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ERRATA 

For all H~-140-X receiver Nos. 300 and higher, 
the following two changes should be made on the 
schematic diagram, Fig. 7, of the instructional 
manual. 

1. The top line from C2H should connect with 
the first intersecting line to the left. 

2. The line running up from R48 should be con­
nected to the bottom instead of the top of the 
84 switoh. 

For all H~-140-X reoeiver Nos. 850 and higher 
also make the following change: 

Resister R35 should be 180K ohms (Hammar1und 
Part No. 19309-103) instead of 820K ohms on the 
sohematio diagram, Fig. 7, and in the Parts List, 
page 19. 

For all receivers NOB. 1495 and higher make 
the folloWing ohange: 

Item C68 is a oeramio trimmer, NPO, 3-12 romf 
and oarries te new part number 23059-2. 
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HQ-140-X 
COMMUNICATIONS 
RECEIVER 

TECHNICAL DESCRIPTION & 

OPERATING INSTRUCTIONS 

In order to receive thc full unconditional 90.day 

warranty against defective material and workman. 

ship in this receiver, the warranty card must be filled 

out and mailed within two weeks of purchase. Please 

refer to serial number in correspondence. 

THE HAMMARLUND MANUFACTURING CO., I~C. 

460 West 34th Street New York 1, N. Y. 
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Fig. I--The HQ-140-,( Reeei\er. 

INTRODUCTIOl\ 

The Hammarlund HQ-J40-X is a modern, general purpose, super­
hetero<l\-ne communications rect:'iver designed to mail! tain high perform­
ance characteristic~ for mam- veal's without adju><tmenl. The standard 
cabinet modd has a self-contained stabilized power supph- operating from 
a 50-60 cps, 105-125 volt AC source. 

Frequency coverage is continLJousl~- tunable from 540 Kc to 31 Mc 
(555 to 9.7 meters) with adequate selectivity to separate crowded signals. 
Full use of the receiver's high sensitivit.,- is available for reception of even 
the weakest stations because of inherently high signal-to-noise ratio and 
the superior Hammarlund nuise limiter. The special patentt:'d Hammarlund 
cr)'stal filter provides extreme selecti,·it~- for the high attenuation of 
closely adjacent interfering signals. 

Band sprea(l tuning is available on the four higher frequenc.' ranges, 
with direct calibra tion for the 80, 40, 20, 15, and 10 meter ama teur 
bands. Calibration charts for other ranges ma,- be easih- made for use 
with the arbitran- band-spread logging scale. 

While this receiver was designed primarih for communications use, 
good fidelity of music and voice reproduction in both the standard and 
short wave broadcast bands is provided. Power hum is negligible. Either 
headphones or loudspeaker ma~· be used. Automatic volume control aids 
in keeping mu"ir and voice reception at the d<'sired level. 
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When you are interested in recelvmg telegraph or code signals, )OU 

will find that the HQ-140-X incorporates an unusually stable beat fre­
quency oscillator. An "5" Meter enables you to obtain accurate reports 
on received phone signals while the Send·Receive switch and relay connec­
tions permit associated transmitter operation without interference. 

Large, comfortable and carefully positioned controls make thp lIQ­
UO-X a truly professional-type receiver, the ideal instrument for operating 
in torlay's crowded short-wave banils. 

INSTALLATION AND OPERATIO~ 

Unpack the receiver carefully. Make sure that the fuse, tubes, asso­
ciated tube shields and pilot lamps are in place. Tubes V4, V5, V6. VB. 
V9, VlO, anil VII are not shielded. 

Connect the permanent magnet dynamic speaker to the two terminals 
marked SPEAKER on the rear of the receiver chassis. For best perform­
ance do not place speaker on top of receiver cabinet. The antenna may 
then be connected as described under ANTEN~A. 

Basicall), all that is necessary to operate a rarlio receivel' are the tuning 
anil volume controls. The additional knobs and switches found on a pro­
fessional-type receiver such as the IIQ-140-X control functions which 
greatly improve operating performance. 

The receiver "ON-OFF" switch is on the AUDIO GAIN control. If 
you are unfamiliar with the type of power available, check with the local 
power company before plugging in receiver. Turn on the receiver by ad­
vancing the AUDIO GAIN. Check to see that the pilot lamps light and 

tubes warm up. 

6BA6 68E6 
R F AMPLI FIER MIXER 

OHMS \ 
400 

1 0J 
~ 

ANT. 
COMP. 

A 

G 

'----'V\/'v---. +B

I '-------..... +B (Reg) 

-C 

Fig. 2-Tuned R F Amplifier and Mixer. 
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While the tubes are heating, set the TUNING RANGE switch in the 
.5 t·l.32 position, MAN.AVC·B FO on AVC (automatic volume control), 
CRYSTAL SELECTIVITY on OFF, STANDBY ·RECEIVE on RE· 
eEl VE, and SENSITIVITY on "10". Tunc in the broadcast "tations h~ 

u"ing Ihe MAIN TtJNING dial and AUDIO GAIN control. 

For accurate tuning wa tch the "S" meter. Adju"t the MA LN 'I' L1N INC 
dial for maximum meter reading for the station to which you are listening, 

The ANTENNA compensator knob, the final adjustment, also should 
bt> set for /!;reatest meter deflection. 

When automatic volume control is not desired, the MAN -A VC·B 1"0 
switch can be set on MAN (Manual), the AtTDIO GAr\l control tnnwd 
fnlly clockwise, and the SI':!~SlTIV[TY control emplo~~ed to provide lIlt' 
desired volume. When headphones arc pluggt~d into the jack in the ItHv!'!' 

right hand cornel' of the panel, the speaker is disconnected. On the rear of 
the chassis arc two pin jacks marked RELAY which can be connected 10 

the send-receive relay of the transmitter for break-in olH'ration, With tht' 
STANDBY-RECEIVE switch in STANDBY, thp !'eceivpl' is silent hUI 

reath for instant use. 

The BFO (Beat Frequenc.\' Oscillator) control providt's a witk t'hoicc 
of tont's {OI' CW code opel·ation. Turning till' MAi\-AVC-BFO switeh to 
BFO disconneets the automatic volume control, and the SE,\SITIVITY 
control must then be employed, It is often a greal Iwl[> to U"I' the LJ :\1. 
(TEH in ,,1.01'1 wave recl'plioll. 

TIlt' I'll ASI NG cOlllrol normal" is sl'l at lhe alTow in Ihl' ct'nlt'r of 
its "call', Imt ma~~ hI' adjusted 10 cui out inle..rel'ence froll1 8tation" 011 

either side of the "ignal. With the CRYSTAL SELECTIVITY switch thc 
operator ean choosc the degree of selectivit~ that provide" the grcatesl 
fidelity with minilllulll interferencc. 'I'll{' first thrl'c positions art' for pitonI' 
"eception and the fifth antI sixlh for singlt' siglHtI 1'0.11' "l'cl'ption in t''(. 
Irenu,ly crowded bands, 

St't conlrol" as follow" for initial opt>ralion: 

CONTROl, 
jill' 

/)//0;\ /.; 

I 
I jiII' 

err or COJ)F 
I - -
! 

IvIAN·A VC·BFO AYC BH) 
CRYSTAL SELECTIVITY OFF OFF 
CRYSTAL PHASING At Arrow At AlTtH\ 

CWTONE Inoperative ±2 
STANDBY ·RECEIVE RECEIVE RECEIVE 
LIMITER As required As required 
ANTENNA To Peak Signal To Peak Signal 
AUDIO GAl~ Adjust lO 
SENSITlVITY 10 Adjust 

[-l ] 
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TUNING RA NG ES
 

Meiers 
nand Freql/('(/lT Wa/'l' 1,1'1/{!.lh 

.540- -1.32 Mc 
2 U2--3.2 Mc 227 --9:U 
3 3.2 -5.7 ]\le 93.7--,52.6 
,I S.7 -10 :Me 52.6-- :~o.() 

S 10 --13 Me 30.0-16.7 
6 IR -;n Mc 16.7 <}.7 

TUNING PROCEDUHE 

To tune in a standard broadcast station, it is mel'el~- necessary to lune 
Ihe MAl" TUNING dial to the desired frequency. The BAND SPRE>\f) 
dial is inoperative on the first two ranges. 

For reception of short wavc stations wilh the MAC\' TU~r"G dial 
only, it is necessary to set the BA~D SPREAD dial to 100 in onlt'r 10 

attain a calibration accuracy of 1% or better. 

The BAND SPREAD dial is calibrated directh for Iht' RO. -W. 20. 1S. 
and 10 meter amateur bands. To make use of (his ft'alurt'. sd Ill(' \1 AI \ 
TUNING dial at the high frequency end of tIl(' dt'sirt'd amalclll' baud, 
The BAND SPREAD dial then ma~- be tmwd over the range seleclt'l!. For 
a higher degree of accuracy the BAND SPREAD dial ma~- be st'l (0 Ihe 
exact frequency of a known signal and the MAli'I TU~JNG dial care­
fully tuned for maximum signal. It is no longer neeessar~ to to\lch tilt' 
MAIN TUNING dial. and the BAND SPREAD calibration will hold. 

A 0·100 arbitrary logging scale is also provided for band-spread tunin~ 

of any desired ranges whieh arc not directl~ calibrated. Again tIll' M >\1 \ 
TUNING dial is set at the high end of the st'!t't,t('d rangt'o Turning tht' 
BAND SPREAD .lial from Ion to 0 (IIIlt'S th(' /,t,C't'ivt'r progrt'ssiv('l~ IOIH-r 

in fn'qut'ney. 

The following table intlieatt's the appt'o,imate f/,t't\lwne~ I'Ungl" l'o\l"n·d 
b~ the BAND SPREAD dial at various settings of tht' MAIi\ '1'1 \'1\(;1 

dial, for each of the four highet' frequenc~- bands or till' rt'ct'iwt,. 

Band Lou' End Middle Hi{!.h EI/d 

3.2-5,7 Me 0.4 Me O. 7 ~Ic 1.25 Mc 
5,7-10 Me 0.2 Me 0.5 Mc 0.9 Me 
10 - 18 Me 0.2 Me 0.5 Me 0.9 "Ie 
IR - 31 Mc 0.6 Me 1.2 I\[c '1 'l1\1c 
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DESIGN
 
.symhol Type Tuhe Comp7ement Fllnction 

VI ()(~t Triooe Oscillator 
V~ (IBA() Rcmote CUloff Penlooe RF Amplifier' 
v:~ 6BE(J Pentogrid Converter Mixer 
V~ 6RA6 Remote Cutoff Pentode ]st IF Amplifier 
VS 6BA6 Remote Cutoff Pentode 2nd IF Amplifier 
V(l (dlA6 Remote Cutoff Pcnlode 3rrl I F Amplifil'r 
V7 (IALS Twin Diode Dpleetor, A VC; ['oi,... 

Limiter 
V8 12AlJ7 Twin Triode lst AF Amplifil'r: BFO 
V9 6V6GTjG Beam Power Audio Power OUlput 
VIO OC3/VHI05 Voltage Regulator Voltage Rl'gulatOl' 
VII 5[J1(; Full Wave Hectifil'r Rectifier 

PRE-SELECTIOl\ 

The antenna input coupling and H F amplifier stage proVIde the neces­
sary pre-selection and gain for high performance and rejection of undl" 
sirl'd signals. The lligh signal Inel al the mixer grid, V3, contribntes 10 a 
favorablp signal to noisp ratio. 

Both grid and plate circuits of the HF stage are tunpd; individual 
luning coils arc selpcted for pach bano. 

Thp antenna compensating capacitor, aojllstable from Ihe fronl panel. 
pl'rmits the receiver to be rpsonatpd for oplimum performaJ1(~e with Ihe 
antenna in usp. 

CO!~VEnTEH STAGE 

A hi/!:h dt"w'c'e of ost'illalor "lahilil~ i" allailwd h~ tilt, liSt" of a "f'J,aralc 
lIIixer ((dn:(l), V:t alld an illdcpc'lIdclIl oscillator (6<: I), VI. 

The ollll'ul "ignal 1'1'0111 H F a III 1'1 ifipl', \'2, is IlClt'rod~ IIcd wilh Ih," 
0111 [luI of Ihe local high f"Nlue,H'~ oseillalor, V I, ano electronically ('0111­

binNI within the mixer tubp, V3. On the four lower frequency rangl's til(' 
local oscillator is 455 Kc above the signal frequency, On the two highesl 
ranges the oscillator is 455 Kc below the signal frequenc~~, 

Low-loss tube sockets, ceramic band switches, templ'rature compl'n­
sating capacitors, zero temperature cocfficil'llt ceramic trimmers, and a 
bi-metallic compensating plate all contribulc to oscillator stability. Ad­
ditional frequency stabiJit~ is attained hy applying regulated voltage to 
the oscillator plate and b~ the rugged construction of the entire oscillator 
Eleetion assemblv. . 

[61 
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rig. :~- -CrysLal FilLer Cirelli!. 

CHYS'L\L FILTER AND PHASIi\G ~ET"()l{[\ 

Tlw llatcnleu lIallllllariund 'IS,') Kc (T' ,;lal filter and phasing nCI\\od, 
i;; .'onlrollc{1 fWIlI the 11<,>-lc~O-X rronl panel. _lIs "i:\-I'0sition SEI,I':CTI\-­
ITY SII it"!. includes all OFF position and hVc ilH'ITasiugh "f'!(,t'ti, (' hand­
"idths. 

S"itch positions I, ~_ alld :3 provide progr('>;,.;i,el, sharper t'n"tal 
,.;e1t'cti,-ity ror u,.;c ill pll<)])c l't'L'cplion. Po;;ilioJls I and S, lhc ,;harj.'f'st 
::;electivity positions, arc recollllnendeu for rtelial)Je C\\' or codc recpptil)ll. 
JI ighe::;t fitldity is obtaineu in Ihe OFF po:;ition, \\ hen the cr., :;tal filler is 
iuoperative. 

The phasing eonlrol mal' be set to highl~- atteJluale interfering adjacenl 
signals. With e:\perieneed operating technique the en stal fi] tel' offers 
distinct advanlages undel' severe in tt'rferenee ...ondilions. 

IF Ai\lPLIFIER 

.\'ille Iuned cireuil;;, ill Ihree stages or J r: alllplifieatioll (v 1, \ S, 
all.l VO). conlrilJult' lo sen,.,itivil'- aud :;eIcclivilL The gain per slage i:; 
pm[losel.\ low in order 10 mailltain stabilil). !ron core perrlJeability-ttlned 
Iransformers improve performance and add to th... ease of adjustment. 
The inlermediate frequency is 4·.).) Kc, the RTMA slandard. 

\ YC S YSTEi\1 

:\utollla lit: \' olu IIlC COil twl minimizes fadint; and signal sl n:nglh 
variations by conlwlling the ~ain of the RF sla~c \"2 and the IF stages 
V4 and V5. As a resnlt, a comfortabk and constanl level of audio is main­
taincd. 

I~ I 
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_-----FUSE 

4th	 IF-------i 
Z 4 

--POWER 
TRANSFORMER 
T7 

3rn I F ------...; "\ool---FllTER 

Z 3 CAPACITOR 

~I-__	 OUTPUT 
TRANSFORMER 
T5 

2nd If_------j 
X' TAL FilTER 
Z 2 

1,t IF _ 

Z 1 

The AUlotnatil~ Vollllnc Control i~ operalivc onl~ wlwn (lie ,\lAi\ ­
\, C-IH'C) ~witdl i,,; ill the AVe po,,;ition. ,rilll A VC I!reate,,;t ,,;ig-nal-to­

I\()i~(' ralio will rcsult with the SE,\SlTIVITY control set at InaxilllUtn. 

II nI<l \ he neeessal"\ to n:duee ,.;(~nsitivit\ slightly for ullusualk strong 

~i~nals. 

The "5" or Tuning .Meter is provided to assist In tuning and to give 
an indication of relaLive signal strength. Because the meter readings art, 

I'rlll'ort Lunal to Ave vol tage. it i,,; opera ti ve ollh whell the MA:Y·AVC· 
liFO ~wilt'h is ill the AVe position. 

The flleler. which is calibl'ated to 20 db o\'er Sol), IS factor) adjustl'" 

~() thai a ~ignal inl'U! of approxiJllatel~- 50 microvolts gives a t'cading of 

S-\'). l<ae!t "5" uni! indieaLe" a 6 dh ifll'rcasc, equivalent to douhling signal 

SIren;.:! II. 

~h()uld nl('tl'r IT-adju,,;tutr:nt he nel'es,,;an: 

1.	 51' Lfront panel SE~SlTlVITY con Lrol Lo "10" and e BYST '\L 
SI~Lt<:eTlVITY to "OFF". 

2.	 "'ilh receiver off. mechanically zero pointer with a fine screw· 
dri \"('r. 

IHI 
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,\.	 \\itlt tlte \\COII alld Ilw J:-l Ii" tlll ... \11'l'lIlml'd. ZITO 

pointer \litlt ZLI{(1 \D.lIl(ll(·II(iolllell'r I{-II). 

I.	 \\ itlt .\ \ C on and \ I I'l·pla(·(·d. adjn";l nll'(f'l" ";('II"ili\ it,\ \I illt 

~ I';, S 1'01 enl iOllw tn I{ -~:\. 

SECO~D DETECTOR AND NOISE LL\lITEU 

On\' sef,tion of the 6AL5 lube V7 is used [or the seeond deteclol' and 

\ YC s~ Slem. This s~'stcm [l,'oduccs a minimum of dislol,tion. 

The other haIr of ,. 7 opera tes as a series, self adj listing noise limi tCI·. 

It. \1 ill I'l'durc aUlomobile ignition and other l~ pC's of impulsc noisc 10 a 

Illillilllllfll, InteIJigihilil' is nOI affeded In tlte noisc limilrr, allhongh it 
11Ia.1 he swi (ched off i r de,;in'd, 

UK\T FREQl"Ei\CY OSCILLATO}\ 

Tlte BI'a( Frcqllcnl'\' Oseillatol'. II Itil'll cll1plo~'s 0111' sectioll of t1w 
12AL 7 (VB), is designed 10 provide rcecption or C\\ or IInJllodlllaled code 

,;ignak The CW TO:\E control permits selection of the desired audio 

tone. Eaeh calibralion division represents approximatelY lOCH) c~des. 

The BFO is onl~ opera live when the MAl\'-AYC-BFO s"itch is in the 
BFU posilion. 
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VI 
6C4 

_ _ ti 

~ R2 

~ 47K 

~ V2 

RIS 

RI7~ ",~gn:0l'-Oo _ cr ~ 470KN- ... J cr 
(.J

"'=?"" U"1' q 
SI-R
 

CRYSTAL
 
SELECTIVITY
 

C29 05 

I II ~ 
-' ­022 r ::kC39 ," S4 ISTANDIBY"'" R43I RECEI VE~I~ 3900I __ MAN. BFO b 0 .,k.

n~~_O__ J___ I ~SENSITIVITY 
~ S2 R38 R39 R40

I R4 R5 62K-IW 10K 240 I 
lOOK 1 10K +- ~ I 

CS L4 T6
1 ::);:.022 SS-6R SS-4R ~ SS-2R RSO RSI n 

L6 L-S L1flfBO L9 LB L7* ~o ~ --, "'" R,~9 -~o ~4;~~~ 1~5~;+C52C~OC2 DCII~ 
./ ~ 7 ~ CIC W _ "",CIE 7 + E ~ ~ 

~ .:::L. 3 20 - 20 - 10 - 80","" MFD QRc a, V . - n ~I ~ MfD MfD ~ 
IS( IiC ~ ~ 'I ~ - VIO VII 6«

~S-6; SS-~; V C2D 1 r ~:~ I C2~ Cl V;~~OIS dD d\ ) 9?~) J :U;G J 4 j 111:t~~~LIICID C2FIA 
~ 

J 
---c>+((j 2~~~ 'l~ Tj tpR§!. P 1 'V" .1,1'" 

4 
'0' ",' i 

[loG ~L- L~f'2~"[:~lIf~;L16 LIS L13,. C~I~ ~CIF -~ C~ ~ ~ ~ ~;; ~::'1 ~ ~ ~ ~-Lf'4~-~ff 7 ::'1 C5\tl3C51­
11; ~5= ~P - to tD I' -"'> .... tDIII III U) III to ,022-=- 5R - JI.' J N "''' N U) lD III CD Ill", .022

EI ~ ~ ~ ~ u.r ,55-IF tD - -;: ­

. u u"* I ' ~, NorESo - 0 --I-WAVE BAND SWITCH 55 SHOWN IN 18-31 Me. 
S5-3~ II ~ M +0-- POSITION. WAFERS .NUMBEREO FROM I TO. - NO I 

~~ ~ .I. " ~ BEING ~L;,~~~T R~~,~~g~;ARE 1/2 WATT UNLESS 

55-SF -:;- 0 ~ S5-IR OTHERWISE SPECIFIED. LETTER "K" INDICATES 115V.A.C. 
~ MULT1~~~~~~'g~A~ldlo,.~~S ARE IN MICROMICRO· 

I I"':~ ~ 6~~:gl\(OMR~Fls~~~~~~V6~CI~:t~iiu~USM~~RES-IN1 o 0v co I'- .J 0 (h MICROFARAOS(MFO.).ELECTROLYTICS ARE SHOWN 
CIB L-.-...o""" S5~3F tD ~ ...J ~ ~ co :J WITH PROPER POLARITY CONNECTIONS. 

C5S .x ~ -. l ",- U :Zr-l,i :::'-, ~ I- f- ~
 
-1 7 It " " ~ ~ ¥'"
 
.20 lcs6 lCIA ~ C2B C2C 0 r'= _ JI ~ c7~f ... 0 '" ~ 

T X ITT -, I'- f-~ ~ I'- a v0 .022 a 
ANT. I'-Tr:: u r" u 81"1'­

-+ 
U'"J 

COMPo "'=' U <D !=' I U 

RS2 
2200 

SCHEMATIC DIAGRAM OF: THE HQ-140-X RECEIVER 

Fig. 7- Cireuil diagram. 
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AUDIO AMPLIFIEU
 

The first audio stage is a resistalll>e coupled voltage amplifier Il,;ing 
the other section of the 12AU7 (V8). The audio output stage, a 6V6GT, G 
beam powcr amplifier (V9) pl"Ovides an undi,;torte~1 output of at least 2 
watts. 

The output transformer impedance is 6 ohms to match the voice coil 
of thc Hammarlund or other suitable permanent magnet ,;peaker. Thc 
phone jack is connected across the voice coil winding and silences the 
spcakcr when the phone plug is inserted. 

POWER SUPPLY 

Thc ,;clf-containcd. ,;tablized power suppl~ is dc,;igned ,\ ith a large 
safet~ factor to insurc reliable. trouble-free operation. Ilumfrce perform. 
ance is provided b) a two ,;ection filter. High voltage is supplied b~ the 
5U'lG rectifier. VII. The OC3/VRI05 (VIO) furnishes regulated voltage 
to the variable frequency oscillator VI and the screen grid of V2. V3, V4, 
and V5. 

l\NTENNA 
The II(J·JlO·X i,; designed for u,;c ,\ith cithcr a "ingle wire or balalH'ed 

t~ pc of antcnna. A good match to mo,;t antenna s~ stcms will bc obtained 
becausc of thc receivcl"s input impedance, nominall~ 400 ohms. and it,; 
high sensitivity. 

For gcneral coverage an illlloor wire of 20 to 50 feet will give SU/·IH·i,;. 
ingly good reception. A long single wire outdoor antenna such as shown 
in Figure 8 will generally give entircl~ satisfactor~- performance. This 
wire may be 50 to 75 feet long. 

For best reception thc antenna should 1)(' isolated as much as pos"ible 
from neighboring objects. 

--<1IJ~~~-75-F-T-OV-EFl'\ll---

r-

I 
I --_ 

\~"" 
Fig. 8--Antf'Jlua 8ugge~tions. 

r ,,) Si ngle Wire. ( B) .300 ohm folded .1 i "l'0lt·. 

ll21 
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Optimum performance on a particular amateur Land or other nanow 
tuning range will be obtained by using a half-wave di-pole or folded di­
pole fed with 300 ohm or suitable lead-in as shown in Figure II. 

The length of the required di-pole may be calculated by the following 
formula: 

't68 
Length (feet) =------­

Freq. (Mc) 

A good ground, although not absolutch- necessal'~, will frequentl~ 

aid in reception. 

RE-ALIGNMENT PROCEDlTllE 
A. Equipment necessw)" 

1.	 Cathode-ray oscilloscope (externally synchronized by 
the signal generator.) 

.,	 Frequency ~Ilodlllatcd (S\vcpt) signal generator (fairly 
COllstant OUlput.) 

:~. Output Meter. 

B.	 IF Amplifier 

The intermediate-frequency trallsfonners arc iron-core per­
meability-tuned, and resonated with fixed silver-mica eapacitOl's, 
A high degree of stability l'esults, which should make IF-re-align­
ment unnecessary for a long time. Re-alignment should not be 
attempted without suitable equipment. 

IIQ-l tn·\ 

R£AR OF C.HASSIS 

0<DO 000 ANT. 

: :...--TE5T fREQUENC.IES FOR 
I I R F L 05C. ALIGNMENT 
I I 

I 
u 
:2 
0 
,oj 

u 
:2 

~ 

u 
JI.. 
~ 

u 
JI 
0 
"! 

V 
JI 
~ 
~ 

I I 

osc. 
" 

t.32 
TO 
3.2 

5~7 
TO 

10.0 

3.2 
TO 
5.7 

" 

Fig. 9-Left: Diagram for tuning I F Amplifier, 
RF Stage and H. F. Oscillator. Fig. lO-Selectivit)" Curves. 

[ I :\ I 

SU.[C""" ,v••n at g'''UUT ,., ..., 'o.. "o~, 

'II III 
\' \1 VI III 

}\! 'I I I. 
II 1/II 

.. .. 
: II ~ 

L~ ~ ~ .J .L( 

/:1 II .\ 
, \1, / :// 

}---, ~ " 1\: ~ /II / 

I I! i~ ~J. I 
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The IF tran:oformer:o must be tuned for symmetry and 1'roper 
eoincidence of the visible curves as well as for amplitude on the 
o:ocilloscope. This requires a stage-by-o;tage alignment, starting 
with the last IF transformer (Z4) and continuing back through 
the first IF transformcr (ZI). 

'fhi:o i:o the procedure: 

(l)1'8('1 recei vel' as follow8: 
MAIN TUNIJ\G DiAL .... .54 Me 
Bandswitch (TUNLI\G RANGE) . .54-1.32 Me 
STANDBY-RECEIVE . RECEIVE 
LIMITER . OFF 
MAN-AVC-BFO . MAN 
CRYSTAL SELECTIVITy .... OFF 

(2)	 With the generator set at 455 Kc apply signal to the grid 
(pin No.1) of the 3rd IF tube (V6). Adjust the two in­
ductor:o of Z4 alternately to obtain maximum amplitude. 
:oymmetry, and pattern eoincidence on the oscilloscope. 

(:~)	 Appl~ the :oignal input lead to the grid (pin 1\0. I) of tIll' 
211d J F tubc (V.'i). TW'II the 1\\0 adju8tment :0('1"1'\\:0 of 
z:~ to obtain a s~ Illllletrical. ('oinciding cury(' with as 
1I11leh alllplillll!e a:o I'o:,;:oiblc \\ithout di8tlll'bing the 
pattenl. 

(I)	 Switeh the signal input lead to the grid (pin \0. l) of 
the j:ot 1F tube (V1), and adju:ot the plate induetor ('1'2) 
of the crystal filter (Z2) for maximum amplitude at center 
of curve. 

(05)	 Apply the signal input to the grid (pin :\0. 7) of the 
6BE6 mixer tube (V3). Adjust screws of 1st IF trans­
transformer (Zl) as in (3). This :ohould result in a tall 
selectivity cune with a slightly flattened peak. 

(6)	 Tum CRYSTAL SELECTIVITY switch to position ~o. 

I, :oct CRYSTAL PlIASIl\G pointer on arrow, and ad­
j u:ot the grid inductor (L2) of the crystal filler (Z2) for 
maximum amplitude and symmetry. Adjust signal input 
or receiver SENSITIVITY control as required to prevent 
overloading. 

(7)	 Switch to CHYSTAL SELECTl\TfY position :\0 2. 
amI if necessar~, move PHASl.'\G CONTHOL slightl~ 

from arrow to obtain iden tical images. 
Adjust signal generator frequency' to obtain coincidenee 
of the images. If complete coincidence is not obtained, 
alternately make slight adjustments of the PHASIJ"G 

[ llj 
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CONTROL and the signal generator frequency, until 
images coincide.
 

After these last steps have determined the exact fre­

quency of the Quartz erystal. tIll:' frequency' setting of
 
Ill(' signal generator should be left undisturbed.
 

(R)	 Repl'at carefully' Ihl' l'ompl('ll' IF alignmeut proc('durl' 
(steps I through 7) for the cry·stal fn>quem·y·. 

C.	 RF A1IIp/~fier 

TIJ(' R F and oscilla tm' slag.·s ha v l' hl'en carl' full y al igul'd 
againsl standard crystals at the factory' and are designed to hohl 
Iheir adjustments over a long period of time. Re-alignment 
should not be atlempll'd unless it is positive that re-adjnstment 
IS necessary. 

As shown on the chart. Figurl' 9, til(' front row of adjustments 
control thl' If. F. oscilla tor frequency and consequently dial 
calibration. 

The middle row of adjustJlJl'nts control R F alignment and Ill(' 
rear	 adjustments are for antenna alignment. 

Ilere is the proeednre: 

STAN DBY-RECEIVE .. rmCEIVE 
MA~-AVC-BFO . MA:\" 
CRYSTAL SELECTIVITy . OFF 
BA ND SPREAD . 100 
Bandswiteh (T{T~T'\H; RA \G E) . .S4·· U2 ,,\t. 
~IAI\ Tll;'~II'vJC ,60 ~ Ie 

SiWUlI (;etlem(or 

Frt'qll'>IH'y .(iO ,r,· 
~Iodulation .. Olf 

Each band is adjusted for maximum response by changing the 
inductance at the low-frequency end and the capacitance at the 
high-frequency end. These adjustments mutually affect each 
other. If much change is made at one end of the band, the other 
end of the band must also be re-adjusted. This procedure is 
repeated until dial calibration coincides with frequency at both 
ends of the band. 

At 30 Mc there is some interaction between the RF and 
oscillator sections. It is therefore necessary to rock the MAl]\; 

[1 S1 

ManualsPlus.com

https://www.manualsplus.com/


TUNING dial back and forth while adjusting the trimmer capa­
citor, in order to avoid a false setting. 

2. With ,;ignal generator connected to the receiver ANTF:I~'~\ 
tenninals. and output meter connected to the SPEAKER ler­
minals, adjust L L7 unlil maximulll defleclion is ohlained on lilt' 
meter. 

3. Change signal generator frequency 10 1.25 '\lc a,; shown in 
Figure 9. Set MAIN TUNING dial on 1.25 J\1 c to con-espond. 
Adjust trimmer capacilOl' C73 10 tune in signal. and C69 1'01' 

maximum response. 

1. SCi signal generator to IA Mc, change 10 Ihe 1.32--:t2 i\11' 
Band, and set MATJ\ TUNT NG dial on J.-I Mc. Adj IISI L 18 
until signal appears and L12 and L6 for maximum rcsponse. 

5. Change signal generator to 3 Mc, and set MAI1' TUNli'lG 
dial to 3 Mc to correspond. Adjust C64 to tune in signal and C58 
for maximum response. 

1n like manner this procedure is followed for each band and should he 
repealed until calibration and tracking are as desil·pd. 

MAINTENANCE 

The IlQ-llO-X is designed \0 give ~ ear's of Irouble-free serv icc wilh­
out need for repairs. Tube failure is the most common source of trouble. 
The second most common cause of difficulty is componen I failure among 
small resistors and fixed capacitors. 

The following chart, Figure 11, gives voltages between lube sockel 
If'nninals and chassis. Below each voltage. in parf'nthesis. is shown Ihe 
nWll'r scale rI'qllired for chl'cking wilh a voltnWler having a ~wnsilivil~ 

of 1000 ohms per v011 or hf'llel·. Slighl va/·ialions from vollagl''; indi"ated 
JlIa~- 1)(' disregardel\. 

Wilh Ihe aid of Ihe eharl and lilt' ,.;('I/t'mali., diagram. dl'f.·.'livl' eom­
pO/wnls ('an usually bc located. '1'111' pans list in Ihe bad, of this manual 
gives values and Hammarlund part numbers. 

Standard items may be purchased locall~. i\on-standard componenl,; 
are available on order from the factory. 

A delicate communications receiver should be entrusted only to a 
qualified technician. Should difficulty be experienced, please write the 
company for advice or to arrange for I'acton- service. 
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LI~E VOLTAGE 117 V.A.C. RE~SITIVITY AND APDIO	 I MAN-AVC-BFO 

Pill 1 
to ground. 

Pin 2 
t,o ground. 

Pin a 
10 groulld. 

Pin 4 
to ground. 

Pill 5 
to ground. 

----,,-- ­

Pin () 
to ground. 

Pin 7 
to ~rol1nd .. 

Pill S 
to i!round. 

I SWITCH 
NO RIG~AL I PORITIO~ 

Limiter-off Man. Position Receive Position 

AT MAX.• 

,-.\I'C TBFO­
I ~: I 

1st. 2nd ' 3rd 1st
 
RF Mixer
 Det.1 Vol"OSC IF AVC Ollt- Heeti- I Reg. I Audit) liFOIF I IF

(ill Ali flBEfl tiC4 AMP AMP AM!' Lirnitpr 1Hlt fier OC:3/ H " flBAG liBAI) GIl.\n I 1i.\L5 .Ol'ti(;'[' 5l14G II'HI05 . 12A L'7	 l:!:d r j 

Tie 
92 Point, 75 

210 (~100)(300) 
(300) 

1 1 3.5 29S I 
(3) (Ii) 

6.2 
A.C. 

,27:l
'(:100) 

~ __~°.tJl.I __ 
fl.2 ti .2 1).2 G.2	 2.)1i! I lOti 2 :l 
A.C.	 A.C. A.C. A/'. (300) .(300) (:l)
 

280 fl.2
1-----­
A.C. .\.C.1 

------ -.,----_. - ~',-

200 20.5 \12 203 200 1\)2 !'oillt I lOG fi. 2 
(300) 13001 (300) (300) (300) (:l00) In~) l:lOOJ I A.i'. 

1- --1---·-1-·----1-·-- ­
Tie 

100 100 100 110 Point 2S0 
(300) 130m , (300) (3001 210 A.C. 

(:1001 

3 Ii 3 5 , 
3 1\ 2 :l -0.2 fi.2 -1;) 

WI (fll WI (3) ([2) .H·.	 (1i01 

14 o)(t~' 

,1i0) I 13iJ(J1 ! 

PARTS LIST IIQ-140-X 
, 

S~HEM-I.TIC i II -1.\[\1 vRLI' .... [) 
DESIGN -I.TIO' DESCRIPT[O" P'HT :\0. 

(;,11' 'C{TORS 
CI, A-F Main Tnning, variahle (Purl of 201l1O-G I) 
C2, A,I Band Spread, variahle (parl III' 20!J 1·0.(; I) 
C~. 1-. S C('ralllic disc, .022iLf W. '". D.C . 2:1031·21 
<:6 Silver mica, SO iL!J.f SOO W.r.D.C..... 2~071·S 
<:7.1l. Ij (:eramil' disl', .022 iLl' W. r. D.C.. 2:~0~4·2j. 
<:10 Silv('r mil'a, 240 lJ.iLf 500 W. V.D.C. 

(ParI of ZI, I.F. transformer asseml,h' 42(1121) 
<:11 Silver mil'a, 260 P'iLf SOO W. \'. D.C. . 

(Purl of Z I, I. Fo Iran"for"",r a""Io"d,l, ,,2(, 121 ) 2:~0(13"112 
<:12. 1:1. II. IS Cerami,' .Ii".., .022 iLl' W. \ .D.C.. . 2:~0:~ 1·2-1 
<: [(, Silver mil'a, 220 lJ.iLf 500 W. \ .1>.<:' 

(Pari of Z2, Crvstal Filler Asseml.l" 5\02(125). 23071·S:; 
C17, III Silver mica, 100 iiLf 500 W. \ .D.C. . 

(Part of Z2, Crvstal Filter AssemhlYili 26 L25). 23003·<) 1 
CI9 Crystal phasing v'ariahle, . 

(Part of Z2, Crvstal Filter Assemhlv )\I 26125) .. J L776·GI 
<:20 Silver mica, 270 1;!J.f 500 W. V. D.C. . 

(Part of Z2, Crystal Filter Assembly )\I 2(125). 23003·104 
C21 Silver mica, lOO iL°!J.f 500 W.V.D.C. . 

(Part of Z2, Crystal Filter Assemhl) )\I 26125) ... 23003·94 
C22, 23, 24 Ceramic disc, .022 iLf W.V.D.C.... 23034·24 
C25 Ceramic, NPO 4 {J.!J.f 500 W. v.D.C:. 23023·19 CIf 
C26 Silver mica, 240 !J.iLf 500 W. V.D.C. 

(Pari of Z3, LF. transformer assemhh" )\126123). 23071·56 
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- ------------

SeHE'HTIC 
DESIGN ~TION 

<:27 

<:28,29,30,31, 
C33,34 

C3.5, 36, 37 
(;38 
CN 
<:40 
(;4] 
C4.2 

C43 

(At 

C4.5 
C46 
C47 
C48 
C49 
CSO 

<:S] 

<:.52 
CS:t SI 
C.5.5 
CS6 

CS7 
C.58, .59, 60 
C61 
C62 
C63 
C64,6S 
<:66. 67,61l 
C69 
(:70 
<:71 
<:72 
C7:{ 
C7t 

FI 
J I 
J2 
EL 
E2 

1.1 
1.2 

1.4 
1.5 
1.6 
1.7 
1.8 

PARTS LIST HQ.140-X-Cont. 

II un, ~RLll'i1) 

DEseRlPTln~ PART ]\0. 

CA PA CITORS-C,,"t;fIIwd 
Silver mica, 260 1J.[J.f SOO W,V.D,C. 

(Part of Z3, l.F. transformer assembly !l! 26123) . 23003,112 
Ceramic disc, .022 IJ.lJ.f W,V.D.C. . 23034-24 
Silver mica, 9.5 lJ.lJ.f 0500 W. V.D.C. 

(Part of Z4, Final I.F. transformer assembly !l! 2(112) 23071-62 
Mica, 100 IJ.lJ.f 500 W,V.D.C.. . . . . . . . 23001-48 
Paper tubular, .05 IJ.f 600 W.V.D.C.. 23912-2 
Paper tubular, .01 IJ.f 400 W. V.D.C.. 23912-23 
Cerami" disc, .022 IJ.f W.V.D.C..... _. 23034-::l~ 
Silver mica, .5 IJ.lJ.f 500 W.V.D.C.. 23002-1 
Silyer mica, 240 lJ.lJ.f 500 W,V.D.C. 

(Part of Z.5, B.F.O. Assembly !l!261(5) . 23071-056 
B.F.O.	 variable. • 

. (Part ?f Z.5, B.F.O. Assembly !l! 261(5). 1173.5-G42 
Sllyer mICa, 220	 [J.lJ.f 500 W. V.D.C. 

(Part of Z.5, B.F.O. Assembly !l!26]05) .. 2307] -.5.5 
Paper tubular, .05 IJ.f 600 W. V.D.C. . 23912-2 
Cerami" disc, .022 [Lf W.V.D.C 
Mica, 300 IJ.lJ.f 500 W.V.D.C _ . 

. 23034-24 
2300] -7S 

Electrolytic, 10 lJ.f 150 W.V.D.C. _ 23073·71 
Paper tubular, .05 IJ.f 600 W. V.D.C. .. 239 L2-2 
Mica, 620 lJ.iJ.f .500 W.V.D.C. 

(Part of R.F. Unit Assembly !l!26131). 230005·86 
Ceramic, NPO 8 IJ.lJ.f.500 W.V.D.C. 

(Part of H.F. Oscillator Unit Assembly !l! 2(143). 23023·22 CH 
Electrolytic, 1O-500V, 20.4.50V, 20·4S0V . ISSM-6 I 
Ceramic disc, .022 iJ.f . 23034-24 
Mica, 620 [LiJ.f, SOO W.V.D.C . 2300S-86 
Antenna Compensator, yariable 

(Part of Main Tuning Unit !l! 208·40·G I) .. SA-617 
Mica, .5100 iJ.;J.f 500 W.V.D.C. . 2301.5-16B 
Trimmer, mica 3-35 [L;J.f . ]6089-2 
Trimmer, mica 1.5-9 IJ.lJ.f. _ 16089-1 
Trimmer, mica 3-3.5 iJ.[J.f. .. 16089-2 
Trimmer, mica 1.5-9 IJ.lJ.f _.. ]6089-] 
Trimmer, mica 3-3.5 lJ.[J.f _ . ]6089-2 
Trimmer, ceramic NPO 1.5-7 fJ.;J.f . 230S9 
Trimmer, mica 1..5·9 IJ.iJ.L . 16089-1 
Silver mica 673 [J.iJ.f .500 W.V.D.C.. 23004-2 
Silvl'r mica 300 1J.;Lf SOO W. V. D.C. ... 23003-]();, 
(:I'ramic disc., .022 W. V. D.C.. 2:~034··21 
Miea, ISOO \LiLf SOO W.V.D.C. 230J;'.20 
1\1 iea, WOO [J.[J.f SOO W. V.1 U:.. 2:~0IS.IO 

Fils", 2 ampl'r" typl' .'JA(; ... IS921l·7 
Phone jack .. , . 6087 
Relay jack . 6142 
Antenna terminal strip. _ 6088 
Speaker terminal strip .... 3843 

COILS 
R.F. choke (CH-X) . . . . . - i 609-Gl 
CrY-8tal Filter grid coil, , 

(part of Z2, Crystal Filter lhsembly !l! ::l612.5.G1) ... I 31068-Gl 
Filter choke _ . 26111.1 
Antenna coil assembly ..54-1.32 me range . 260.51-Gl 
Antenna Coil Assembly 1.32-3.2 me range . 26005] -G2 
Antenna Coil 3.2-5.7 me range. 6013 
Antenna Coil 5.7-10 m~_~ange. 6016 

[18] 
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PARTS LIST HQ.140.X-Cont. 

SCHE~IATIC DESCRIPTIO'" HA)lMARLU:>ID 
DESlG'\.\TIO,( PART No. 

COILS-Continued 
L9 Antenna Coil 10-18 me range ..
 
LIO Antenna Coil 18-31 me range .
 
Lll R.F. Coil Assembly .54-1.32 me range.
 
L12 R.F. Coil Assemhly 1.32-3.2 me range.
 
LJ3 R.F. Coil Assembly 3.2-5.7 me range ..
 
LI4 R.F. Coil Assembly 5.7-IO me range ..
 
Li5 R.F. Coil Assembly 10-18 me range.
 
LI6 R.F. Coil Assembly 18-31 me range ....
 
Ll7 H.F. Ose. Coil Assembly .54-1.32 me range.

LiS H.F. Ose. Coil Assembly 1.32-3.2 me range ..
 
Ll9 H.F. Ose. Coil Assembly 3.2-5.7 me range ...
 
L20 H.F. Ose. Coil Assembly 5.7-lO me range.
 
L2J H.F. Ose. Coil Assembly lO-18 me range ...
 
1.22 H.F. Ose. Coil Assembly 18-31 me range. 

'\11 Carrier Level ("S") meter .. 

I'Ll, 2 Pilot Lamp ;\;0. 47, 6.3 Y., .15 amp.. 

RESISTORS 
ltl 22 Ohms Y2 W .. 
R2 47,000 Ohms, Y2 w . 
R3 2,200 Ohms, Y2 W . 
R4 IOO,OOO Ohms, ~'2 W . 
R5 10,000 Ohms, J.z W.. 
R6 IOO,OOO Ohms, ~'2 W.. 
R' 150 Ohms, Y2 w... 
RI>,9 2,200 Ohms, :1 W.. 
RlO 10,000 Ohms, Y2 w... 
RlJ 2,200 Ohms, Y2 W.. 
RI2 2,200 Ohms, Y2 W. 

(Part of Z2, Crystal Filter Assemblv I;> 2612S) 
RI3 2,200 Ohms, :1 w'.. . . 
RI4 300 Ohms, Y2 W.. .. 
RI5 51 Ohms, Y2 w . 
R16 22 Ohms, Yz W.. 
RI7 470,000 Ohms, 1/.2 W .. 
RIS 10,000 Ohms, Y2 W.. 
RI9 Potentiometer, 300 Ohms 
R20 270 Ohms, Y2 W.. 
R21,22 2,200 Ohms, Y2 w... " 
R23 Potentiometer, 1500 Ohms. 
R24 2,200 Ohms, Y2 WOo .... 
R25 33,000 Ohms, I W.. 
R26 47,000 Ohms, Y2 W. 

(Part of Z4, LF. Transformer Assemblv l\< 26II3) 
R27 2,200 Ohms, Yz W.. . 
R28 240 Ohms, Yz W... 
R29 47,000 Ohms, Y2 W.. 
R30,31 270,000 Ohms, :1 W . 
R32 I Meg Ohms, 11 W . 
R33 2.2 Meg Ohms, Yz WOo . 
R34,35 820,000 Ohms, Y2 w.. . . ... 
R36 Potentiometer 250,000 Ohms (switch attached) . 
R37 1,000 Ohms, Yz W. 
R38 62,000 Ohms, I WOo . 
R39 Potentiometer, 10,000 Ohms. 
R40 240 Ohms, Y2 W.. . .. .. 
R41 33,000 Ohms, Yz W. 

____--'(=-P=arC-'l_oc:cf--'Z=,S, B.F.O. Assemblv il!26I07). 

[19] 
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I	 6019
 
6022
 
26047-G2
 
26047-GI
 
26047·G6
 
26047-G5
 
26047-G4
 
26047-G3
 
26030-G2
 
26030·GI
 
26030-G6
 
26030-GS
 
26030-G4
 
26030-G3
 

26149-GI 

16004-1
 

19309-9
 
19309·89
 
19309-57
 
19309-97
 
19309·73
 
19309-97
 
19309-259
 
19309-57
 
19309-73
 
19309-57
 

19309-57
 
19309·57
 
19309-202
 
19309-193
 
19309·9
 
19309-II3
 
19309-73
 
15368-1
 

... I	 19309-262
 
19309-57
 
15368-2
 
19309-57
 
19310-293
 

19309-89
 
19309-57
 
19309-201
 
19309-89
 
19309-107
 
19309-121
 
19309-129
 
19309-II9
 
6095
 
19309-49
 
19310-231
 
15367-1 .
 
19309-201
 

19309·85 
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PARTS LIST HQ.140.X-Cont. 

SCHEUATIC 
DESIG'(ATIO'i 

R42 
R43 

R44 
R4,S 
R46 
R47 
R18 

R49 

RSO 
RSI 
R52 

51, F, R. 
S2 
53 
S4 
55-IF. R 
S5-2F. R 
S5-3F. R 
S5-4F, R 
S5-5F, R 
S5-6F, R 
S6 

T5 
T6 

y 

Z1 
Z2 

Z3 
Z4 
Z5 

HAlDIARLUr.;ODESCRIPTIO" 
P.\RT No. 

RFS[STORS~Colltillued 

22,000 Ohms, 1 W...... , .... 19310-81
 
3,900 Ohms, ~2 W.
 

(Part of B.F.O. Braf'ket A,;sembly ~ 26029-G2) 19309·63
 
47,000 Ohms, 1 W..... 19310-89
 
220,OO() Ohms, 1:2 W .. ...... "I 19309-L05
 
360 Ohms, 1 W.. . . . ..... ....... 19310-211
 
27 Ohms, 1 W.. 19310-11
 
2,200 Ohms, Y2 W.
 

(Part of R.F. l'nit Assembly ~ 26137). 19309-57
 
10 Ohms, Y2 W.
 

(Part of H.F. OSf'. A,;"embly ~26143). 19309-1
 
4,000 Ohms, 5 W .. 19380-47
 
1,000 Ohms, 20 W. 19435-19
 
2,200 Ohms, ~/:i W.
 

(Part of H.F. Osc. As,;embh- ;>li 26143). 19309-57
 

SInTCHES 
Crystal Selectivity A,;sembly'
 
MAN-AVC-BFO 26155-1
 
Limiter. 15864-2
 
Standby-Receive. 15864-2
 
H.F. OSf'. plate .. 6331
 
H.F. OSf'. grid ... 6332
 
Detector grid tal' . 6064
 
R.F. plate. 6063
 
R.F. grid. 6063
 
Antenna. . ... . .. ... . .. 6062
 
Power. . (Part of R36, Potentiometer ;Ii 6095)
 

TRANSFOR1HERS A.\D IJIPEDASCE 
ASSE11IBLIES 

Audio Output Transformer. 26110-1
 
Power Transformer. , 26109-1
 

Crystal, 455 Kc .. 6338-1
 

1st I.F. Assem1,]y, include,; ClO, CIL and Tl... 26121-GI 
Crystal Filter A,;sembly (2nd I.F.), includes C16, 

C17, CIS, C19, C20, C21, L2, Rl2, T2, and Yl.. 26125-Gl 
3rd I.F. Assembly, includes C26, C27, and T3 . 26123-Gl 
Final1.F. Assembly, includes C33, C34, R26, and T4.. 1 26112-G1 
B.F.O. Assemblv includes C42, C43, C44, 1.3, and R41 . ' 26107-GI 
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