLOSING-  SWS CONTROL PIN

BRAKE-ADJUSTING NUT
SHUTTER COCKED
' Figurs 163
SHUTTER RELEASED OPENING-CURTAIN BRAKE
___L_ X-EYNC CONTACTS . ELASH TERMINAL _ 1
Figure 164
SHUTTER COCKED
CLOSING-CURTAIN BRAKE
e *
Figure 165
SHUTTER OPEN

CLOSING-CURTAIN BRAKE  opENING-CURTAIN BRAKE

— *—
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Figuire 168

TAKE-UP-SPOOL

B

w0 L-thaped clamps on o of the shur
ter module, Fig. 187, Be careful w get
the wire routed properly on reassembly.
Qtherwise, the mircor cage might clamp
the wire and cause a shost,

But sight now it's pretty tough to dis-
connect the sync wire from the clamps.
Youll find # easier to disconnect the
SYNC Wire 3% you're removing the shutter
module. So teke out the two screws
shown in Fig. 162 (note that one is
countersunk}. Also, remove the shutter-
module screw at the rewind end of the
camera — the one partiatly obscured by
the X-contset connector, Fig, 167.

Finally, remove the large locating
screw at the bottom of the shutwer, Fig.
1687, And lity Qur the shutter module,

The wind-shaft bushing staked to the

shutter modufe also serves as the upper
pivat Tor the take-up spool. So the take
up spool is now loose, Lift out the take
up spool from the back of the camera,
Fig. 168 — watch far the Iarge washer
under the takeup spool. You can alse
jift aut the take-up spooi gear, Fig. 168,

As yet, we haven't seen an AL 1 with
a broken take-up spool. That's fortunate
— you can now see how far you'd have
to go in disassembly just to replace 3
take-up spool.

Remaving the shiutter module alse
allows you 1o reach the upper sprocket
bearing. If you have to replace asprocket,
lift out the nylon pinion {the pinion that
engages the counter driver]. Then, un-
screw the upper sprocket bearing.

6Y

PRECAUTIONS IN REPLACING
THE SHUTTER MODULE

Notice that the dip spring for the
takeup spool seats sround a shoulder
on the take-uprspool gear. A tab on the
slip spring, Fig. 168, fits into a slot on
the bottom of the take-up spool.

As you seat the takeup spool, make
sure 115 slot seats over the slipspring tab.
And test the smoothness of the takeup
spool as soon as you at the shutter
module. 1t would be 3 thame w0 com-
pletely reassembile the camers and then
find that the take-up spool is bindingt

Also, as you seat the shutter module,
route the sync wire through the clamps.
Once you've institled the shutter, it's
very tough to route the sync wire — get
the wire through the damps before
yvou've fully sested the shutter moduie.



Part & — Conclusion

POROUS-PLASTIC STRIP

TAKE-UP-SPOQL
BEARING

'REPLACING AND TIMING THE
SHUTTER CURTAINS

F;g. 168 shows as far a5 you'li prob-
ably ever have todisassemble the shutter
madule ~ even 10 replace curtaing, 'y
aasier 10 align sew curtamy, though, if
you alsa temove the aperture plate. Two
screws-at the 1op of the shitter modute
hold the aperture plate [the scriws may
be govered by the strip of porous plagtic
cemented 1o the shutter maduiz}

Before removing the amrwre plate,
however, you can check the curtain 1im-
ing. Try tumning the closing-curtain wing-
ing roller from the back of the shutter
moduie 1o wind on: the closing curtain,
Thén, hoid the Mg armatuce engaged
with the closing-curtain cam ~ that holds
the closing curtain in the wound position,

Now, check the position of the gloy
ing-curgain har. Lmi;mg a#t the back of
the shitter modute, Fig. 170, the fead
edge of the closing-curtan barshould be
Bmm from the opening edge of the aper-
ture plaie. _

Bt vou don't have 1o measure the
distance. Canon hay already placed con-
venient Uming marks on the aperture
plate - two dimples which show you
whars 1o shign the Slosing curtain bar.

To see the tming of the opeting cur-
rain, check tho overlay during the codk:
mg eycle, Turn the aapgmm;-c;mmm

winding roller from e fromt of the

shutter wodule - 1hat wirsds on the oo

i, Adidd, from the back of the. shyie:
mmmtﬁu check the oweilag Bietwesn the
rued aurbaan bars, t‘:(: 171



The pverlap oot AR Teis g it

iegs than one full bar. So vou should see

& smal! porgion of the closing-certam bar

- argund tmm — under the opening
“vain bar, Fig. 171,

‘he technigue for adjusting the cur-
sain riming iz the same as in other focal
plane shutters = adjusting the closing
curtain winding roller fo position the
closing curtain and adjusting the spening:
CLifta wmdmg roller to position he
apening curtain. Yet you don't have 1o
disengage the. ciartan-wind gears t@ ad-
Just the timing. ]

Meither winding-roller pinion, Fig.
172, keys to the windingrotier haft.

Qaly the screws passing through the.

centers of the pinions hold the timing.
Each screw pressey its pinion sganst 3
ayfon bushing attached to the winding
roiler,

S0 atl you must do is foosen the pin-
ion screws, You ean then turn the wind-
ing roliers independently of the pinioas,
That way, you can put the curnans
exactly where you want them,

Buf notfice the waming in Fig. 172 —

each pinion screw has a feft-hand thread,

Alo, the pinion screws gre locked in
position with a locking agent. You'tt
probably have 1o use a sotvent, such as
acetong, mloaseﬁ the screws. And, after
isting the liming, refock ‘the pinion
w10 Emsure They won’t work foose.

‘Canon's systery for holding the wing- .

ing-rollers pinions makes it convenign:
o repiace curtaing without disassembling
the shutter module. First, let off the
curtain epsions by tuming the tension-
setting oears in.a clockwite direction,
Then, scribe the take—up roflérs to mark
the curtain ans the edge of the
opening curtain: and the edges of the
closingourtain tapes. Thote senbe fines
will help you align the new curtaing
squarely 1o the take-up rollers.
~ Now, peel the curtain and tapes from
the tske-Up rollen. You'tl want to scribe
- the winding rollers aiso. But right now,
you can't reach the snd of the closing
curtsin or the ends of the opemag-
LUTtain tapes. '

So just loosen the pinion screws, Fig,
172. You can then tum the winding
rollers until you can scribe the positions
of the ohd curtging, th, 173. And peei
the old curtains from the winding rolters.

~ After replacing the curtains, time the
pmmmasprmwsly dascribad. Youmay
dlso have to retime the closingcurtain
(k b 3t the botrom of the thutter moad-

A But you can now reach the twe
allenhgad setsorews that hold the clos-
mygcuriain cam to the cigsing-curtain
pinion shafy

OPENING. SN
L‘.URTA!N m L

SCRIBE CLOSING.
CURTAIN TAPES

Fieree 123
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SUMMARY ON TROUBLESHOGTING

What ae the “common™ replirs in
the AE.1? That normally depends on

© how long the camera’s been in service.

Canon technicians doing warrsnty repairs.
have found mestly efectronic problems.
involving component replacement.
Here's where a solid knowledge of the
elecronic ORersthon becoms esseatiat -
step-hystep troubleshooting guides nor-

| malty won't get you to the problem.

But most of the cameras that have

passed the warranty period seem tocome -

under 3 different category. Thair prob-
larns sre freguently mechanical in ng-
ture. {One exception - the disphragm-
sensing resistor VRav.} Initially, 3 prob-
fem may sound like an electrone mal-
function. S0 your first impuise may be

© to troubleshoot the slectronic Circuitry.,

Yer a simple mechanical matfunction
often causes what seems to be an elec-
tronic tailure.

For example, suppase the camera gets
bumped on the windlever end. You
may then find that the shutter hangs
opett — it woat close until you dis-
connect the battery.

That sounds like an electronic mal-
function, But more likely, the tungsten
wire has simply shpped under the speed
selector. Since the tungsten wire is a con-
ductor, i1 shorts the stiutter4peed resis-
1015 30 ground — the same affect ac‘a

_} short across the timing capacitor.

So just remove the top cover. And
untangle the tungsten wire from the
speed-selector brushes, You may also
find the tungsten wire gets tangled on
some other part. The customer then
complaing 3Hout a0 inOperative exposure
meter. Yet there’s only ane problers —
the functional resistor isn't maving.
Chantes are simply removing the top
cover will allow everything to snap back
into place.

During disassemnbly, we mentioned a
couple of other “quick” vepars -
switches SW5S and SW7. Whenever you
have an elsctronic maifunction, check
the switches that could cause the prob-

- lem. it’s far more fikely to have a
. bad switch than it is 10 have a bad

component,

Reforming the self-timer switch SW7
seems to be 2 rather common repair, if
the switch remains in contact with the
ground tab, youll siways get the self
timer defay. The customer may not real-
ize what's happening - since he hasn't
moved the selfrimer lever, the LED
remains hidden,

And if switch SW5 isn't making good

i contact? Then, the shutier may not re-

lease. Or, the shutier may close as soon
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a5 you ict up the release button — that
hecomes noticeahlie on slow spoeds
Also, the shutter won't time out afte
the seif-fimer delay.

You'll be making other “casy ™ repairs
by simply pulling the Bottom pilate,
Sormaetimes you'll encounter the camera
that won't stay cocked ~— it releases o
so0n a5 you complete the cocking
straoke,

A defective permanent magnet Mg2?
That's what it sounds like. Bul more
tikely, there's a simple mecheracal prob-
lem with the Mg2 armature. The keeper
at the end of the arrmature may be dirty.
Since the keeper can‘t pivot freely, it
fails to make positive engagement with
the permanent magnet, O, the Ewing
which holds the keeper to the armature
may have come foose.

So, even though the AE-1 circlnt
may seem overwhelming, the common
repairs are simple. You can make the
AE-1 profitabie to repaic by logking for
the simple things first. When yvou do en-
countes a genuine electronic matfune-
tion, the schematic becomes your maost
valuable troubleshooting 100l. We tried
to describe most of the troubleshooting
tests during dissssembly. Let's now go
through the mora common troubleshoot-
ing steps 10 sum things up.

PROBLEMS IN THE
EXPOSURE-METER SYSTEM

The most sophisticated part of the
AE-1 circuitry involves the exposure-
control system. And for any one mal-
function, vou could come up with 2 long
list of possible cpuses, Thats why trou-
bleshooting charts aren't nommnally effec.
tive. You just shouthavs 1o troubleshoot
the camers using the schematic,

But you can limit your search by de-
ciding the extent of the matfunction.
Does the problem stfect both the suto:
matically contzolied diaphwagm opening
and the focusing-screen readout? Or does
it affect just the diaphragmn opening —
or just the meter reading?

If the problem affects only the dia-
phragm-closing system = and not the
galvanometer readout — you know
you're getting the proper output from
amplifier AR1. Why? AR1 must be
supplying the propér output before the
galvanometer can read properly. The
output of AR} drives both the meter
nd the digphragme-cloging system.

Now., you must look for something
that would only affect the diaphragm-
closing system. Start by noting just what
the diapbwagn s doing. Does it always
remain fully open? Does it glways stop
down fully? Or does it provide ercaric



spenings?

Several things coult cause these prob-
lems. But let’s start with the most fikely
ones, Any of these problems could be

" -sed by a defective diaphragmesensing
star VRav.

Sa measure the resistance befwaen
the orangs wire and ground as you move
dawn the diaphragm-setting lever. Here's
where you should get the smoothly ce-
creasing resistance av the diaphragm-
setting lever moves down — from around
1.3 10 lfess than 1K, An apen wolld
cause the diaphragm: to stop down fully
every time [(the wiper probably kn't
mskirg good contact with the resistance
bandh. Ereatic casistance readings, nor-
mafly caused by braaks siong the resis-
tance band, result in ¢rratic diaphragm
setfings. And a short would case the
diaphragm 10 remain Tully open every
e,

A short across the VRaw resistance
band isn't toa likely. (f the disphragm
Aways remaing folly open, you might
first suspect the mechanical systery an
e mirror Cage or the disphragm-controt
electromagnet Mg, Earfier, we described
how you ¢an check the mechanical sys-
tem: gnd Mgt without puiling the front-
plate/mirror-0age assembly ~ just short
the negative lead of the electromagnet

twgﬂsﬁﬂ the integrated circuins should
be your last suspects. Nommally, i an
1C's going w go bad, it'lE do so during
irs first few hours of use. But ewen 3o,
1T can tail,

Looking at the schematic, which IC
could cause a failure of the diaphragm-
closing system? Actusily, either PX2 or
PX3 coutd be at faudt, With PX2, thers
could be a failure in the memiory System.
And with PX3, there could be a fallure
in the comparator system,

¥ou can check the memary system

a1 pine 18 of PX2 ~ the output of ampls-

finr AR4, Herg's where you get the AV

signel that goes 1o the disphragm-tensing
resistor VRav.

Measure the voitags between ground

and pin 19 of PX2, With the shutter in
the relensed] Position. you should mea-
sure ground 0.29 volt. Cocking the shut-
ter should causs that reading to increase
to around §.39 woit.

Then, push the release switches to re-
fease the shutier. You should now see
the voltage increase — that's the AY voit-
a9e pulse memorized in the digital-to-

Q";atog converter. ¥ the memory system
serks properly. you'll get 3 larger AV
pulse as you increase the fight level, ssf
a slower shutter speed, or set 3 faster
filen speed.

Although you can check the PX2

operation with a voltmeter, an oscilto-
scope makes the output of AR4 even
easier to see. Don't buy a scopo just for
the AE-1 — you'll rarely use it. But if
you already have a scoge. Isy setting i
1o meagure DC voltage. Then, touch the
vertical-inpui probe 1o pin 19 of PX2,
You thould see the trace move up X
you cock the shutter. When you release
the shufter, you should see the trace
move up further. The higher the light
level, the stower the shutter speed, or the
taster the film speed, the higher the trace
showsid move.

Once you know youre getting the
cutput from amplifier AR4, you ¢an
eliminate the possibility of a defective
PX2. Thatleaves PX3 — for some reason,
compsrator CPY isn’t comparing.

The output of comparator CP1 con-
nects 10 pin 5 of PX3. And pin & con-
nects to the negative tide of the dia-
phragm-control electromagnet Mgl. So
messure the voltage 1o pin § — you
shouid measure the full battery voltage
without closing the releme-bution
switche:. If you don't, you evidently
have a break between pin 5 and Mgl
Arid you'll have to use 3 jumper wire.

H you suspeci either PX2 or PX3,
vhack the voltages at the inputs befone:
replacing an IC. In this case, though,
we've ssumed that the galvanometer
works properly — it indicates the right
tistop. So chances are the input voltages
to both IC% ave corvect. The problem
couid be 3 break between pin 18 and PX2
andd the diaphragm-sensing resistor {(piny
12 should connect to the blue wire com-
ing from the mirror cage), 2 break be-
tween pin § of PX3 and the diaphragm-
control electromagnet, or 8 failure in
either {C.

FAILURE OF THE READOUT ONLY

Now, let’'s consider that the dia-
phragm-closing system works fine. But
the galvanometsr doesn't work, The
needie slways remains at the top of the

the bottom,

You then know you're getting the
proper output from ARt ~ if vou
weren't, the digphragen-closing system
woildn’t be working. So look for some-
thing that would sffect only the meter

" readout. The most likely things — maxi-

mum-apertire  resistor VRavo or the
galvanometer itsell.

if the needie doesn’t mowe a1 all,
check the comtinuity of the galvanameters
coil — just measure the resistance be-
iween the red galvanometer wire gnd
ground. The resistance of the coil should
measure around 343 ohms,
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You can also check VHavo, the maxi-

~ge, wsing an chmmeter. But you don™

2 10 remove the frontplate/mirrgs-
cage assembly, Just unsolder the red wire
from VARavo thst connects 1o VR3 on
the resistor board. Measure the resistance
Between the red wire and ground as you
push in the maximum-aperture comec-
tion pin, The resistance should smoothly
increase from around 8.23K 10 17.0K &
the maximum-aperture correction pin
moves toward the camaea body.

And if you don't get this changing
resistance? it could be that the brush
has come off che wiper lever. Youll then
have 1o pull the front-plate eror-cage
assembly.

¥ the YRavo resistor checks prop-
erly, you can make the same test be-
tween the white wire and ground. This
time, the resistance should increase
from around 15.1K to 23.8K s you push
in the maximum-apertuse correction pin,
1f it does, you know you have continuity
te the VHavo resistor ob the mirtor
cage,

What eise could cause the problem?
Pechaps you doa’t have continuity be-
tweern: the red-wire connection snd pin 4

-:‘an-nrbmnméwhnm

_fmection and pin 9 of PX3. An open
“Br thorted variable resistor VR3 would
be another logical {though unlikely}

Before suspecting (C PX3, check the
continuity between pin 7 of PX3 and
the meter resistor RM. And check the
comtinuity betwpén the meter resistor
RM and the galvenometer, Finally, check
the maoter ristor igel! (it should be
around 1.85K) and diode D1 n the
hattery-test circuit, Agsin, we've tried
1o eliminate every other possibilily be-
fore suspecting amplifier AR2 or anyli-
fier AR3J inside PX3,

FAILURE OF BOTH THE METER
READOUY AND THE DIAPHRAGM:
CLOBING SYSTEM

The third possibility when you have
an exposurecontrol malfunction -
neither the gelvanometer nor the dia
phragm-setting system works. Normally,
the diaphragm atways stops down 1o the
smallest f/stop and the aesdie always

remgins ar the top of the disphragm scate.

“.’i“ the diaphragm always remmains fully
and the needle aiways pegs to the
tottom of the diaphragas scale, in either
case, yodr aren’t getting the proper out-
put from AR,

# the needie doesn™t defleer, fiest

check transistor TR — make sure you're
getting the battery voltage st the collec.
tor when you close switch SW1.

There are 8 couple of other standard
teste you shaukd make before you start
tracing the signal — check for your Ve
and K Ve voltages. Hf you aren’t getting
the K Ve adjustinent voltage at the regis-
tor board, the needle will peg to the
bottorn of the diaphragm scale. In that
case, disconnect the blue wire from the
resistor board (there could be a8 shovrt
across one of the variabie retistors, drain-
ing the KV voltage). And check for KVe
at pin 8 of PX3. If you're getting the
proper inputs W PX3 —~ yet you aren’t
getting the K Ve output — you evidently
have a bad integrated circuit PX3.

sz virmaslly the same fechnigue to
check the Ve woltage. You should mea
sure the Ve valtage at the CCC eontact.
i you don’t, disconnect the CCC con
14ct’s white wire. And check for the Ve
voltage st pin 15 of PX3. Remember,
you must close switch SW1 to get either
of the constant voltages.

Now, you can check for the changing
AV voitage — the output of AR st the
AV contsct {the same CONLACT YOU use
for adjusting the sxposurecontrol sys
tem}, Heve, you should messure 30 ine
creasing voltage as you incresse the light
tevel, set a slower chutter speed, of set a
faster film spead. But, since we've a5
sumed that neither the diaphragm nor
the meter works, you'll probably mes-
sure 3 constant voltage at the AV contact.

Where do you go from here? You
could backtrack from AR1. However,
starting with the most likely things tirst,
you can go to the beginning < o the
MOSFET amplifier PX1. Trace the out
put signal from PX1 to see where it's
getting fost.

Close switch SW1. And measure the
autput between pin B of FX1 and
ground, You should measuee i increas-
ing vottage as you increase the light strik-
ing the photocell, If you don’t check
the voltages 3t the other pins of PXL.
Make sure you'te getting the proper i
puts before you replace the IC.

Then, foliow the signai through the
schematic. From pin Bof PX 1, the signal
goes to pin 7 of PX2 through the therm-
istor and resistor R RTC, Check for con-
tinuity between pin B of PX1 and the
resistor. If vou don’t have contimsity
here, youl have to coniact the two
pomts with & jumper wire.

I you are getting the proper output
from PX1, check the output of ampfifier
ARS ~ pin 6 of PX2. Here, the voltage
shoutd decrexe — go lEss positive — X8
you increase the light leved. # it doesn’t,
you coutd have @ bad PX2 inmegrated
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cireuit. Or, more likely, you have an open
betweern pin 8 of FX3 and pin 7 ot PX2.

S0 measure the resistance between
these 1wo pins. You're now measuring
the résiitance of the thermistor snd
resistor R RYC in series — sround 400
ohwng, depending on the temperaturs,

Aiso, check for the proper input vair-
ages 1o PX2. 1f you're not getting the
proper inputs, use the schematic to look
for an open. Check for continuity be-
tween the pin that isn’t getting the
proger jngut and its connecting point in
the schematic. For example, if you sren't
getting the E1 voltage o pin 4, check
for continuity between pin 4 ang the
colfector of transisror TH.

in the case of the matfunction we've
described (neither the diaghragm nor
the meter warks}, there sre simost end-
less possibilites. That's why you have 1o
trace the schematic to locate the prob-
fem. It may require S0 pages of step-by-
step troublashooting charts to find a
defective component.

For example, you could have s defsc-
tive functional resistor SV — TV. Msa-
suring the resistance between pin € of
PX3 and ground, you should see the
resistance cecrease as you zst slower
shutter speeds. An open in the func-
tional retistor {no contact between the
brush and the resistance path) causes
the needle to peg 1o the botom of the
diaphragm scale. A short scrots the func-
tional registor causes the needie toreinain
at the top of the diaphragm scale.

Another example of a unique mal-
tunction — there's a short between the
two hotshoe contact blsdes. The CCC
contact and the AVY EF contact sit
ﬁbseiy tmtlm. Ané i ihw re touch»

open. Most often you'll find the short
between the solder taby far the wires.

OTHER UNIQUE MALFUNCTIONS
AND CONCLUSIONS ON THE AE-1

As we indicated earfer, you'll be able
to correct many elecironic failures by
smply retouching okl solder joints.
And you zan figure out most of the
other malfunctions by understanding
how the Camiera gperates.

We've already cowered the woubis-
shooting steps for the shutter, But fet’s
congider a unique makfunction, one you
can cuaickly diagnose by your knowledge
of the camera’s functions. Suppose the
shutter giways delivers 1/60 second —
that happens, normpily 312 3 remult of
bumping the camera.

You know that 1/60 second is the
Hash peed. And the AE-¥ automatically
switches to the fimh spaed when the
neon reaxdy lamp in the Speediite 155A
wirns on. The most likely malfuncion?
The COL contact is shortéd to ground.
Its probably touching the eyepiece wip-
port. As 3 result, the camera always
selects the flash speed.

Angther example — everything i the
camers works, but you always get an
overexposure of 1 1/2 t/stops. Both the
diaphragm and the exposure-meter read-
out grovide the seme error, What wauid
this indicate?

With the t.5-fftap error, don't fump
immediztely 10 the adjustments. Re-
membee, the backlight switch aflows an
intentional overexposure of 1.8 {Atops.
So you have an immediate clue 3 o
where the problem might be. The back-
light switch is probasbly shorted 10
ground.

What if the preview switch is shorted
to ground? Then, the ransistor siways
remains turned on. The nesdle defiects .
and the LED's flash. And the customer
complains that his battery rever seems
ta tast very long.

You can cotvect any of thess prob-
ferns with just minor disassembly. That's
what makes the AE-1 0 economical to
repsir. Sure, you can run into the cameérs
thut has a defective component — gae
that tskes a lo1 of time to troubleshoot.
Maybe you lose money on that camers,
But you make it up on those “fast-and-
saty " repairs.

Revolutionary in design, controversial
among technicisns, the AE-1 has caused
qQuite a change n camers concepts. We
admit it ook ue quite a while just w
figure out how the camera wocks. Yet
someone actually sat down and designed
that circuit — and made it work! There
mest be some mighty smart peopie in
this photographic industry,
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COMMON REPAIRS DEPARTMENT

Pagt { = Caner AB¢ and Pentex ME

‘ Even the best of carmeras have what
- JohriCIans consider "commaon’ repairs,
Whaen a particular camera comes inwith a
cRIta Symptom, the exparienced techni-
cian knowa right where to ok, Those
comman malfunctions may not indcate a
problem with the design. in many cases,
the cameras are so refiable that only a
couple of syrnptoms seem to be repeats.
But, because so many of the cameras
were said, we see those symptoms with
some degree of regularity,
The Canan AE-1 and the Penax ME
provide good examples. By combining

massive TV advertising with quality. both
carneras have been setting sales records.
So, gdespite the reliability, camera repsir
techmicians see the cameres fairdy fre-
quently. Canon, for example, has sold
over twe milion AE:1's. A particular
probiam may then appear 1o Crop op quite
often. However, compared 1o the number
of cameras sold, the number of repairs
seems almost nsigreiicant,

Something olse distinguishes the top-
quality camerss — the “common” repairs
are normalty quick jobs rather than mgjor
overhavis. By contrast, the clunkers don't

normally have “common” repairs. First
oné thing goes, then something else.

in the Canon AE-1, there seam to be
Two rather “common’” repdirs (other than
mechanicsl problems caused by impact,
such 33 the wAgsten wire jumping itx
wackst., Both repairs come under the
“4ast-and-easy” cEegory requiting onfy
minor disassemnbly. Here they gre:

SYMPTOM 1

When you push the relesse button part
way, the underexposure LED flashes on
and off. Also, the needle ghvways shoots (O
the bottom of the zcale.

SOLUTION

These twi sympioms normally indicate
2 problem with PX-1, the IC that serves as
the amglifier for the photocell. Belore
replacing the IC, however, you might try
retouching s solder conmection®. Also
check the IC voltages to rake sute the
prablem isn't with PX-2. You should
measure 1.2V gt pin 5 and around 0.6V a1
piﬂ 6 0‘ PX,-S.

fn maay cases. simply retouching the
solder connections Gures the probiem. i
not, you'll have to repiace PX-.1,

SYMPTOM 2

The mirror fails 1o release when you
push the release hutton. You then poll
the bottom cover and push the armature
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of the combination mmagnet MG2 away
from the core 1o release the mirror, When
YOU NOw Operate the camers, everything
warks fine — the mirror releases when
you depiess the redesse batton. Try 33
YOu might, vou can't make e camers
malfunction.

Many tepair techhiciang mght turm ow
the camera without going any further.
Why not? it works. But have you really
Epaired anyihing?

SOLUTION

s not hkely thar vou've actusity
repaired the camesa. Somathing mus!
have caused the origind problem. The
Auation is sort of reminscent of early
™ Pemax Spotmatics. Remember how the
wurror-tensiching lever would siip to ooe
side of thie catch lever? Some technicians
would simply connect the mirror-
ensioning lever with the catch lever and
congider the camera to be repaired. Yet
sormathing must have caused the mirrar-
tensioning lever 10 jump out of place,

With the Spotrnatic, the original cause
may have been insufficient overtravel on
the mirror-tensioning lever. Or the depth
of engagement between the mirror-
tensioning lever and the caich lever may
Kave been msufficient. Pentax later
modified the caich lever to make the
depth of engagement and the overtravel
fesys critical,

Similarty, something must have causad
the inital faifure i the AE-1 — most ike-
ly, the releate switch SW2. it takes 2 fittie
e time to remove the top cover. Burt,
i you improve the switch contact and
clean the surfaces, you'll probably have
more confidence in the repair,

The Pantax ME hasn't been sround as
long as the Canon AE-1. For the most
part. the troubleshooting procedures
“Miow those in other electronicatly con-
~.woled SLRs. Poor comact of the memory
switch, for example, causes the shutter to
hang open. Poor contact of the power
switch  {“magnet swirch™ by Pentsx
lerminology) causes the shulter 1o deliver

the fastes! spead only, But, fram the Yislg
fepdback we ve idcarved o Far, only one
symptom fits the category of "common’
matfunctions. Here it s

SYMPTOM

The LEDs do not turn on when vy
push the release button part way., Also.
the shutter delivars anly s fastes? speed
= 1AHXED second.

SOLUTION

These svmptoms normally point ta the
metaring switch, the swuch that coses
when you push the release bution pari way
{Pentax wses the Brm, “man  gwich”
because the switch alsg connects the elec:
womagaet 1o the circuit). The switth Sofe
Pects between the rad wire 8t ihe flex creun
and the connector 1o the center termunal of
the front-plate circuit board,

Yo chack tha switch, firgt measure the
voitage between the red wire and ground;
you shouid measure the full battery voltage
{around 3V). Then measuee the voilage 50
the comnector 3t the front-plate orouit
hoarg. Mere, you shouid measure OV unml
vou depress the selegse slide. 'With the
release Sk partislly depressed, you should

measure W, ¥ you don't get the Datiery
voliage &t the oonnector e matenng
swalch sr'l riaking good conact.

Hars's anciher way 10 1es! the switch
—~ ust your weszers 1o short between
me red wire and the connector 10 the
frant-plate cifowl boxrd, You're then
shorring across the switch, If the swilch
i5 the probviam, the LED display shouwid
nran on.

Permax specifies the adjustment on the
switch by space caps. When the release
shde = laiched in the pariglly depressed
positon, there should be a 0.2mem: space
gap between the longer swich blade and
the: Bikue insilator on the refease shide. Make
the adiustment by reforming the shorter
switch biade. Also. when the metering
switch i open, there should be a 0. 2mm
space gap benween the twa hlades.

Most of our information for Common
Repairs comes from figld feedback —~ the
syinptoms repair technicians have men-
tiched seeing mast frequently. We'd tike
10 continue drawing from  your ex-
perignces. Are there Symploms you
regulatly encounter in certain models? #
you' i et ug know. we'll 1y 1o track down
causes and sclutions.

Figure & Pentax ME
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