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INTRODUCTION

i iptive data and instructions

book contains descriptl t

f the opgszn?ggd maintenance, and repair of the Cambridge Aero
or ’

Mixture Indicator.

GENERAL DESCRIPTION

FUNCTION.
i is | he
sis of the exhaust gas thls 1n§trument shows t
mixture ofya:n?igicator scaled in fuel-air ratio with a range of
+ 1A% L0 ~066%
PRINCIPLE OF OPERATION.
known

Operation of the instrument is based on the Well
thermal conductivity principle wherein foqrplatlnum spirals form-
ing the four arms of a Wheatstone bridge circuit are employed, two

bei osed to the gas under test and two being exposed to a gas
ing €xp The known or "standard" gas

of known heat conductive capacity. . r -
in this instance is moisture saturated air which is contained in
the small chambers where the "comparison" spirals are located. The
spirals are heated a definite amount by anelectric current and they
will remain in balance as long as they are surrounded by gases of
similar conductivity and thus are at like temperatures. However,
when the "test" spirals are exposed to exhaust gases of different
mixtures, their temperature will be changed and the bridge will
become unbalanced, resulting in a deflection of the galvanometer

pointer to an extent comparable with

the variation in the con-
stituents of the gas and in this manner it is possible to determine

the mixture ratio directly.

COMPONENT PARTS.
The complete instrument comprises:

The required number of analysis cells, one for each engine.

s
2. One indicator unit containing an independent scale and pointer
for each cell, thus affording simultaneous readings for all
engines. Type S-IFR-A has, in addition, one duplicating in-
dicator to furnish a duplicate indication for the second cock-

pit.
The necessary accessories for conducting a sample of the ex-

k. 8
hgust gas from the engine through the cell, including sampling
nipples, copper tubing and rubber connectors, and,
4. In the case of single engine instruments, shielded cable to
No cable is fur-

connect the analysis cell to the indicator.
nished with instruments for multi-engine planes as existing

conduits are usually employed.
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| GAS SAMPLING SYSTEM. Fig ctively, for cases where

e

angements respP

Sl gair??ﬁfgggﬁ;;thgof I e fto accommodate the gqp
there 1s 8

ipples must be placed in a ¢
i i d where these nipp ‘
féé:grn;?g;e:;h:zsting underneath and overhead. The nipples 5,

: langes which are welded to the taj)
screwed into the threadedi;pleg e e o 1

pipe or ring, the inlet n % B i e co
i nstream, and 3/8" copp nnecteq
S ’t.t.ings and to the cell by means of zn

the nipples by flange fi : . _
ﬁ::bber cosglings as shown. To prevent. transmitted V]:bratlons
from the gas line to the cell there should be, in the joints, 4

space of at least 1" between the end of the tubing and the inley
and outlet pipes of the cell.

Good drainage of condensate from the gas sampling sys-
tem is essential toa satisfactory flow of gas through the cell,
and it is therefore necessary to keep the gas at a temperature
above the dew point in any section of the line where the gas
flows ‘up'wg.r-d; otherwise the line might become water-locked, thus
s;qpiaéngﬁgas_flow. To this end, the upward leg of the line
P hae ey e more than 18" in length angd well insulated with
asbestos loomor tape. On the other hand, to assure the desired

;, egoggsf:::pelfebm }fih'e‘;ci_ell, it is necessary to have
] and the i letofa:: tubing between the highest point
s . ot the cell for cooling purposes. This

Tmof a coil, but there should
“ Would form a water trap. The
B bf 4_*"3*&8 cell should not exceed
= a8 sampling system be ex-
Will form from the con
' eXtreme heat the cell
cases of extreme cold
g the cell and was'®
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11
ble to return the waste gas from the ce
. ?Otcﬁ?zgilector ring, it may be vented to atmosphere
to the tail pip€ d be cut at an angle to provide

et tip shoul ]
in which cope t'hfdol‘;;lprot,ect.ed against freezing temperatures.

suction and shou

actice is to locate the sampling nipples in

the tail pg:: bf?tsgzhis availableh where a composite samp}e from
all cylinders’at uniform pressure 18 obtained. If the tail pipe
is sufficiently long, the inlet nipple should be placed at leas;

12" from the outlet of the pipe, for where the nlpple is place
| near the end of the tail pipe it may receive'gas diluted, at low
engine speeds, bytheoutside air. An inlet plpple located in the
collector ring should be so placed as to receive a gas sample gnder
positive pressure from the greatest number Of'cyl§nders Possxble,

and the outlet nipple where the greatest sugtlon is obtained. Be

sure a flow of gas through the cell is obtalned.adeguate to cause

guick response of the instrument upon a change 1in mlxtgre. If_1n

doubt, check the pressure drop across the cell with a Q1fferent}al
manometer. A pressure between 1/4" and 4" of water will provide

proper flow.
6 (type S-1IFR-A), #6a (type

OR UNIT, Figures #
THE INDICATOR UNZ’ and #6d (S-I-A), should be

D-I-A), #6b (X-1V-AS), #6c (X-IV-AL), . ; :
mounted on an instrument panel, preferably cushioned against vi-

bration and where it may be easily observed. It shouldbeso placed
that its face is vertical and the scale is in normal position for

reading.

THE ELECTRICAL CONNECTIONS should be made in accordance
with Figure #1 for the appropriate model. Extreme care should. be
exercised in this, and connections should be thoroughly checked

before turning on the current.
After completion of the installation, the mechanical and

electrical zeros are to be adjusted according to paragraphs 5, 6,
and 7 under Inspection and Maintenance, Routine Servicing.

OPERATION

USE_OF INSTRUMENT

After the foregoing instructions have been carried out,
ment is ready for use and with the engine running will
- the fuel-air ratio. The instrument will nor-
nse to a change in mixture in about 5 or 6 seconds,
> should be allowed before taking a reading.
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INSPECTION AND MAINTENANCE

ROUTINE SERVICING

It is necessary Der§odigal}y to perform the service oper-
ations enumerated below. While it 1s suggested that this be done
such routine may be adjusted to the regular in-

every 100 hours, :
spection periods of the particular operator.

1. The sampling nipples and gas line should be cleaned out

and joints tightened where necessary. A drill of the proper size
welded to the end of a length of tachometer shaft forms a good

clean-out tool, or the gas line may be removed from the plane and
the carbon deposit burned out with a blow torch, which will also

serve to anneal the line.

2. Renew rubber shock mounts of the analysis cell where

necessary.

Remove filter wool and wash with gasoline or replace with

S
Also clean out filter chamber.

new wool if necessary.

4. Test the indicator unit for pointer stiction by noting
the pointer position with the current off. Then turn the currenu
on to cause a movement of the pointer (it may be necessary that
there be exhaust gas in the cell to cause this movement), and then
off again. The pointer should return to its original position.
If it does not and the indicated stiction is greater than .002
fuel-air ratio, the unit should be repaired at the earliest oppor-

tunity.

5. Wet the wick in the vapor plug (No. 6, Figures #1, #la,
#1lc, and #1d), make sure the breather hole (size #80 drill) in the
plug is open, and replace. Note that the analysis cell used on
the X-IV-AS assembly does not employ a vapor plug and wick, as the
comparison spirals are sealed for best compensation. Disregard
maintenance instructions in connection with the vapor plug when

applied to this type.

6. Mechanical Zero Adjustment. With the current off, the
pointer should stand at "A" on the scale. If it does not, adjust
to this position bymeans of the zero screw onthe indicator front.

7. Electrical Zero Adjustment. The position of the pointer
on the electrical zero is the same as on the mechanical zero.
To check:

a. First see that the mechanical zero is properly set.

b. Wet the wick in the vapor plug (No. 6, Figures #1,
#la, #1lc, and #1d) of the analysis cell. (For type

X-1V-AS see paragraph 5 above.) |
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in series to receive the same gas sample and
Lt a;e :i:ge:t any point in the range merely by varying phe
it Bl eat. the source of supply which may be any gasoline
S miXtugﬁould such tests reveal the calibration to be off, ad-
jﬁgi;:ﬁt is made by means of the variable slide wire resistor (not
the rheostat) in the analysis cell.

Major repairs should not be attempted unless adequate
facilities are available.

TROUBLE SHOOTING

Augmenting the information contained in the preceding sec-
tions, the following may be of assistance in the event of trouble.

1. If no response or "kick" of the pointer results upon
switching the. current on:

a. There may be an open circuit in the current supply
or galvanometer wires.

b. The ballast tube in the indicator unit may be burned
out.

i 2. If indicator pointer deflects violently to one end or
’ the other end of the scale when the current is switched on:

a. The wires may be connected up wrong or there may be
a ground. Check all connections and if in doubt
"ring out"™ all wires between the units to see if
they are rightly connected. Make sure no strands
of wire are touching adjoining terminals or are
grounded. Test for grounds inthe usual manner, dis-
connecting both battery leads. If a ground is not
found in the wiring connecting the units, it may be
traced to the individual unit by disconnecting the
wires to each unit in turn.

b. There may be an open circuit in the bridge spirals.
To verify that the trouble is in the analysis cell,

) re cell should be installed and the instrument

11 may not be getting asample of the
- due the inlet sampling nipple being

aced; water or ice in the sampling
line or filter; back pressure
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DISASSEMBLY, INSPECTION, ASSEMBLY, AND TESTING

j iven in this section spould be performed
k.llgjlngﬁgﬁgéogslg, and in a dust and dirt free room.
by a ski

A.  ANALYSIS CELL

Disassembly

1. Remove the cover by the six screws around the per-
iphery.

d 1lift
ove the two nuts and the attached screws an f
the terminii pgﬁgl out, thus exposing the lugs to which the plati-
num spirals are soldered.

2 solder all eight of the spiral leads and remove
the three 2cre3: which hold the brass block to the main plate.

4 Lift the block away from the plate and remove. It
cessary to insert some sharp instrument, such as a screw-

g?fvgﬁ ngetweenythe block and the plate to break the block loose.
Handle’the block with care, as sharp jars may damage the spirals.

5. The rheostat may be removed by first loosening the
set screw which holds the head on the shaft with a square wrench
and then removing the two mounting screws.

Inspection and Testing

1. Check the spiral block for broken wires or open
circuit in the spirals by a resistance meter. The spirals should
be approximately 5 ohms each.

2. Check the 25 ohm circular rheostat for circuit and
resistance.

3. Check the 15 ohm slide wire resistor for circuit.
Do not disturb

its adjustment except as outlined on page 10, Cali-
bration Check.

da

n 4. Check the 100 ohm resistance coil (item #19, Figure
11) for resistance.

Check

- the 87 ohm resistance coil (item #18, Figure

k wiring against diagram.

ﬁ& ‘all filter passages with the block
Py o



in the
e BeC" jed before the :er_nbly
reverse order o?lril

s
in getting grommets oy thn
Nea

calibration Check jaced, the cal;
________,__————‘ : en rep ’ allbr
eter blocksheazzzcondafy standard, COnsigt_lﬁn
rpo ac.curacy’ may be employed, o ing
cer ified may be passed t'hrOUgh Bag
- errecte 2 this manner. When the
as follows:~ Remove the rj the
ne-half hour to remoy ltgp
eloth oOT new filterewall
001

must be checked-
of a gimilar instrumen
from @& tank which has
inst.rument. and the

latter 18 used, : 2
wool and air e filter chamb€ Lo
jlter woo with & - _

this 11 jace until the

Lank

fumes. ReP _
wetted with clean waber . e,sistors as sho.wn in figure 9.
eads 1D the actual i ese
Nstal.

tests are completed. n :
pstitute for the - ; ;
; ¢ the aboVve calibration ig .
ar<

resistances are a su
lation and will not b y : :
n position on the aircraft.

ried on with the units mounted 1
Adjust the nechanical 2€re of the galvanometer as gj
under "Inspection and Vaintenance, Routine Servicing", Sarac, ol
6, and set the electrical zero as in "Inspectlon and Mainte graph
Routine Servicing", paragraph 7. nance,
A convenient source of gas is from cylinder
i : 5 . T ; s of e
"Au:,i";:s:e“fcarbon dioxide in nitrogen and hydrogen in certifie
4 m 2k degle‘ifi-g: oﬁsfh,cza.i-bon d.igxijdie innitrogen will giv;trogen.
i N ne lean side and4 t . a rea-
will give a reasonable rich deflection. 0 5% hydrogen innitroge;

: Connect the r tor outle
means of a sh ST egulator outlet onthe ]
strument us?n?r:hiﬁﬁgff’? ~of metal tubing to tg:n iﬁinure et
outlet of one anal: i el tubing for c e
e A cell ma ~ be connected to :gglinis. e
. to chec X
erja=tg:e.§h?Ck more than one i;i:f ;
n Bﬁééo;ﬁ order not to waste t;t
ml!il bw.ill provide a sat,ise-
5._,__,_asetgbta.1ned in 10 to 15
am‘.i,;e 2 ti tank certificate,
€ analysis cell is

f hydr

| h;f»g;oae‘n may then be used
o e rich side. This

bhe resistor adjusted 0

t' available, a pench
8et up, modified 8
l unused analysis cel)
» Or use a Cambridgé




—-————f .

haust Gas Tester. Instead of tanks of mixed
dioxide and hydrogen may be in

Laboratory Model Ex N onn
B e segaﬁzﬁslt22::ressed air in the inlet sample line to the
e miﬁe ell and this mixture proportioned.togive the deflection
Standag cThe cells if arranged in series as illustrated, may then
desi;e ] t to check’the reference standard, either with their own
?ééivfdzzl indicators<N'against the second movement in a multiple

indicator as jllustrated.

Alternately, if compressed gas is‘not available, the gas
to be used in the calibration may bg obtained from any gasoline
engine, the fuel-air ratio beipg ad justed so that the standard
indicator gives asteady deflection, about full scale, either rich
or lean. The 15 ohm variable slide wire resistor on the analysis

djusted so that the indication is the

cell being checked is then a
same as that of the standard. The sample gas flow should be kept

below a head of 4 inches of water to prevent velocity errors.

B. INDICATOR UNIT.

Disassembly
Remove the fastenings holding rear panel to back of

1.
case. Remove case.

2. Unsolder all lamp wires in cases where an indicator

lamp is employed.
« 3. Remove the four screws which support the movement
assembly and carefully withdraw movement.
4. Unsolder the leads from the galvanometers to the
electrical connector socket and coils.

Remove the two retaining nuts and carefully raise

5.
Do not lay the system

the complete moving system from the magnet.
down, but place it on tool #4, Figure 8.

e jﬁmﬂ'unﬁolder» the upper control spring from the lug on
the torsion head, using a very small soldering iron and being
careful that the iron does not come incontact with any other part.

ekt >.-ft-.(--r_.é
LB
b T L F

e two screws holding the torsion head in
 molding and remove.

the lower control spring from the soldering

. springs by unsoldering at the
This step is not necessary if




is operatj
in th on
d ggure fromthe hanq>°

: erclse
spould P2 S uen W2
caré = ied PY
m. r
s uﬂsc"ewifhies A disto ” agsembly from the Corg.
that the ee and point‘e ;
etc. yhe coil ved by warming the 5.,
11, Remove now b€ peic '
The poil ulling raspin ‘o
1 wifn an irot il may P¢€ e A N
glightly jghts
nce Welb off-
13. B:l: Lding full rom the iron corcla by logg.
warm tweezers as y be removed them out. The clamp 8Crg,

14. Jewels mand pressing

i mp screw @ 8 ron
enmgctt;h?r;:;atge front of th
e

core-

proj
: neg.
Inspection and Testing. 4 be performed before digsg.
"~ ohe following tests shoul
and after assem y- . . |
sembly ot stiction (friction to free SWing.
g7 Checsk f;‘%rlirl,é:s:— f the inglczsr?::enlts ;“nougggd in
:;g ;{a:ﬁ:e acnoall}uﬁy conne“edamt&renf?:ggryreading. DisconnZii
that the indicator deflgc;gtgrreading B ator. 1t cho

supply current again an : ivot stiction isnot present., I
t originally if pivo AL,
:::drzggi:;mgi?fs‘ers ‘f‘rom the original Dby ?grihzhigdiéitg;vismn
of the scale, the stictionis excessive. o o i to
be tested for stiction while removed from tUhe bp 2 pr hee as
above, except that a deflecting current must be furnished the

i soplied f 11 in series with
alvanometer. This may be supplied fromadry ce

fooo'ohms fixed and 100,000 ohms variable resistors or from any
suitable current supply of about 0.5 milliampere.

2. Check for mechanical balance. This must be done
with the indicator removed from the plane. Note first the posi-
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i i ticks at any point
d note if the pointer s
the current 51°"1§332rse the connections and repeat on the other
alongthescaleie If the freedom isrestricted, the obstruction
side %fthemsggd . .50k for fine hairs or minute bits of foreign
must be re 4

material.

After disassembly, perform the following tests and in-
spection:i-
ct the jewels under a high powered magnify-

1. Inspe ;
for cracks, pits, or worn spots. If found

ing glass or:nicrogcope '
faulty, replace with new jewels.
e the pivots under amicroscope and, if the

2 Examin :
replace with new ones.

points are worn of f or broken,

3 Check the moving coil for circuit by connecting

a resistance meter across the two copper tangs where the hair

springs are soldered.

4. Check the ballast tube for circuit with resistance
This may be done without disassembly of the main case by
unscrewing the cover cap and then unscrewing ballast tube. To
facilitate removal of the ballast tube, relieve pressure of the
coil spring around the lamp base with the thumb nail before at-
tempting to unscrew the tube. This coil spring locks the tube

meter.

in place.
O Check the wiring of the unit by referring to dia-
gram.
6. Check series and shunt coils for circuit.
7 Check variable slide wire resistor.
8. Check lamp resistor (opposite slide wireresistor).
Assembly

' 1 Press jewel case into the center of the iron core
anq tighten the clamp screw. Thoroughly clean the jewels with a
pointed piece of wood such as a toothpick.

: . 2. Mount pointer on moving coil warming the joint
w1tp an iron to soften the shellac. Hold the iron on the joint
until all the solvent has been boiled off.

) _ S Balance weights should next bemounted by grasping
:;:h ai§a1r of warm tweezers and sliding on the cross arm above
coil,

. 4. ﬂo}ding moving coil in the hand, start the pivots
into their positions, stopping before the pivot points extend
beyond the coil inside. Warm tool #1 and use for screwing in
the pivot. The coil should now be placed over the core and a




and the core

h:r::’ She pivot at ko e
oil gwings freely

e must be takLJ

stictiop ml“

Ay

g

golder control gpry
end of th?spring WTE“
: gwing the govLt czg: burn?r ot,he;h:,of’,‘é”n:
outt%;gi;° . addu3°°d by bending_gff

n Bcon“m,riciw je malntained, Thr,
aensitivuy will be impﬂirtg

L

j gsar I 8
ai,g.i:::x:em. yl'lould be carefully mad® a'gre used.
if badly operating control spr

6. Solder outside gurn of 1°"°r,f::t::tl,1§pﬁn§ Lo 8014,

sring lugs Dend uhe GIET e :glg‘::.” T attemp: ays naty.
nst the 1ug and t nding later. If the coiider

g operations should brict

ng

rally agal
nd adjust it ¥ be
the turn-to the 1ug & vegy slight pbendin
he paper wedge and syj
hould remain concem‘:.'.‘8
le

g

to copper t

a pair of

should remrin c:ngec
jeit

e & eaolderlng

' procedure 1is followed,
the spring into proper gshape. Remove U
the moving coil. The control gpring turns 8
about the pivot center at all times.
7. Mount torsion head to bakelite molding and so)
outside of upper control spring to lug on torsion head simil 8
St e manner in which the lower spring was connected. 8riy

8. If the magnet has been removed, 1t must
eriy postufinedr ‘Tlghitn doun clump soreve urt
freely. e screws until the magnet the
tem anyd u:g::;‘ ;gan:gelgég(:igure g8) in place ogf th'gazovbiengmoved
(red) pole of th magnet screws. Remove the ji 8ys-
bl il e o is positioned back of th § ) e norun
U= r and back of the lean e rich end
X-1V-AL, and S-I-A indieia-t.,of-s..the lean end of the D-1-A, X-cl)g-xge

9. Carefully A

studs, being very car y mount the moving s
Boln oy AP e B ek et
ould swing freely in %na;f?’a:?"‘“‘" holding in po;‘;: ‘;oggaig? wan
RS ap - The coil

dicatop (l0: Solder the galvanom
cator terminals as i“‘““*gﬁd ;(g;:ﬂf;@fgﬁ leads to the coil _
i o' et ”! -‘;&M.ng' dlagr g, s and in-

: 'a-"-d'nj'{“:t.ved 80 that a barely
N 1: present. Too much
: ttle will result in

=% On page 12 under In-
aragraph 2. If, whel
he right, the left
vot center. Wedf®
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he weight
as explained previously and grasp t

zers and pull out very gently, else the pivots will
ot t.we;af the pointer moves left on this test, the right

be Aamage ht must be moved out.

palance weig
On thé second test, where the indicator is rotated

i 1 ht
if the pointer moves up, the palancg weig
7 degx{:te':; must bemoved in, and if the pointer is heavy

alance weight must be moved out.

the coil with paper,

through b
opposite e

(xgoves down), the b

. To replace the lamp socketc inthe molded bakelite

roiged as folill)ows:- Place awarm iron on the socket front

front, gve the old socket. The socket is cemented in with flex-
?gg r:ﬁeuac which will soften at a moderately high 'faemperature.

g the wires from the new socket through the molding and warm

the eful not to melt the soldered

jth an iron, being car ‘
T sc'Cke't"T;',n“ the sockét with flexible shellac and press into

gg;?:?c}m in the instrument front. Allow tocool without moving.
14. Carefully replace themolded bakelite front, mak-
ing certain that the zero adjusting forkon the moving system pro-
perly meshes with its mating part. Exercise care to see that the
pointers are not struck in this operation. Replace. the four

screws holding the movement assembly in place.

15. Resolder the lamp wires to the terminals in ac-

cordance with respective wiring diagrams.

16. Replace the metal shield housing, tightening the
fastenings.
17. Check the indicator for pointer freedom as ex-

plained in Inspection and Testing of Indicator Unit, paragraph 3,

page 12.

-

18. After making any repairs to the moving system, the
sensitivity must be checked, and proper consideration must be giv-
en to the galvanometer circuit resistance. The net resistance of
any indicator including installation wiring, connected to the an-
alysis cell , must be 4.8 ohms at the analysis cell terminals.
Thus, in the case of the master and duplicating indicators, this
refers to the parallel resistance of the units, and in the case
of the D-I and the X-IV types, refers to the individual galvan-
ometer and its pair of wires up to the analysis cell terminals.

For resistance and current sensitivities of each of the various
One of the following meth-

types see the tabulation on Figure 10.
ods of checking indicator sensitivity may be employed, depending
upon the equipment available.

ethod: - An external circuit, con-
4 e ted in series with a fixed resis~
0 ohm variable resistor and a sensitive

‘read 0.475 milliampere) is connected

terminals. See figure 10 and appropriate
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ted in table
o value designa
Ad just the cur;g“:h; variable resistor and note
of the lole If the galvanometei deflectsg
n the scale. d The galvanometer
Vi be decreased. 01
sensitivity must reads correctly. A
:gzg?dmﬁgi,b;hzdjusted until the galvanometer

is to insert g
A roper value
convenient method of determlnlngftgﬁepshunt and after a value of

i resistance box instead © 1 ickel shunt coil to
Zﬁ:ligi?stance has been obtained, adjust the n

this determined value.

wiring diagrams.
on Figure 10 bx means
the pointer position ©

n place when

The indicator metal shield cover m“s‘ciﬁiiim s velae
determining this resistance and when cheggggg- When this adjustment
after assembly and closing of the instru it should be removed

ircu
has been correctly made, the external c o hce has
and the internal series resistor adjusted until theres

the value tabulated for specific type on Figure 10.

Each of the galvanometers should be similarly adjusted.

b. The Potentiometer Method:- The required cir-
cuit in this method isalso shown on Figure 10. .90 m1111volt§.are
supplied to one galvanometer terminal and one side of R2. Adjust
the shunt coil until the pointer deflects from "A" to .090. A
resistance box inplace of the shunt may be employed here similarly
to the previous method. Be sure the metal shield case is in posi-
tion in making these tests. After having made this adjustment,
disconnect the external circuit and ad just the galvanometer re-
sistance at the indicator terminals by the internal series resistor
to the value as tabulated for specific type on Figure 10.

19. After renewing the ballast lamp, the bridge current
must be checked. This may be done on the completed installation
in the plane. Insert an ammeter (0.1 ohm or less in resistance),
which will measure 180 milliamperes to an accuracy of plus or minus
1/2%, in series with lead #4, "U", or "D" on an analysis cell (refer
to appropriate wiring diagram) and turn on the current voltage
supply. The battery voltage for a 12 volt installation should be
13 volts (for a 24 volt installation, the battery voltage should

be 26 volts) and the current 180 milliamperes. If the current is
not correct, it should be brought ‘to the correct value by ad justing
the variable slide wire resistor in the indicator unit.

When it is desired to check the ballast tube on the
connect the complete system as described in "Cali-
ck", page 10, and connect a 13 volt supply to the battery
inals fora 12 volt installation (connect a 26 volt supply for
olt installation). Set the current to 180 milliamperes ag
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