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With the purchase of a CROWN OCOC-%SO, you have This is not to say that the price is the only attraction, 
greatly expanded the flexibility of your Hi-Fi system. The esthetics sf the QC-158 s m a ~ l y  match the un- 
YOU now have output flexibility comparable ts the in- clutkred styling of the acclaimed "150" line, the D- 
put uet-satility made famous by the CROWN 1C-150. 158 and the IC-%5Qx The new Features are noto%ered 
Once again, this CROWN pvoduct offers uncom- an any of our other products, and bsingthe ultimate 
promised value, not in frilty gimmicks, but in hanest- in output switching and monitoring right to your 
ts-goodness Functian; a!/ at an a@raetiv~ price, finger tips, 

Please inspect "che  control center for any damage in- 
curred in transit. Since &he unit was carefully in- 
spected and tested at the factory, it left the factory 
unmarred.. If damage is found, notify the transpada- 
tion company immediate3y. 6nly the consignee may 
institute a claim with the carrier far damage during 
shipment. However, CROWN will c ~ ~ p e r a t e  Suity in 
such an event, Be sure to save the cafisn as evidence 
of dan2age Bar the shipper" inspection, 

CROWN gr.lat.an"cee this equipment to perform as 
specified. CROWN also warrants the components 
and workmanship of titis equipment ta be free from 
defects for a period of 90 d ~ y ~  from date af purchase. 

This warranty does nat extend to fuses+ and/or cam- 
psnent or equipment damage due to negligerace, 
misuse, shipping damage or accident; or i f the serial 
number has beew defaced, altered o~ removed. 

An appficatioa for a FREE3 year VdAWRANTY TlTLE is 
Even if the unit arrived in perfeet candi"fisn, as most included with this manual. Upon receipt of this com- 
do, it is advantageous to save the packing materials. pieted form, GROWN will issue the Warranty Title - 
They wilt prove valuable in preventing dan2age subject to the conditions ~sntained therein. This title 
shouid there ever be an occasian to transpofl or ship applies to the original end-purchaser and will be 
the unit. issued mly upm the receipt of the application. 

Be sure ta return the w a r ~ a n b  yegistration form to the We urge that you take full advantage af this coverage 
factory for fuil warranty-service coverage. - f i l l  in and mail the application now! 



QUICK SUMMARY 

The OC-150 is an OUTPUT CONTROL CENTER. It is connected in a hi-fi system between the poweramplifier(s) 
and the speaker system&s), 
1. The meters read either VU in db, or rms equivalents of true peaks, in volts. 

2. Output from 1, 2, or 3 amplifier(%) can be monitored on the meters, one at a time, switch selected. 

3. Up to three speaker systems, in any combination are switch selected from Amp it1 input. 

4. From input #2, three headphone outputs are available. The rear panel electrostatic strip is direct. Front panel 
jacks 1 and 2 are switch selected and fed through the attenuator switch, on rear panel. 

A. WQLB TIME CONTROLS D, METER/MONITBR SWl f  CW 
1, 2 - determine how long the meters will hold a 1 --VU - when depressed, meters act as VU 
voltage reading, when in the peak mode. Variable meters. Meters calibrated in db. 
from zero ta infinity. 2 -PEAK --- when depressed, meters read rms 

equivalents, of true signal peaks, in vaits. 
B, METERS 3 --Amp $41 - when depressed signad from in- 

1,2 -- can be used to monitor output signal levels, put #1 is fed to meterso 
either VU ar PEAK, Meter scales are calibrated in 
dh and volts, 4 ---Amp $82 --- when depressed signal from ixs- 

put #2 is fed to meters. 

e, HEADPHONE JACKS 5 -Amp #3 --- when depressed, signal tram in- 
1, 2 -- connected through headphone selector put #3 is Fed to meters, 
switch and the attenualor switch to Amp #2 input. 
If intended for use with Amp #3. input, an external V@ PEAK AMP 1 AMP 2 AMP 3 
jumper must be used beheen Amp #1 and Amp 
#2 inputs. (See caution, page 4.) 



E, RANGE SWITCH F, SPEAKER SELECTOR SWITCH 

1, 2, 3,  4, 5 - determine the sensitivity of the 1 --- BN/OFF - AC power ta meter circuits. 
meters, both in VU and in PEAK modes. Full scale 2 , 3  - HEADPHONES - select headphone jack 1 
ranges are expressed in db and volts. (See and/or 2, 
Impedance vs, Voltage, Power graph, page 17.) 4,5,6 - SPEAKER SYSTEMS - select any or all 

(in para1 tel) of speaker systems 1 ,2  and 3. Wsutes 
signal from input #I to selected output$s). 

HEAWWNES SPEAKERS 

FIG. 1-3 

A. AMPLIFIER INPUTS 6% HEADPHONE BnENUATQR SWITCH 

1 - Amp - Signal fed to meters (when AMP (Fed from input W2) 
#1 is depressed) and ta speaker selector switch, 1, 2 - selects the amsurrrt of attenuatian desired 
then ta selected speaker system. (see page 6) far either headphane jack (1 and 2) 
2 - Amp #2 --. Sigl-rai fed ta meters, (when A M P  on front panel. 
%2 is depressed) to e9ectrastatic headphane 
barrier strip (D), and through the attenuatar B. ELECTROSTATIC HEADPHONE OUTPUT 
switch (Cf to headphone selector switch, then to Barrier strip type compatible with self-powered 
headphone jacks on front panel. boxes common ts many types of efectrostatitc 
3 --- Amp #3 - Barrier strip type -- signal fed to headphones. Connected directly ts Amp $42 input 
meters only (when AMP #3 is depressed). with no attenuatian, 

B, SPEAKER OUTPUTS E, AC OUTLETS 

(Fed frsm t nput #1 through speaker selector Unswitched, availabie for pawering accessow 
switch.) equipment (1258 watts maximum), 

1, 2 -- Dual binding post type 
3 - Barrier strip type 

F. A 6  FUSEHOLDER 

Use only type MDL 188 Amp fuse, 



-. Amp inputs #I, #2 and ft3 all have isolated grounds, both channel-to. 
channal, and from the chassis, Amplifiers with balanced outputs may b 
used without prob!tl.ms. 

-- Amp tt2 input is connected to the front panel headphone jacks via the 
headphone selector switch. Mechanically, these stereo jacks have 
eommon grounds. To keep input #2 balanced, the ground return for 
channel 1 has k n  deliberately eliminated. (Strap "X", see schematic, MI- 
260.) Thus input #2 can be used asa balanced input for metering only; no 
signal will be present on channel 1 at the headphone jacks. The electro- 
static barrier strip may be used as a balanced output. 

-- Most presentmday amplifiers have a common ground between channels. 
Thus strap ""Xyis not needed for normal operation. if single channel 
operation is desired, then strap ""X' must be installed. Additionally, a 
similar strap could be added to all inputs, and the speaker cables could be 
reduced to 3mconduetor ca biss. 

CAUTIONS 
-- Any load connected to a balanced output must have, isolated grounds! Just 

kcause electrostatic headphone h x e s  have four wires does not mean the 
set has isolatad grounds! 
Nsver parallel the OC-150 input terminals, except in the case of using one 
amplifier for speakers and headphones. Any time an unbalanced input is 
paralleled to another input(s), all inputs involved become unbalaneed? 

4 1  PF 
-- With strap X connected, you cannot use a balanced amplifier (such as 

any CROWN amp operating in mono) into input #2. 
Far special hookwup diagram for CROWN mono amps, see lNPUI 
CONNECTIONS FOLDOUT. This hook-up provides full power to the 
speakers and half power to the headphone jacks. 



CROWN MONO AMIF" HOOKaUF" 

MOTES: 

--- The gvound return for channel 1 is through the 
common ground of the Input lines to the two amplifi- 
ers. 

-- This hook-up applies to CROWM amplifiers only! You 
must be certain of haw the grounds are connt?eted be- 
fore you connctct any other amps in this configuration. 

__--- /___.--- 
____------ 

MAIN AMP 

NORMAL HOOK-UP 
NOTES: 
--. Add two-conductor jumpers from Input #1 to input #2 for hctadphona and 

speaker output from one amplif iftr. 



-0bserue proper phasing of speaksrs. 

If you are using a power amplifier other than a 
GROWN, be very carefui that you don't exceed the 
amplifieJs power capabilities by decreasing the 
load impedance too far, For example, by dt?press- 
ing two speaker selectar switches and a headphone 
set at the same time, the resultant impedance 
would be 27  ohms, if all thraa ?ewere 8 ohm sysm 
terns8 

--Be certain to fuse speakers according to the manu- 
facturer's recommendations. 

Use headphone jacks cautiously to avoid overpower- 
ing headphones or damaging hearing. 





Your m-156 has many passibfe uses. The foliowing 
discussion can be used as a guide for possible 
appiicetions. Your OWR specific equipment as we11 as  
your mrsori-ial listening habits will determine exactiy 
haw you use the Be-f 50. 

1, SYSTEM SWITCHING 

With a swaker system hooked to each af the 
three sets sf outputs an the back paneQ, you 
can seiect one ar all of the systems by 
depressing the appropriate button(s) on the 
front panel sele&or switch. Thus from one 
location you can contrsl main speakers and 
two sets of remate swakers. 

If you want $0 add headphones to your 
system, up to three pairs can be added; two 
with thesfrant pane! jaeks, and one with the 
terminal strip an the back panel. Eitheaafthe 
two jacks can k selected with the front pane! 
selector, The terminal strip is "on" dafl the 
time. 

Since high power at the headphone jaeks 
r~presenbs a potential health hazard, (such 
as shattered ear drums) your OC-150 in- 
ciudes a8enuatsr switches which feed the 
two headphone jacks an the front panel, If 
yau turn up the volume to drive inefficient 
smakers, and then switch to an efficient 
headphone set, you wii! need to use one of the 
attenuatsr positions, 

It is good practice to always tu rn  dawn the 
volume, switch taan attenuator positisn, then 
carefully increase the volume for a cornfar- 
table iistening level. N ~ v e r  switch ts 
headphones while wearing the set .  

The "MAXP"positisn sf the attenuator switch 
patches the signal straight through to the 
phones. Thc center position inseds a 17 db 
pad, and the "MIN" ppssition insefis a 24 d b  
pad. With these combinations it should be 
possible to balance between speakers and 
headphanes, sr two headphone sets, far eom- 
fsflabfe listening levsls. 

NOTE: If you desire $0 eliminate all turn-on 
thumps and noise, simply disengage ail i 

i 

spi?aker/ headphone switches before turning 
on the power amplifier. Allow 5 seconds for 
warm-up,  then select your choice af I 

spea keas. 

The QC-150 has three "ampll-P1er-csutput"" rn- 
puts. The manitor ~ w l t ~ h  on the front panel 
swttches these inputs info the metering eir- 
cuit These three switches anty program the 
meters, they da not select ampiifcer outputs, 
50 far example, you can select a n y  of three 
smpjifters to monitor at the meters, but you 
will not change the output to the speakers. 
(The speaker switch ss tied d~recf fy to Amp#1 
rnput). 

Amp #1 input 1s the "main" input, It is con- 
nected 60 the speaker selector switch, 

1' 

I 

Amp#2 input is the headphone amplifier in- 
put, and is hooked directly l a  the %lectrb;lastatie I 

head phone terminal, and through the i 

attenuator switches to the headphone selec- 
tar switch. 

Amp #3 input is only fou metering, and is 
hooked ta the msraitar switch, t 

If yau have only one ampiifier, and want to 
use speakers and headphones, a jumper 
must be connected between Amp #1 and 
Amp WZ inputs. The amplifier may than be 
connected to either input, 

CAUTION: Never connect two ampsifier out- 
puts in paraisel. If a jumper is used between 
a n y  amp input termina%s, ONLY ONE 
AMPLIFIER MAY BE CONNECTED TO THOSE 
INPUTS! Also kcause sf the eom~mon I 

grounds at the headphone jaeks, BALANCED 
LIMES MAY NOT BE USED WITH AMPg2 IN- 
PUT, OR f N ANY INPUT PARALLELLED WITH 
AMP #2+ 



2. SYSTEM MONiPQRlNG 

With the BC-2.50, you can ornauitor the voltage 
levels to any loudspeaker or headphone in 
your system. 

When the meters are proger!y programmed 
and the readings correctly interpreted, you 
can determine the drive signal to any 
speaker, By using the spea kerd headphone 
switches you can chsose any Iaad for 
monitoring the signal level. Thus i t i i s  easy tta 
campare relative efficiency of different 
headphones or speakers in your system. 

For example, if a given speaker produces a 
certain sound pressure lev@$ a$ a meter 
reading rsf 25 vsits, and ansther speaker 
prsduces the san2e sskxnd pressure level at 
only 4.5 volts, you know the iatter is the mare 
efficient, 

The monitoring system can also be used far 
Balancing channels. Turn the pre-amp to 
m6n8, and adjust the amplifier input c~ntrs ls  
for equal meter readings on bath channels, If 
the spea kerr; are identical, this will accurately 
balance the channeis. 

NOTE: The meteqs are programmed as  
follaws: 
Select the desired type of reading, VU ar 
PEAK. If PEAK, adjust the hold time controls 
for. (desired fen&h of I1n7e a8 whish valtage 
will be displayed on meter. 
Select correct range with range switch. 

"%"e amplifier switch an the front panel 
switches the output faom any of three 
amplifiers into the metering circuit, The 
application af th is feature is the ability to 
monitor tevels from any amplifier in the 

system. For example, you csuld monitor the 
Ievets fram the headphone amplifier, ar from 
the rear channel amplifier in a quad system. 
You @auld a k s  check the Bevels to differeat 
elements af a bi-amped system.. 

This msnitor switching does not affect the 
program to the speakers, but affects only 
what the meters read. 

With the metering circuitry sf the QC-150 it is 
possible to p e ~ a r m  an objective evaluation of 
program materials. With the unique peak catch 
and hold circuit, you can actkaaify "catch" signal 
peaks, These readings aye sent to the meter 
where they are displayed as rms equivalent 
voltages. (If you want true peak vatues, multiply 
the meter readings by 1.414.) With a known laad, 
this is readily conve&ibfe to power. (Refer to Sec- 
tion l I, Technical Information) + 

A careful observation sf peak and average 
yeadings wili reveal a lot of information about 
program material, Far example, how does the 
peak power produced frou-i a large orchestral 
passage compare l o  that sf a rack band at a given 
loudness !eve1 from the speakers? You might 
want to examine which frequencies seem to k 
producing the peak power from different 
sources. Does a wide- band source (such as a full 
orchestra) produce the same laudness, at a 
given meter reading, as a single flute? 

You cao see the n7any appticatians for careful 
[metering sf signal levels in co~mparing programs- 
Your imagination is the next $:step in actualiy us- 
ing your BC-150, 



There are four basic ways to display your 06-150: 
custom mounted, mounted in the accessory 5-R 
walnut cabinet, standard 10-inch rack mounted, or 
free standing in its attradive vinyl cover. 

CUSTOM MOUNTED - A full size template of the OC- 
150 is enclosed in the rear of the manual. This 
template also incjudes dimensians for the shelf 
which is recommended, 

ACCESSORY CABlNET - Your OC-150's appearance 
for shelf ar table mounting will b~enhanced  when in- 
stalled in the model 5-R wafnut cabinet, 

First, remove the tows rwbkr  feet from the bottom 
cover retaining the screws. Slide the 0@- 150 carefa[- 
ly into the front opening iri the 5 - D  and secure with 
the four screws and the new lower feet packed with 
the 5-R cabinet. WARNING: DO NOT OVERSiGHTEN 
SCREWS. 



METER RESPONSE 

METER ACCURACY 

AC OUTLETS 

POWER REQUIREMENTS 

f RANSFORMER PRf MARY 

SEMICONDUCTOR COMPLEMENT 

DIMENSiBNS 

WEIGHT 

23:H) af full scale, all ranges I 

Four, un swi t ch~d ,  Tstal current capability, 15 A, 

10 watts at 120 VAC 

four integrated circuits, six bipolar transistors, four FEP, I 

eight diodes. Discrete device equivalent: '$20 bipolar transns- X. 

tors, 16 signal diodes, 8 FET's, 4 Zener drsdes. 
1 

f 



FIG, 2-1 

INTRODUCTION 

The OC-150 is essentially a mechanical device, 
designed with simplicity and precisian. As such it 

should greatly enhance the output fiexibility of your 
hi-fi system. 



Since ~t is a mechanical [switching) device, the QC- 
158 does not aiterthe output from an amplifier in any 
way. The switching is precise and uses break-kfare- 
make contacts to protect the assoctated amplifier 
outputs from accidentaf sho~ing.  In addition, She 
amplifier inputs have an electrical Isckaut to fufiher 
guard against accidental paralleling. 

AC pswEr is provided for the OC-150 onfy to power 
the metering circuits. The swi tching mechanism wiII 
function eveil with the pawer turned off. 

la additfan, four convenience outlets are provided an 
the rear panel ts power accessory equipment, These 
su"rl@ts are unswitehed and remain on as  long a s  the 
QC-150 Power plug is ptugged into a " live" s o ~ r ~ e ,  A 
vgry convenient saurcc is one of the switched sutfets 
sn the pre-amp. 

METER RESPONSU I NTERPWEPAT IONS 

Marry Hi-Fi systems include a metering system which 
reads the output voltage across the amplifier tsr- 
minals. The tendency Car mast users, is to make 
son?e type of association between metes readiillgs 
and power output. While a reiatio~ship does exist 
betweerr voltage and power, it is not a simple matter 
to determine in a h i 4  system - paeicubarly when a 
complex waveform, such a s  music, is used a s  a 
pragraa7 source. So a s  a takeoff point, we need to 
review the basic characteristics of measwring ~ i r -  
cuits and metea movements, themsefves. 

As "re frequency sf a signal increases, it becomes in- 
creasingly diWicuft for a meter movement ts follow 
the sudden changes of signal level. In fact if an AC 
sjgnat of about 10 Hz or higher were applied tn a 
center-zero, d c  meter, the pornter cauId only manage 
ts vibrate around zero. B ~ G ~ U ' Y E  of ffie physical 

- propeRies of the movement, it simply can not foillow 
the rapidly changing volbage. The result is a 
smoothing out or sismplifying of the waveform, the 
reading being an  average, If that wave far,^ is a sine 
wave, the average is zero, ss the meter, being an 
average responding meter, reads zero, 

We could try "i aus e direct AC readir%g meter, but 
again because of mechanicat difficulties, the usable 
frequency iimit is in the vicinity of 400 Hz. 

ft we would rectify a sine wave with a full wave rec- 
tifier, and connect a dc meter to "chis output, the 
meter would smooth out the waveform and indicate 
an  average value sf a bout ,637 times the peak out- 
put. (The rectified waveform consists sf p ~ ~ i t i v e  
halves only ad the sine wave; two positive halves, per 
cycle of input,) We could cali brafe the scale to read 
an9hing we wanted, such a s  average, effective 
(rms), or peak. AS /oag 3% the signal remains a steady 
sine wave, we can make accurate power cam- 
putations when measuring across a known load 
where: 

P Power in W ~ E S  
E2 Level (average, rms, peak, ete+) of the signal 
in vofts 

Resistance 0% the load in ahms 

What happens when the signs! is no longer a steady 
sine wave? Let's iook at: our meter when the input is a 
music program, 

Even though our meter is accurately calibrated to 
read rms or peak voltages with a sine wave, yhen the 
complex music signal is rectified and app[ied t s  the 
meter, the best the sluggish meter can d s  is indicate 
some type of average r~ading. We totally miss all the 
quick peaks of the high frequencies. (Mere an ss- 
cilloscope would be the only measuring device 
capable of responding fast enough tu catch and dis- 
play these peaks. However, our eye is not always Qst 
enough to see the peaks, so even this is not greatly 
accurate.) At this point, what has happened to our 
voltage readings and power computations? 

it takes a lat of complicated mathematics to render 
those voltage readings useful for power corn- 
putations, Using an analysis toai called the Gauss ian  
rfistribu"rion curve, it is possible to predict (aver a 
song period of time) what the signal levels af a music 
program wlli be. Most of u s  average hi-fivers don't 
have the mathematical know-how or the patience to 
use this process, so for us the meter readings are 



orriy relative v~I tage  readings, and airnost 
meaningless for accurate pawe? computations. 

This helps us lo make an obss3rvatisn: (Rule at thumb 
#I.) Unless the input is a steady sine wave, you can 
forget about taking a reading and deciding precisely 
how much paweroutput your amplifier is delivering. 

This observation also applies to VU meters (and the 
so-called peak reading VU meters since we've 
af ready decided that a meter can't psssi bly fotlaw the 
peaks in a complex wave form). AVU meter is simply 
a de meter with a special fudge factor built inta the 
calibration so that it reads Voiume Units. A Volume 
Unit is essentially the same as a db, VU's are always 
referenced $0 a defined power level. (One mifiiwat 
across a 6OQ ohm Isad.) In addition, a VU meter must 
conform to a defined resmnse ti me. 

At this point you are probably wandering what useful 
purpose meters could possibly have, As lsng as you 
keep rule of thumb #f  clearly in mind, the meters 
can serve as a valuable aid in program comparison. 
For example, it is generally safe to assume that a 
higher average voltage reading means moue power, 
Notice we didn't say how much power! This assump- 
tion csufd be used for comparing amplifier outputs, 
with different load esmbinations, or different typesof 
rnusic, 

The OC-158 offers this type of relative comparison 
with the meters functioning in the VU mode. And th is  
is only t h e  beginning, f he OC-158 also offers a PEAK 
mode, or to descui be this function completely, a peak 
'"catch and hold" mode, 

If there was rsaE2e wzy to act~ialfy measure peaks, 
even with comptex wave farms, we would have a lot of 
useful information on our hands, For example, the 
peaks telt us whether the amplifier is clipping and 
thus what level of distaflion to expect. Accurate peak 
voltages also heFp us to determine the peak pow@r, if 
t he  load is known. 

The QC-150 in "she peak catch and held mode will 
provide accurate s ta rag~ af peak voltages. The cir- 
cuit is designed so tkat ali the inhe~en"klimiiations of 
a meter movement are by-passed, Here's how it 
ws~ks ,  

The w2veform is sampled eiectrsnicaliy using a sew 
sing circuit which m e a ~ ~ r e ~  even the fastest waks, 
This measurement is stored electronically, and then 
sent to the mekrrs, The hstd time csnt~ols determine 
how Isng this stored inforn3atian is held at the meter 
terminals. The hold tine is adjusta ble from zero to in- 
frnityv so the slow meter msvement can take all the 
time in the world getting up $8 the peak reading. 
When the pointer stops movement, you are observing 
a voltage peak that occurred some fraction of a sec- 
ond previously* The meter scales are calibr8ted ts 
read rrns equivalent values, so if you want a wak 
value, multiply the meter reading by 1,414, 

Once a peak is caught and held, t h e  meter will re- 
main at that level until a peak  of higher value comes 
along.. If you want to see as many peaks, at differgnt 
levels, as possible, a shor t  hold time is necessary, 
Remember, as long as the meter ca~nes to a stop, it is 
reading an rrns equivalent ta a true peak. in essence 
we have trickily outwitted t he  proverbial old slow 
meter movement Rather mat,  eh? 

Up to this point we have assumed a test-bench situa- 
tion when relating voltage readirlgs ta power. That is, 
we have assun2ed that the load was non-reactive; and 
the resistance va tue was known. Power calculations 
foilow with ohm's law; P = g. 

R 
What happens to power output if we substitute a 
speaker (reactance and resistance) for our resistive 
toad? 

When an amplifier suppIies power to a pureiy 
resistive laad, the current through the resistance, 
and the voltage across it are exactly in phase. That is, 
peaks and zeros of t h e  current and voltage wave 
forms occur simultaneously- if a pure reactance is 
substituted for the resistance, the current is na 
lorzger in phase with the voltage, but leads or lags by 
90" dependling on whether the reachme iiis 

capacitive or inductive. 

In a n y  practical lead, such asa 10udspea her, the laad 
is complex, consisting of both resistance and reac- 
tance. These two quantities are added by a technique 
using phassrs (quantities which inciude bath at1 
amplitude and a phase angle) and the resultant, 
ealfed impedance, is the real load the amplifier 
* *  5eesft . 



The net result sf  this complex impedance causes the 
voltage and current waveforms to be out sf phase by 
some angfe less than 9 W e  See figure 2-2, 

No 18(3"270: 3600 

(A) Vsitage wavefarm, 
I I f 

QB) Current waveform with pure [rlduct~ve reac 
tanw Current lags vc~ttage by 98<'. 

( C )  Ctirrent waveforru.r with complex im- 
pedance, a con2binatisn of inductive reactance 
and resistance. Current lags voitage by same 
angle Iesr than 90:. 

Now back to our original question. let's look at a 
typical Issudspeaker, a complex load, consisting of in- 
ductive reactance and resistance. It has been deter- 
mined that this speaker represents atrl 8 ohm im- 
pedance at I kHz, 

We wall set up our tes"cby ming a I kHz irlput signal 
$9 the amplifier sf suBicien$ level ts cause an out- 
put valtage of IO vsits acrsss the speaker terminais, 

i 

With this information, we can compute the power to 
be P="' 

7 

-- 12.5 watts 

Does this mean that the speaker is dissipating the t 

1 2 5  waEs as acousticat pswer across the cornpiex 
rmpedanee. In a simplified anafysis, we can accsuat 
far the tatai power (12.5 wags) frum the amplifier, 

I 

I 

being dissipated in four areas, 

(I) Some sf the power is dissipated as heat acrsss 
the resis"live part of the impedance. This rs es- 
sentially wasted power since it does not produce 
any acousticat result. Resisbance is found in 
such places as in the wire of the speaker's voice 
coi I .  

(2) Some sf the power is dissapaled as heat in the 
amplrfier itself because 63f the reactive compo- 
nent of the  impedance. One of the 
characteri~tiesof pure reactance rs that it cannot 
dissipate any power. 

Rather it serves as an energy storage device. This 
stored energy wii! be returned to the amplifier 
and wasted as heat. kook again at figure 2-2. 
Notice that in each cycle two periods ofti me exist 
when the voltage Es positive while the current is 
negative. (This is due ts the reactive con7poner~t 
causing a phase shift.) k i i s  during these two 
periods of timep that negative power is produced, 
and the stored power in the reactance is returned 
ts the anlplrfier to be wasted as heat. It should be 
clear from this, that ta drive a pure reactive load 
would be paintless as it would only cause 
amplifier heating, 

93) Same af the total power is transformed and das- 
srpated as acaustrca! engrgy This is because the 
rndt~ctive reaebance (voice call) is situated in a 
magnetic field. The applied AC power~au~es the  
vo~ee corl to moue. Since the vslce corf rs at- 
tach& tu a large diapkaarn which in turn causes 
cawapressrons a r ~ d  rarefacbsns of the 5~~rroulr9~ 
dmg sir. acoustical energy 15 produced. 



(4) %me p ~ w e ~  is last due to inefficiencies in the 
loudspeaker. Y nteraction of the voice coil with the 
magnetic field causes heating sf the magnetic 
core, This heat is all wasted? producing no 
acoustical effect. 

It can be seen from thiss that of the 125 watts 
total, perhaps only a small pa~ion has been 
translated into actual acoustical enerw. How 
much reactance is present, how much 
resistance, and &her  factors such as spea keref- 
fieiency determine the net r e ~ ~ i t .  it S ~ O I S ~ ~  be 
clear that highly reactive speakers (such as  ellec- 
trostatic systems) represent a difficult load and 
severly limit the amplifier's efficiency.. 

Notice the V+I  output graph, figure 2-3+ The 
straight line through the middle regresents the 
load line far an 8 ohm resistive [aad. Notice that 
no negative p a w ~ r  is produced (voltage and 
current are in phase), The ellipse in the center 
represents an 8 ohm immdance load line, (The 8 
ohm impedance consists 05: 3 ohms resistance 
and  7.42 ohms inductiv~ reactance at 
I kHz.)Natice because of the phase shift, 68O in 
this case, the straight line has become an ellipse, 
and then for two periods sf time through the360° 
cycle, negative mwer is produced. 
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FIG. 2-3 

it should be clear that the ideaf load in terms of 
producing a c ~ u ~ f i c a I  ene rm waufd be one which 
minimizes the r~actrve campanant (high amplifier 
efficiency) while optimizing the desired dissipation 
component, (low inductance high efficiency 
speake?ir),Ak$&so the resistance of the load should be 
heptaka minimum, fn practical termsthis ideal isdif* 
ficult to achieve and amplifiers should therelore be 
designed to handle high reactances withou"a.sver 
heating, 

At this paint "Ee ebbservant reader h a s  pmbably ns- 
tieed that WE have employed snfy one frequency 
in describing complex loads. We have one p a ~ i n g  
point to ponder before we can be satisfied in knowing 
what the BC-150's voltage readings are telling us. 
(You didn't expect an$hing simple with sa sophisti- 
cated a system . . . 2) 

Notice the graph of fig. 2-4. This is a plot of a "typ- 
ical" speaker system impedance aver the audio 
bandwid&" 

FIG. 2-4 

Since reactance varies with frequency, the ratio of 
reactance 9s resistance, and thus impedance, varies 
with frequency atss. 

When a music program is used as a source and is 
applied to spea ker terminals, the impedance seen by 
the amplifier becomes very complex, being slightly 
different for each frequency component present. 
Since the impedance varies, the amount of power at 
different frequencies also varies. 

Speaker manufacturers have tried many schemes 



far ~m~othing out the eeect ef frequency on im- 
pedawce, Far in~ ta~~ce ,  by careful design of the 
%pea ker enclosure it 1s wssi ble to smooth s u t  same 
of the wide variations in impedance. But spea k e ~  im- 
pedance ~s %ti%/ not linear with frequency. Many 
variables aeect i mpedanee, such as cabinet 
resonance and crossover characteristics, These and 
other factors lead to the type of impedance curve il- 
lustrated in fig 2-4, 

Speaker impedance is usually given as  a nominal 
value, such as 8 ohms or 4 ohms, Phis is a rough ap- 
proximation of an average impedance for the range 
af audio frequencies, 

The overall effect of uneven power response (due to 
vav"$8ing impedance] may not be as dismaying a s  it 
appears, Here by the application a$ inverse Murphy's 
Law, we end up  with a beneficial twist of fat@. 

A loudspea ker is larg~ly voltage sensitive rather than 
power sensitive. Since an amplifier wiii deiivera con- 
stant voltage over a range of immdances, the audible 
effechof the changing pawer is net always noticeable. 
Even though the impedance of a swakei" may dropat 
a certain frequency, in many speakers, the efficiency 
drops at that frequency as well. The net result is that 
while more power is produced at that frequency, 
more of it is tosoas heat, and the acoustical output 
Fevei is unchanged. 

A! t af the preceding indicates %he diffkcuities involved 
in accurately interpreting QC-150 voltage readings, 
using a music prsgran? as source, with an amplifier 
driving a complex Ioad. it is apparent that you must 
be satisfied with relative or comparative inter- 
pretations. For specific computations you must use a 
test bench set-up. (Sine wave and resistive soad). 
Each depa&ure from this test situation introduces 
new variables which require very careful (and com- 
plicated) analysis. By the time ysu have tuned in an 
FM ste~eo signal and hooked up your favorite 
speakers, the voltage readings on the OC-150 are 
chiefly useful as a comparative analysis tool. 

Yau might try con~puting power using the nsminal 
rated tmpedance of the speaker system. st should 
clear from the above discussion, however, that the 
results may be far dvom accurate. If the !sad isa pure 
resistance, then t h e  graph of fig. 2.5 may be used to 
compute power. Lookagain at figb2-3. Notice that the 
more reactive the laad becomes, the fadher the 
graph depafls from a straight Ikne. Because the reac- 
tance produces negative pow@rp the amplifier loses 
efficiency, This means less of the tafal power is 
delivered ts the load, 

Now to examine the usefulness sf the OC-150 voltage 
readings. In fig. 2-5 the veflicat column represents 
vaftage. The horizontal column represents pswer, We 
have drawn three load lines on this graph, You must 
pick the line that comes the closest to your load im- 
pedance. 

If your impedance isa  pure resistance, y s u  will heap- 
proaching 1000g~ efficiency. (This won't produce 
much acausticai energy, but it's great for heating 
your rslaam,) As your Isad impedance keomes peat- 

tive, your amplifier efficiency goes down, However, it 
is t h i s  reactive component which produces 
acoustical energy, So we are looking at a trade-off 
between high Inductance (good energy transfer) and 
the corresponding high reactance (amplifier inef- 
ficiency), 

If we could take an 8 ohm speakel-, and vary "re ratio 
sf reactance to resistance from pure resistance to 
pure reactance, the amplifier wauid supply the same 
pswer thraugh the entire range. At the extreme end of 
p u ~  fresistance, the load would diss~pate all the 
power, with 100%1 amplifier efficiency. At the other 
extreme sf pwe reachace, the amplifier wsuld dis- 
sipate all the power for an efficiency of 6%. 
Somewhere in between these extreu?es, we would 
frrarl a compromise ktw!en ampiifier efficiency aud 
maxi mum acoustical energy. 

As you use the graph of Figure 2-5, keep the above 
discussion in miad and you will not be enticed into 
ma king erroneous statements a bout haw much 
pswer your speakers are producing. 
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FIG. 2-5 



AC p o ~ e r  ts t h e  QC-158 is used to drive the meter cir- 
cuits. f he  transformer has tw~g8V secondaries, one is 
taken to each meter board, Each meter board con- 
tains its own powergupp!y, a fuli wave rectifier witha 
capacitive input filter, Qtntput voltages are 2 1183 vdc, 
non-regulated. 

The unigueness of $he QC-$58 metering system is 
that the infortnation fed to the meters is electronicai- 
ly derived. With the  hsld circuit t h e  Information is 
held at the meter tern~inafs, so the accuracy of the 
readout  is not dependent upan m ~ t e r  response time. 

A sampting of the signal is fed to an op-amp rectifier 
which yields negative dc pulseo. These pulses are 
negative regardless sf input signal poiarity, and are 
fed to a unity gain, invefiing amplifier, Output from 
the inve&ing amplifier is fed ts two WC networks (one 
a storage network, the o the r  a tiu2ing network], Out- 
put from these networks is fed ta a pair of FETs where 
any input offset i3balaneed out. Finally, the iafarma- 
tion is taken to anather unity gain sp-amp, and from 
there to the meter. 

The two RC networks farm the heae of the circuit, 
The starage network has a very short time constant 
which allows the network to charge and discharge 
very qu'sckiy with signal peaks. 

The timing network aperates in conjunction with an 
op-amp comparator switch and deter~3ines the hold 
time for the information at %he storage aetwark. Part 
of the timing network is the hold time contra/ sw the 
front panel, This control, and t h e  PEAK-VU switch 
simply change the charging time in the timing 
network. So in the VU mode (or if the hold time con- 
trof is turned ail the way down) the meters are driven 
with a real time signal; there is na hold action, 

HEhDPHONE ATTENUATOR SWITCHES 

Because of the relative efficiency of mast 
headphones, It Is easy to produce large sound  
pressure Oevefs with low ar medium poweramptifiers. 
A 280 watt an-nplifiei~ would represent a " letha8 dose'" 
of power to most headphones. It is f ~ r  this reason that 

attenua$ars are ~wseded in series with %he 
headphone jacks on the front panel of the OC- 150, 

Two levels of attenuation are available, 17db and 
24db. The eattenuators are activated by three- 
pasitisn slide switches on $he rear panel, 

TQ ilrustrate the usefoiness outhe attenuators, jet's 
set up a typical headphone monitaring system. We'll 
assuine an impedance sf 8 ohms with an efficiency 
such that 3 vslts across the $ shm impedance 
produces a camfagable listening fevel. Using Ohm's 
law the wwer  is 1.13 waes, Now if we would switch to 
the 17db attenuation psitiion, we could increase the 
voltage to 21 "4 volts and still keep 3 volts across our 
headphones. The new power is 57.2 watts. Similarly, 
by using the 24db attenuation position, the 
vo\ tag~/~wer  could k increased ta 49-8 valts s~ 
318 watts, 

CROSSTALK AND SEPARATION 

Since the OC-150 is a high signal lwei switching 
device, crosstafk 1s limited to lead dress, and 
mechanicai construction of the switches, The QC- 
150 has been carefully engrnee~ed with high quality 
switches. For any practical purposes, the ~ro~staik is 
so far belaw awerage listening power leasele;, that it 
may be considered nsn-existent, 

CARE O f  THE 0C-150 

If the leatherette case afthe OC-$.50 is scratched, the 
scratches can be removed with powder, followed by 
washing with a dishwashing detergent and water, 
Furniture polish cafi k used to polish the cover, 

220 VOLT CONVERSION 

Conversisn for opesation with 228 WAC is ac- 
compilished simply with a soldering iron, Figure 2-7 
shsws t h ~  two h ~ a k - ~ p s ,  C ~ n v e r ~ i ~ n  should be done 
in the following steps: 



(I) Rernove the top cover of the OC- 150. Locale the the t-rmae?ual, alor~g with an  order form tor factory 
four  wires from the transformer going to a ter- packing materia!. All shipping nwst be done in a fac- 
rrairral s tup .  (Left hand rearcorr-~er,Bermina& strip tory pack. 
i s  rmotsnted a2r-r rear panel.) 

(2) Unsolder and remove the wire going fron-t ter- 
mtrral 1 to tf-.re nmin AC ht45 $base wfa(ii~e ~ u n n e c -  
ling one side of all the AC receptacles). 

( 3 )  Unsolder t h e  black wire from tertninai 1, ar16J 
soider it up on the main AC htrs. 

(4) Unsulder'tk~e k>lr-;ick/ yel wire from tern~ir7al2 and 
n.noue it to 1, solder it with the blackigreen wire. 

BL 
(5) Reg:jlac;e the 1/8 fuse with a I . i lQ A fuse. fram BLdGR 

@L/Y EL 
(6) Ct-~ar?.ge the lirle cord tag to read 228 VAC. f@rm@r B Y  RED 

WARRANTY SERVICE 

It a prublen.~ 15 encokintered, and  a%cr a careful 
check of c3yster-n honk-k.rps &he probiem persists, the 
ui-~it should be taken ttr a tlealer. 

He wi t l  be able ts arrange tar authorized service by 
CROWN personnel. In the event -this proves i r n p ~ ~ s i -  
Me, calf or write CROWN International, 1718 West 
Misf~awaka Rd,, El hhadJIN 46514. Your con?.. 
r~>ejr7ication wii! be Gjar-sdted hy our service depart- 
ment, and intarnlation on repair work wifi kre 
available. 

For any warrarlaky work, be sure tta fill a ~ i t  the warranty 
form cormspletely. This form is included at the backot 



Descriptian 

OC-190 Meter Bakard 

C&B&CITORS 

-01 MF disc ceramic 

.22 MF filmafic mylar 

-47 MF fitmatic mylar 

250 MF 30V 

5 PF mica 

160 MF 12V 

RESISTORS 

10M ohm 2 watt 1% CF 

10K ohm $5 w a ~  1% MMF 

20K ohm .5 watt 1% MF 

41.2% ohm .5 watt I% MF 

180K ohm 25 watt 10% 

15 ohm .25 watt 10% 

1.8M ohm 2 5  watt 10% 

2.2K ohm .25 watt 10% 

22K ohm -25 wag 10% 

1K ohm 25 watt 10% 

1BOK ahm 25 watt 10% 

2M ohm 25 watt 1096 

2K ohm trim pot 

4.7K skm .5 watt 10% 

3.9K ohm .5 watt 10% 

5.6 ohm 2 watt 10% 

CPN 

41298 - 



QC- 150 Pa@% List (Csn6'd.b I 

I 

%hsm. W DegcrSptTon 

SEMICONDUCTORS 

Q1, Q2, Q3 2N3859A 

Q4 2~4125 

Q% Q6 2N5459 FET 

IC-1, DC-2 RC4558 Dual op-amp 

01, 02, D3, 04 IN4148 

D5, D6 l N4663 

MISC, @ARDWAWE 

PC board 

8 pin duai in-line IC socket 

lamp socket 

# 1866 6,3V .25A lamp 

FRONT PANEL ASSEMBLY 

RESISTORS 

25K Audio taper pot 

1.74K ohm "25 watt 2% film 

39% ohm .25 watt I% fiim 

113 ohm 25 watt l?h film 

49.9 ohm 25 watt 1% film 

MISC, HARDBARE 

06-1 50 Front Panel 

BC - 150 FF Overlay 

OC-158 PB selector switch 

OC-150 PB range switch 

OC-150 PB Power Switch 

CPN 

3053 Must be a matched pair 

3919 

1262 Mounts aver PC board 

2899 

3494 Haid time controls 

3929 Maunt sn range switch 

3928 Mount on range switch 

3927 Mount sn range switch 

3924 Mount an range switch 

3759 

3784 

3746 VU-Pea k-Amp 

3745 

3'744 Headphone/ speaker 



OC.156 Pa@% List (Canfd.) 

Ogscriptisn 

Mige, Hdwe. Canld, 

PC switch mounting board 

CFN 

PC board terrfS!.linals 
far $W3 

Bracket for 5W1 & SW3 I Main switch bracket 

Switch sub- bracket 

#4 x 3/16 PAN SMC Screw 

6-32 x 388 HEX screw 

Bracket far SW2 

Fastens SW1, 2, 3 ,  to brackets 
i 

Used to fasten bsth switch 
t 

brackets ts front pane\ 
t 

I 

Used to fasten switch 
brackets $a panel 

$46 internal star washers 

Ured $a fasten switch 
brackets ta panel 

6-32 HEX nuts 

M112B 3-Cand. phone jack Headphone jacks 
g 

t 

Used ts secGre 3587 
1 

I Black knurled nut 

Black washer Used ts secure 3587 
I 

Used fga secure 33587 2 

1 

318" iur"arna1 star washer 

fnciudes bezel & a!$ hdwe. VU meter 

Used between meter ter- 
minals $ meter PC board 

I/$" aluminum spacer 

Used to mount R21,22 
inside panel 

164" internat star washer 

CHASSIS ASSEMBLY 

RESiSTORS 

R31, R32, R33 100 ohm 10 watt 10% wire 

R34, 835, R36 

3899 Mount on terminal strips 

R37, R38 

R39, R4Q, W41, R42 8.2 ohm % watt 5% 3908 Mount on hepdphone 
attenuatoa switches 

MISC. WARDWARE 

0C-150 chassis 

3PDT slide switch 3755 Headphone attenuator 
switches 



Dgg~~iption 

Mise. Wdw~. hnYd. 

MDL 1/8A fuse 

3 # 18-8" power csrd, male 

Meyca strain relief 

AG flush receptacle 

Dual binding post 

4-141-4 barrier strig 

FBush expansion ~laut 

46-P-31 power transfarmer 

6 - 32 HEX spacer 

6 - 32 x 1/4 BHP screw 

86 internal star washer 

#6 solder lug 

1-G-2 terminal strip 

8J6U terminal strip 

6-32 x 314 BWP screw 

#6 internab star washers 

6 - 32 HEX nut 

8 - 32 x 518 RHS screw 

#8 internal star washers 

8 - 32 H B  nuts 

CPN 

Secures power cord 

InpuWoutput terminals 

lnpuVoutput 83, 
headphone #3  

Mount in edges 05. chassis 

Used ho mount TL 

Used to fasten f E to 
speakers 

Used to fasten $1 to 
speakers 

Graund jug far green 
wire from power esrd. 

Mounts sn one screw of 
headphdsne barrier strip 

Mount over ~ C ~ ~ W M $ T S  from 
barrier strips 

Used 4 places to 
mount 3563 

Used 4 places to 
mount 3503 

Used 4 pfaces ts 
mount 3503 

Ussd to mount 3 
barrier strips 

Used t o  mount 3 
barrier strips 

Used to mount 3 
barrier strips 



Dewription 

Misc, Hdwe, Confd* 

31 4" rubber feet 

#8 x 1" M T  screw 

#D cont~ol knob 

W8 x 3!8 PHSMT screw 

COVERS, ACCESSORIES, MBECS 

6C-150 Tap cover 

8 - 32 x 112 TWP screw 

#8 x 3 /8  PHSMT screw 

Y' rack mount ears 

6 - 32 x 3/4 SCP SCTEW 

5""end bars 

Mount ta bottom of 
chassis 

Used to mount feet 

Hold time control knobs 

Used ts fasten frsnli: 
panel to chassis 

Fastens top cover ts 
chassis 

Fastens top cover to 
front panel 

Fasten rack ears ts 
front panel 

Used when rack mounting 
io not desired. 
Secured with 1858 screws 

Serial tag 



QC-1.50 TEST 

I, Input  o f f s e t  an panel  meters. 

- Apply power to u n i t ,  with no i n p ~ t ~ m e t e r s  should read zero 

" 2, Calibration 

- Apply 120 'VAC t o  Amp #1 input, (both channels) 

(Use t r u e  m9 peak equivalent A@ meter with variac to obtain 1266 VAC 

ca l fbracing source,) Set range switch t o  140 V, met- switch to 'VU"'; 

a d j u s t  R17 for  %20V reading  on pane3 met ex^, 

3 ,  Sea: meter switch t o  "PEAR@' and t u r n  "hold-time8kcontroPs to f u f l  CW, 

Remove s i g n a l  from input  ($2 above). Meter reading should hold at 120 V 

f o r  10 - 15 second%, 

4, Switch range s w i t e h  t o  14 "%, t u r n  ""hold-t i rne 'hcc~sakrds t o  f u l l .  CCW and feed 

i n  a 10 Volt sbgcal t o  bmp $1 i ~ p u t ,  (Use the  o u t p u t  frox 2n aapliffcr 

ro obta in  a 10 V s igna l )  Meters should read 2 10 V. 

5, Switch range switch to V, feed in a 1 volt sfgnal ,  Heeers should 

read 2 1 V, 

6, Feed 3n a 7 - 8  V 1mz s i g n a l  to Amp #2 i n p u t ,  Take ou tpu t  from sterao 

headphone jacks and feed ~o an external AC rm, Switch headphone ateenuator 

switch t a  "max", Voltmeter should read 7,8 V, (Odb on +1Q V scale) 

Switch to middle  pasiltion, Voltmeter should read 2 1 , 2  V (-17db). 

S w i t  cb to "min" p o s i t  ion. Voltmeter should read%, 62 V (-22db) , 



1, Hast faiLure6 will be due ts switch failures, 

2 ,  Step 1, 

- i f  meters don't read zero PETS, (q5 & q61 may not be matched properly. 

- if Qf is open, a turn-on transient may appear as an inpu t  o f f s e t ,  

3 ,  Step 3 

%f Q1 is leaky, the c i r c u i t  w i l l  catch a peak, but  hold time w5ll not 

be a d j u s t a b l e ,  

4, Step 4, 5 

- if meters seem junpy on law ranges, check Q3 o r  04 for  noise ,  (These 

are the  coastant current  supply,) 

- T f  readings differ drageically, check to make su r e  R39 or W40 are in 

c i r cu i t ,  These provide a Load f o r  the attenuater calibratlan, 

1 



S E R V I C E  B U L L E T I N  

ALE SERVICE CENTERS 

RE: a@-150 METER CIRCUIT 

DATE: 23 duly  1975 

FROM: Technical Service 

PFidespread failure of the  metering circuits in t h e  06-150 has been traced 

t o  secondary breakdown o f  93 and 94. T h i s  i s  caused by t h e  current surge 
I 

required t o  charge t h c  timing capacitor, C 3 ,  A simple modification will 

prevent secondary breakdom and intprovo reliability, 

A 100 ohm, 114 wat t  resistor (CPN 2872) i s  added between C3 and t h e  emitter 

o f  (?3, The encfosed board layout  and schematic illustrate t h e  modif ica t ion .  

43 and/or 94 failure spp toms  are several. Typical problems are penanent  

hold on t h e  meters, and j i t t e r y  meter movements, usually with higher  than 

aormal r ead ings ,  

h y  evidence of leakage ( in  t h e  hold mode) can be improved by swapping t h e  

2961. (2N3859A) transistors with 2962 (TZ-81) a t  Q t  and 92. 

The 100 ohm resistor modification should be performed to a l l  in-house un i t s ,  and 

rout inely  done t o  a l l  service u n i t s ,  



METER AMP1 
NOTES - TRANSFORMER SHOWN YIlREQ FOR lmVAC WENATBON 
FOR 240VAC APPLICATIDNS DlSCONNtCT (A)  AM0 (51 +HEN 
COMNECT ASSWQYVN 8Y DOT7 £0 LINE ICj 

SWITCHES 1A AN0 16 ARE MECHANICALLY INTERLaCEED. 
SWITCHES 1C 10 A410 18 ARL MECMANICALLV INTERLOCKED. 
SW1TCHES ZA.28 2C 2026 ASE*lEWANiCALLY INTERLWXZO 

RI? IS MEYER CALIBRATION 

.OS AND 06  ARE MAlCHEO F E T S  

ALL RESISlQRSARE I N  OWMS 

LOO ALL CAPACITORSARE I N  MICUDFARADS UNLESSOTHLWSSE 
STAT60 

JUaPER ( X I  MUST 8E REWOVED WHEN 
C W N O N  GROUND IS NOT DESIRED 

M P L I F I E R  RETURNS ARE ISOLATE9 FRdM EACHOTHER. 






