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Parts Information (3) 
Transformer and Coil 

1. Power Trans fo rmers 
P o w e r t r ans fo rmers are found in var ious kinds of 
e lec t ronic e q u i p m e n t t o change commerc ia l electr ic 
p o w e r i n t o the k ind of p o w e r requ i red by the equ ip
m e n t . T h e y also serve as insula tors t o p r o t e c t the 
secondary p o w e r source f rom the pr imary. The t rans
fo rmer itself is m a d e of l amina ted i ron sheets at its 
core , covered w i t h the p r i m a r y winding and then w i th 
t he secondary winding (called N x and N 2 respective
ly) . T h e core is l amina ted t o r educe loss m a d e by 
e d d y cu r ren t . When AC vol tage (Et) is applied t o 
the p r imary winding , m u t u a l i nduc t i on causes an AC 
voltage t o flow t h r o u g h the secondary winding. The 
re la t ion b e t w e e n the relative voltages in the t w o 
windings varies according t o the relative n u m b e r of 
t u rn s in t h e t w o windings : 

E 1 : E 2 = N 1 : N 2 

Therefore any secondary voltage value can be 
ob t a ined for a given p r i m a r y vol tage b y varying the 
ra t io of t u rn s b e t w e e n the two windings . 
Power t r ans fo rmers fall i n t o one of t h ree g roups , 
according t o t h e s t ruc tu re of thei r i ron cores: 

1. EI core 
2. Cut core 

3 . Ring core ( to ro ida l ) 

1-1 El Core 

Presently, this is the m o s t wide ly used t ype of t rans
former . I t is well-suited to mass p r o d u c t i o n , and 
because a u t o m a t i c winding m a c h i n e s can be used, 
t h e p r o d u c t i o n costs are low. A d rawback , however , 
is t he a m o u n t of leakage f lux caused by loss in mag
ne t i c energy. 

Fig. 1 The measurement of core 

Type A B C D E F 

E I - 4 8 40 48 32 * 

E I - 5 4 45 54 36 * * * 

El —57 47.5 57 38 * 

E I - 6 0 ' 50 60 40 * * * 

E I - 6 6 55 66 44 * 

El— 76 68.5 76.2 50.8 5 50.8 64 

E I - 8 5 71.5 85.8 57.2 5 57.2 71 

E I - 9 6 80 96 64 6 64 79 

El —105 87.5 105 70 6 70 87 

El —114 95 114 76 7 76 95 

E I - 1 3 3 111 133.2 88.8 7 88.8 111 

U = V = X = A - C W - 2 x U 

Table 1 The dimensions of cores 

Y = C - U 
Unit : mm 

Photo 1 



El-cored t r ans fo rmers are classified by the i r measure 
m e n t s and the i r m e t h o d of ins ta l la t ion. Fig. 1 in
d ica tes t he d imens ions of the core as prescr ibed by 
t h e J IS ( Japanese Indus t r ia l S tandards ) . T h e meas
u r e m e n t B b e c o m e s t h e n a m e of t h e core , e.g. ,EI-48„ 
Trans fo rmers of this t y p e are also classified by the 
size of t h e core and its s t ruc tu re : 

Band cover t y p e (up t o EI-66) 
Angle t y p e (over EI-66) 
Laying t y p e (over EI-66) 

Angle type (horizontal) 

Band cover type (vertical) 

Band cover type (horizontal) 

Laying type 

Fig. 2 The types of core 

With regard t o t he magne t i c mater ia l used for the 
core , Highlight or Or ien t is prescr ibed by the JIS 
s t andard (C-2552 and C-2553) . Highlight is a core 
mater ia l m a d e from a steel sheet of ferroal loy con
ta ining less than 3.5%sil icon and then t rea ted wi th 
hea t and cold rolling a l t e rna te ly . I t has no magne t i c 
direct ivi ty . T h e surface of t he steel is finely finished, 
and t h e vo lume fac tor is excel lent . As an al ternat ive, 
sheet steel conta in ing f rom 3 % t o 3 .5% silicon is 
rol led i n to p la te one to t w o mi l l imeters th ick by a 
hea t strip process and is t h e n m a d e i n t o p la te 0.3 
t o 0 .35mm in th ickness by a l t e rna te cold s t r ipping and 
anneal ing. Magnet ic di rect ivi ty is appl ied by set t ing 
magne t i c poles a long the axis of the p la t e rolling. 
A core wi th magne t i c direct ivi ty exhib i t s m a x i m u m 
magne t i c p roper t i e s in the d i rec t ion of the s tr ip, 
and b e c o m e s progressively w e a k e r as the angle t o 
the str ip d i rec t ion b e c o m e s greater (Fig. 3 ) . Com
par ing this t y p e of core t o t he first, t he i ron loss 
is smaller and relative magne t i c pe rmeab i l i ty is 
larger. 

Angle type (vertical) 



1-2 C u t Co re 

Photo 2 Cut core transformer 

T h e s t ruc tu re of the cut core is unusua l and is n o t 
widely used . However , t he c u t core t y p e of t rans
fo rmer exhib i t s low leakage flux and is more effi
cient t h a n EI cores and usual ly m o r e c o m p a c t as 
well. F o r these reasons they are o f t en used where a 
high-class image is w a n t e d o r w h e r e EI cores are 
imprac t ica l for reasons of space . On the deb i t 
side of t he ledger, cu t core t r ans fo rmers d o n ' t lend 
themselves well t o mass p r o d u c t i o n , and so costs are 
high. F o r example , the cut faces are pol ished t o 
mi r ro r smoo thnes s and each pair of faces m u s t be 
precisely m a t c h e d . A n o t h e r p r o d u c t i o n p r o b l e m is 
t ha t the windings m u s t be ba lanced if the efficiency 
of t he design is t o be realized. 

Contacting face 

Core materials: Orient material (directivity) 

Fig. 5 Cut core 

T h e shape of the cu t core is shown in Fig. 5. T h e 
n u m b e r in t h e n a m e of t he core refers t o its max i 
m u m handl ing power . T h e following t w e n t y cu t 
cores are n o w s tandard ized in t he indus t ry : CS-8, 
CS-16, CS-20, CS-25, CS-32, CS-40, CS-50, CS-63 , 
CS-80, CS-100 , CS-125 , CS-160 , CS-200 , CS-320 , 
CS-300 , CS-400 , CS-500 , CS-800 , CS-1Q00. T h e 

The strip direction 

.Relative magnetic 
permeability 

Magnetic 
f lux density 

Fig. 3 

Fig. 4 The position of leakage flux 



s t andard cut core t r ans fo rmer Is general ly e q u i p p e d 
w i t h a casing cover in which t h e t r ans fo rmer is fixed 
w i t h a filling of e p o x y resin or some o t h e r similar 
mater ia l . 

Transformer Fill ing material 

Case cover 

Fig. 6 The position of leakage flux (see Fig. 7) 

T h e ring core t r ans former , also k n o w n as a to ro ida l 
t r ans former , was once e m p l o y e d on a very l imi ted 
n u m b e r of e lec t ronic devices, b u t i ts appl ica t ion is 
widening wi th t o d a y ' s grea ter c o n c e r n for resource 
conserva t ion . T h e disadvantages of ring core t rans
fo rmers are these: the re are m o r e s teps in t h e manu
factur ing process ; t rans ien t cu r r en t i n t o the p r imary 
winding is grea ter ; w h e n c o m b i n e d w i t h a rectifier 
c i rcui t pulse noise is of ten i n d u c e d , and " b e a t " of ten 
occurs because there is no escape for magne tos t r i c 
t ion . T h e advantages of to ro ida l design, however , are 
m a n y : ring core t r ans fo rmers are m o r e efficient, 
having less leakage flux t han e i the r EI o r cu t core 
t y p e s ; t h e y are smaller, and vol tage regula t ion is 
be t t e r . T h e u n i q u e advantages of to ro ida l t rans
fo rmers m a k e t h e m ideal in p o w e r amplif iers over 
150W. 

1-3 Ring Core 

Core material: Orient material (directivity) 

Fig. 8 Ring Core 

Photo 3 

Fig. 8 shows t h a t ring cores have n o con tac t ing face, 
and since t hey d o n ' t have s t andard ized n a m e s ye t , 
t h e y are specified s t r ic t ly by m e a s u r e m e n t . Ring 
cores , like cu t cores , are general ly fixed wi th a filling 
t h a t is p o u r e d i n t o t he space b e t w e e n the core and 
t h e casing cover, as shown in Fig. 9. 

Transformer Filling material 

Case cover 

Fig. 9 The position of leakage flux 

Fig. 7 The position of leakage flux 



Fig. 10 shows the pos i t ion w h e r e leakage flux is 
genera ted . 

Fig. 10 The position of leakage flux 

At this po in t we wou ld like t o go i n to more detai l 
a b o u t h o w the mer i t s of each of these t rans former 
types is re la ted t o use in an ac tual p o w e r amplifier. 
T h e weight of t h e ring core is 10% less t h a n tha t of t he 
EI , and were it n o t for the casing cover it would be 
a lmos t 50% lighter. In add i t ion , it can be made 2 0 -
3 0 % smaller in vo lume (refer t o P h o t o 4 on t h e 
n e x t page) . 

El core 

Toroidal A 

Toroidal B 

Fig. 11 Leakage flux 

Leakage flux is r educed from 1/5 to 1/15 as indica ted 
in Fig. 1 1 , and vol tage regula t ion is also improved . 
Because t h e ring has no con tac t ing face, the cross-
sect ion of t h e magne t i c c i rcui t b e c o m e s smaller. 
Th is r e d u c t i o n pe rmi t s fewer t u r n s in b o t h t he 
p r imary and secondary windings so t he th ickness of 
t he wire m a y be increased. A smaller loss factor in 
t he magne t i c circuit resul ts in an efficiency gain of 
5—10% and opera t ing t e m p e r a t u r e r emains lower. 

1. Winding the shor t ring 
2 . Winding the core band singly 
3 . Winding the core band d o u b l y or t r ip ly 
4 . Use of an Or ien t core b a n d 
5 . Increasing height and th ickness 
6. Use of an Or ien t core 

1-5 Color Classification of Lead Wires 
Trans fo rmer lead wires are co lor -coded as indica ted 
in Fig. 12. 

For CSA For UL or UL/CSA 

For 5-voltage F o r 4-voltage For GN 

green 
blue 

•white 

• red 

• brown • 
-green 

• blue 

For power For preamplifier/ For pi lot lamp 
amplifier tuner 

Fig. 12 Color classification of lead wires 

1-4 Measures Taken t o Reduce Leakage Flux 
Leakage flux has an adverse effect on S/N of n o t 
on ly the set it is in, b u t if b a d e n o u g h can raise t h e 
noise level of associated e q u i p m e n t as well. F o r th is 
reason, some care has t rad i t iona l ly been t aken t o 
keep leakage flux t o a m i n i m u m : 

Primary Winding 

green brown 

white white 

grey 
red 

orange 

brown 

yellow 
white 

red 

white 

Load current 

Le
ak

ag
e 

flu
x 

(O
e)

 

Secondary Winding 

red 



Core bandage Terminal Bobbin 

Winding 

Winding Magnetic shielding belt Core 

Photo 4 Cut core side view Photo 6 Cut core bottom view 

Photo 5 ES top view Photo 7 Ring core (uncovered) 



1-6 Rush Current 
Fig. 13 indica tes t he p r i m a r y circuit equivalent of a 
p o w e r t rans former . T h e cur ren t of each pa r t is given 
by the following formulas : 

Impedance in the primary winding 
Leakage reactance in the primary winding 
Impedance in the secondary winding 
Leakage reactance in the secondary winding 
9o — j b 0 : Admittance in the excitation circuit 
Turn ratio of a transformer 

Fig. 13 The primary circuit equivalent of a transformer 

T h e p r imary loaded c i rcui t : 

v = Yi 
1 (>! + jxx) + a2 (r2 + / x ) + a2 z 

Exci t ing cu r ren t : 

/o =Y0V1 =(g0-fbo) Vx 

Pr imary cu r ren t : 

I I ~ / o " f / l " 7 ( ) F l + {rx + jXx) + a2(r2 + jX)+a2Z 

T h e i n s t an t aneous cu r r en t ( I j ) which flows w h e n 
voltage V i is appl ied is called rush cur ren t . The rush 
cur ren t in a t r ans fo rmer whose rx and r 2 are small , 
like those in a ring core , is p ropor t iona l ly larger. 
Therefore , some t ransformers , like those found in 
SPEC-2, and SX-1250 , SX-1050 , SX-1980 , SX-1280 , 
and S X - 1 0 8 0 , are e q u i p p e d w i th a special circuit tha t 
represses th is rush cu r ren t . 

1-7 T h e Ef fect of " B e a t " Caused by the Input 
Waveform 

If t he i n p u t waveform were a sine wave there wou ld 
be n o " b e a t . " Bm ( m a x i m u m magne t i c flux dens i ty ) 
of t he t r ans fo rmer ' s core , never theless , is de t e rmined 
by the n u m b e r of t u rn s of t he p r i m a r y winding and 
the cu r ren t . When t h e voltage exceeds t h e nomina l 
n o r m dur ing use , Bm is designed t o restrain t h e on 
bea t u p t o a po in t of 10% above the ra ted i npu t , 
w h e t h e r or n o t t he r e is a load p resen t at t he second-

ary winding . " B e a t " m a y occu r if t ha t l imit is exceed-, 
ed. Also , in t he event t ha t the waveform is d i s to r t ed 
for some reason, the t r ans fo rmer m a y beat because 
the a l t e rna t ion of cur ren t in t h e p r imary winding 
and the resul t ing magne t i c flux m a y exceed the Bm 
of t he core . Fig. 14 shows cu r ren t waveforms in t h e 
p r imary winding. 

Fig. 14 Current waveforms in the primary winding 

(a) is a regular cur ren t waveform, (b) is an example 
of a cur ren t waveform which will cause the t rans
fo rmer t o beat . Amperage peaks are h igher t h a n in 
the regular waveform, causing the magne t i c flux t o 
exceed the Bm of t he core , which in t u r n sets u p a 
magne tos t r i c t ion which causes t he core t o beat . 



2. Coils and Transformers for Radio 
Frequency (RF) 

2-1 A V a r i e t y o f Co i l s and T r a n s f o r m e r s f o r R F 
(1) Balun transformer 

Photo 8 

(2) RF tuning coil 

(5) Low-pass filter 

2-pole type 

Photo 9 

(3) Intermediate Frequency Transformer (I.F.T.) 

Photo 10 

(4) Detection transformer 

3-pole type 

Photo 12 

Photo 11 



(6) Other Inductors 

Photo 13 RF choke coil Photo 14 Micro inductors 

2-2 Uses and Characteristics 
(1 ) Ba lun T r a n s f o r m e r s 
A ba lun t r ans fo rmer conver t s t h e impedance of an 
a n t e n n a from a 30012 ba lanced circuit t o a 7512 
unba lanced circuit. 

(a) An equivalent circuit of a bifilar winding 

(b) An equivalent circuit of a balun transformer 

Fig. 15 

(a) Fig. 15 shows an equivalent circuit of a bifilar 
winding t rans former . T h e i m p e d a n c e be tween A and 
B is designed t o be 15012. Similarly the equivalent 
c i rcui t of a ba lun t r ans fo rmer can be expressed as 
s h o w n in Fig. 15 (B) . T h e i n p u t side is a balanced 
circui t of 30012 wh ich is a to t a l i m p e d a n c e for the 
t w o coils, and t h e o u t p u t side is an unba lanced 
circui t of 7512 consis t ing of parallel circuits of t h e 
t w o coils. T h o u g h it is possible for t h e front end of 
a t u n e r t o b e fed d i rec t ly b y a 30012 l ine, usually a 
ba lun t r ans fo rmer is used t o conver t the impedance 
to 7512. F r e q u e n c y range is f rom 70—120MHz, and 
t h e inser t ion loss is a b o u t l d B . 

(2) T u n i n g Coi ls f o r H igh F r e q u e n c y 
Tun ing coils for high f requency are used along w i th 
variable capaci tors t o t u n e in s ta t ions . T h o u g h the re 
are a wide var iety of shapes , colors , and winding 
conf igura t ions , these coils m a y be classified in t w o 
b r o a d categories : t hose for h igh-f requency tun ing 
circui ts and those for local osci l lator circuits (OSC 
coils). B o t h share a c o m m o n character is t ic . Fe r r i t e 
cores are used in t he R F coils, while a l u m i n u m cores 
are used in t he OSC t y p e . T h e ferrite core raises t he 
Q-value of the t u n e d circuit , raising induc tance and 
lowering the tun ing f requency as the ferrite comes 
closer t o t he center of the coil. The a l u m i n u m coil 



has a lower Q-value b u t its t e m p e r a t u r e character is
t ics m a k e it ideal for use in osci l lator circui ts . As t he 
a l u m i n u m cen te r is d r a w n in to t h e coil, Q-value 
lowers and tun ing f requency becomes higher . 
Some coils are e q u i p p e d wi th an ex t r a set of t aps , 
called secondary windings , wh ich are used for imped
ance-match ing in the R F ampl i f ica t ion or osci l la tor 
sect ions . T h e p u r p o s e of taps and secondary wind
ings are the same, t h o u g h secondary windings are a 
m o r e convenien t and less cost ly m e t h o d . 

(3) I n t e r m e d i a t e F r e q u e n c y ( IF ) T r a n s f o r m e r s 
I n t e r m e d i a t e f requency ( IF ) t r ans fo rmers were 
former ly used (in the era of d iscre te c i rcui ts u p unt i l 
a b o u t 1973) for increasing selectivity. But n o w tha t 
IC's d o m i n a t e the scene along w i th ceramic filters, 
this t y p e of t rans former has been largely relegated 
t o ma tch ing . T h e first stage IF t r ans fo rmer is p laced 
wi th in the front end of t he t u n e r and plays an im
p o r t a n t role of impedance ma tch ing wi th the ceramic 
filter of the following stage and reduces s tereo dis
t o r t i o n as well. T h e usual shape is 1 0 m m square . 

(4) D e t e c t o r T r a n s f o r m e r s 
A d e t e c t o r t r ans fo rmer is an o r d i n a r y doub le - tun ing 
coil w o u n d on a slit b o b b i n . As m e n t i o n e d earlier, 
t he advantage of this design is a r e d u c t i o n in the 
coupl ing factor b e t w e e n t h e t w o wind ings . I t is suit
able for d e t e c t o r s because of i ts s tr ict differential-
gain character is t ic . 

> Primary winding 

Secondary winding 

Manufacturer A Manufacturer B 

Fig. 16 The structure of I FT 

Manufac tu re r A p r o d u c e s a t r ans fo rmer whose core 
has a secondary winding w o u n d on t o p of the pri
m a r y . T h e disadvantages of this design are t h a t t he 
d i s t r ibu ted capac i tance in b o t h windings b e c o m e s 
large as does t he var ia t ion in t h e coupl ing factor . 
Manufac tu re r B, on the o t h e r hand , p r o d u c e s an IF 
t r ans fo rmer wi th a slit b o b b i n on wh ich the p r imary 
and secondary windings are separa te , reducing dis
t r i bu t ed capac i tance and al lowing a r educed coupl
ing factor . 
Tun ing capac i tance can be f rom 2 2 P F t o 100PF to 
suit t he pu rpose . As capac i tance increases, Q 0 de
creases because it is less affected by capac i tance 
var ia t ions in ex te rna l s emiconduc to r s . There fo re 
ba lance of these t w o factors is i n c o r p o r a t e d in to the 
design of the t ransformer . 

Fig. 17 Detection transformer 

T h e detec t ion-di f ferent ia l charac ter i s t ic is similar t o 
the group-delay character is t ic in t h a t non- l inear i ty 
of t he S-shaped curve of t he d e t e c t o r can be magnif
ied. This feature al lows a relat ively large change in 
de t ec t i on o u t p u t for a very small change in frequen
cy. Because this re la t ionship can be different iat ing 
t he S-curve against f requency , it is o f ten called the 
differential gain charac ter i s t ic . Like g roup delay, the 
de tec t ion-di f ferent ia l re la t ionsh ip should be con
stant t h r o u g h o u t the band . 

(a) S-curve characteristic (b) Dectection-differential 
characteristic 

Fig. 18 

Drum 



(5) Low-Pass F i l te rs 
Low-pass filters are general ly of two-po le or three-
po le design. T h e pu rpose of the low-pass filter is t o 
ma in t a in flat f requency response u p t o 15kHz wi th 
sharp a t t e n u a t i o n at 19kHz and 3 8 k H z . As y o u p ro 
bab ly k n o w already, the FM signal is p reemphas ized 
a t t he s ta t ion and t h e n de-emphas ized in the tune r . 
Correc t de-emphas is is largely d e p e n d e n t on the flat
ness of t h e low-pass filter u p t o 15kHz. F o r this 
reason , t h e F-3 ' s low-pass filter is designed to r emain 
pract ica l ly ruler-flat u p t o 15kHz w i t h sharp dips at 
2 3 k H z and 38kHz . T h e 19kHz pi lo t signal is a t t enu
a ted by a n o t h e r a l toge ther , y ie lding great ly im
p roved de-emphasis character is t ics . T h e greater the 
n u m b e r of po les , t he m o r e dips in f requency response 
the re will be and the greater the a m o u n t of a t t enua
t ion at each . 

Fig. 20 Three-pole low-pass filter 

3 . Coils Used for Audio-Frequency Circuits 
Audio- f requency circui t coils i nc lude induc to r s used 
in the o u t p u t stages of p o w e r amplif iers ( P h o t o 15) 
and coils used in speaker n e t w o r k s ( P h o t o 17). 

3-1 T h e O u t p u t Inductor 

Photo 15 

T h e load of a p o w e r amplif ier is no rmal ly a speaker 
sys tem, bu t it m u s t be able t o run w i t h o u t instabili
ty or osci l lat ion no m a t t e r w h a t the load. As Fig. 21 
shows , the i m p e d a n c e charac ter is t ics of speaker 
sys tems are c o m p o s e d of i n d u c t a n c e , capaci tance , 
and resis tance. T w o - w a y o r three-way speaker 
sys tems are c o m p o s e d of i n d u c t a n c e , capaci tance , 
w i th in te rac t ion b y the i m p e d a n c e of the var ious 
drivers and t h e crossover n e t w o r k . As y o u m a y 
k n o w , amplif iers employ ing negat ive feedback are 
likely t o reac t adversely by i n d u c t a n c e and capacit ive 
e l emen t s normal ly found in such a speaker load. By 
placing an i n d u c t o r in the o u t p u t c ircui t , oscil lat ion 
caused by capacit ive loads can be avoided. F o r this 
reason, i nduc to r s are n o w found in the vast major i ty 
of amplif iers on the m a r k e t t o d a y . T h e following are 
c o m m o n i n d u c t o r t ypes : 

T 6 3 - 0 0 9 for general o u t p u t (2.2/xH) 
ATH-003 for low o u t p u t (1 .2 / iH) 
ATH-012 for high o u t p u t (1 .1 / iH) 

Less than - 3 d B 
Less than -0 .3dB 

More than - 2 7 d B 

More than - 3 5 d B 

Fig. 19 Two-pole low-pass filter 

Less than - 1 d B 

C characteristic 

L characteristic 
Single cone speaker 

R characteristic 
3-way system 

Fig. 21 Impedance characteristics of speaker systems 



3-2 Speaker N e t w o r k Coils 
T h e y are general ly of t w o t y p e s : those w i t h air cores 
and those w i t h ferri te as a core . C h o k e coils w i th 
cores of silic steel sheet or pe rma l loy are also used 
occasional ly . 

Photo 16 

(1) A i r Core Co i ls 
Air core coils have n o magne t i c sa tu ra t ion against 
large inpu t , h a r m o n i c d i s to r t ion is in f requen t , and 
i n d u c t a n c e general ly remains cons t an t against i npu t . 
O n the minus side, t he c o p p e r wire has t o be th icker 
t o reduce the a m o u n t of DC resis tance, so t he cost is 
h igh and the d imens ions are ap t t o be large. F u r t h e r 
m o r e , if t he coils are p laced close toge ther , m u t u a l 
i n d u c t i o n can occur , resul t ing in p o o r t o n e qua l i ty . 
T h e r e m e d y for th is is special a t t e n u a t i o n at the 
t ime of ins ta l la t ion. 

Photo 17 

(2) C h o k e co i ls w i t h f e r r i t e co re 
T h e coils are of t w o types : the d r u m t y p e s h o w n in 
P h o t o 17 and the E t y p e shown in P h o t o 18. Fer r i t e -
co red choke coils offer low DC resis tance and so can 
be m a d e small. Ins ta l la t ion is simple and t h e y are 
easy t o mass -produce . F o r these reasons , t h e y are 
widely used. When used w i t h low inpu t , t h e y exh ib i t 
excel lent l inear i ty and t o n e qua l i ty is no rma l ly good . 

However , as i n p u t p o w e r is increased t h e mater ia l 
f rom which t h e core is m a d e b e c o m e s increasingly 
i m p o r t a n t in t h e m a i n t a i n a n c e of l ow d i s to r t ion . 

Photo 18 

(3) Choke Coils wi th Cores of Si!sc Shee t 
C h o k e coils wi th cores of silic shee t steel are rarely 
used any m o r e . The re are four t y p e s using this cen
ter , as shown in Fig. 22 . T h e silic sheet steel of t he 
core m a y have magne t i c direct ivi ty o r it m a y have 
n o n e . 

Photo 19 

Type 

• E type 

-El type 

-H type 

I type 

Fig. 22 Types of choke coils with cores of silic sheet steel 



These chokes have t h e fol lowing character is t ics as 
o p p o s e d to air core coils: t h e y can be m a d e compac t , 
t h e y have low eddy cu r ren t d i s to r t ion because t h e 
core is l amina ted , and d i s to r t ion is low for even 
large i n p u t s because t h e level of magne t i c flux is 
high. However , unless a resin-solidifying t r e a t m e n t is 
used , r e sonance is l ikely t o occur b e t w e e n the core 
and the coil. A n o t h e r p r o b l e m is t h a t u n d e r some 
gapping cond i t i ons a closed magne t i c circuit can 
occur causing sa tu ra t ion and a resul t ing lack of 
l ineari ty against i npu t . 

(4) A C o m p a r i s o n o f t h e Charac te r is t i cs o f A i r Core 
Coi ls and Fer r i t e Core Co i l s 

The Figs. 30 ~ 32 show f requency and d is tor t ion 
character is t ics b e t w e e n an air core coil and t w o 
types of ferri te core coils. All th ree coils are 0 . 4 5 m H . 
Fig. 23 shows the da ta o n t h e air core coil, Fig. 24 
shows t h e p e r f o r m a n c e of a core of super ior ferri te 
mater ia l , whi le Fig. 25 shows the pe r fo rmance of a 
ferri te core coil w i th inferior mater ia l . Y o u can see 
for yourse l f t h a t the mater ia l s and the cons t ruc t ion 
of a coil have a great effect on its pe r fo rmance . 

4. Coils Used in Tape Decks 
Coils used in t a p e decks inc lude peak ing coils in 
record ing equal izer c i rcui ts , t r ap coils t o couple t he 
record ing amplif ier t o t h e bias c i rcui t , osci l lator 
t r ans fo rmers t o genera te AC cur ren t for the erase 
h e a d and record bias, d u m m y coils t o s imulate t he 
load of an erase head o n the osci l la tor circuit of 
open-reel t a p e decks , and MPX filters used in the 
Dolby circui ts of m a n y casset te decks . 
(1) Osc i l l a to r T r a n s f o r m e r s 

Photo 20 

These are used in osci l la tor circui ts t o genera te the 
necessary a l ternat ing cur ren t for t he erase head and 
t h e bias c i rcui t . Oscil lat ing f requency is be tween 
100 and 125kHz for open-reel decks and 85kHz for 
casset te decks . Seconda ry winding i m p e d a n c e is high 
t o assure cons t an t bias cu r ren t and stable erasing 
p roper t i e s . Because d i s to r t ion in t he osci l lator circuit 
adversely affects the o p e r a t i o n of t he ent i re record
ing circuit , t h e core mate r ia l is carefully selected 
and Q is k e p t high in o rde r t o keep t h e d i s to r t ion 
figure as low as 0 .5%. In some sets, shields called 
osci l lator b locks are used t o p revent t he coils f rom 
interfer ing w i t h r ecep t ion by A M / F M tune r s . 

(2) T r a p Coils 

i 

Photo 21 

T h e high h a r m o n i c e l emen t of t h e oscil lator t rans
fo rmer m a y set u p a separa te and u n w a n t e d oscil
la t ion in the record ing amplif ier or degrade its S/N. 
T h e flow b e t w e e n the bias c i rcui t and the recording 
c i rcui t ' s o u t p u t s and vice versa m u s t be p reven ted t o 
achieve a clean signal. T r a p coils serve this pu rpose . 
T h e coils are t u n e d t o r e sona t e at t he same frequen
cy as t he oscil lator circui t , min imiz ing m u t u a l inter
ference. 
(3) Peak ing Coi ls 

Photo 22 

These are used in t h e LC n e t w o r k s of recording 
equal izers t o m a k e d rama t i c changes in the incoming 
signal, t o con fo rm t o such s t anda rds as N A B , BTS, 
IEC, and o the r s . A n RC n e t w o r k is used in the play
back circuit t o de-process these signals back t o flat 
r esponse . Peaking coils are used because the changes 
in the inpu t signal are so great t ha t an o rd inary R C 
n e t w o r k canno t be used. 
(4) D u m m y Coils 

m 
Photo 23 



T a p e decks n o w c o m e in a var ie ty of t r ack configura
t ions and of ten offer synchron ized mon i to r ing . In 
these cases, t h e erase head and t h e record head have 
t o be d i sconnec ted f rom t h e osci l lator circui t . T h e 
f requency of t h e osci l lator , however , is in large pa r t 
regula ted by t h e i n d u c t a n c e of t h e erase head and 
the osci l lator coil and by its capac i tance w h e n con
nec t ed in parallel w i th this i nduc tance . R e m o v e the 
erase head f rom t h e circui t , and the voltage and the 
f requency will b o t h vary. These var ia t ions have an 
adverse effect o n overall pe r fo rmance . T o cor rec t 
th is , a d u m m y coil is inser ted in to t he circui t when
ever t he erase head is d i sconnec ted t o ma in t a in 
p r o p e r osci l la tor load and f requency . In p rac t ice , 
t he d u m m y coil and the osci l la tor impedance should 
be adjusted so t h a t t he f requency is precisely main
ta ined w h e n switching f rom the erase head t o the 
d u m m y coil. 
(5) M P X Fil ters 

(6) H e a d p h o n e T r a n s f o r m e r s 

Photo 25 

The h e a d p h o n e t rans formers are used main ly for the 
t ape decks to m a t c h the h e a d p h o n e impedance to 
the o u t p u t impedance of the h e a d p h o n e a m p 
lifier. 
H e a d p h o n e t ransformers are being superseded by 
IC's due to thei r lower cost , h igher pe r fo rmance 
and convenience of use. 

Photo 24 

These are used in t h e r eco rd phase of Do lby process
ing. If a poor -qua l i ty s te reo t u n e r is used t o feed a 
signal t o a casset te deck i ts s te reo p i lo t signals of 
19kHz and 3 8 k H z will n o t be p rope r ly suppressed 
and will en t e r the D o l b y circuit along wi th the aud io 
signal. These t w o signals, t he p i lo t and t h e carrier, 
can have a bad effect on Do lby decoding if t hey are 
n o t a t t e n u a t e d . T h e MPX filter serves th is pu rpose . 



Fig. 30 

INPUT 30W 
(15.5V) 

Fig. 31 

3rd Harmonic Distortion 
2nd Harmonic Distortion 

Air Core Coil 

0.45mH 

INPUT SOW 
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Ferrite Core 
Good Materials 
0.45mH 
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2nd Harmonic Distortion 

Fig. 32 
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0.45mH | 
028 x 25 



New Products 
C T - F 7 0 0 

More than 1 0 years have passed since t he first in t ro 
d u c t i o n of casset te t ape decks. Pe r fo rmance has 
great ly increased dur ing tha t pe r iod and is n o w ad
vancing to a level of sophis t ica t ion which once be
longed to middle-class reel-to-reel t ape decks . 
A fine example of this sophis t ica t ion is the C T - F 1 0 0 0 
three-head casset te t ape deck wi th an efficient mon i 
tor ing sys tem dur ing record ing which was i n t r o d u c e d 
b y P ioneer last year . 
CT-F 1000 is n o w acknowledged as the t op - r anked 
th ree-head caset te deck. A n e w deck, C T - F 7 0 0 , is a 
two-head casse t te deck wh ich will also set t h e 
s t anda rd of p e r f o r m a n c e in its class. 
C T - F 7 0 0 incorpora te s a n u m b e r of features which 
are n o t found on o t h e r compet i t ive mode l s . O n e of 
t hose features is t he sys tem which m o n i t o r s the 
d y n a m i c level during recording t h r o u g h the use of a 
th i rd m e t e r as a record ing bias ad jus tmen t sys tem. 

1 . T h e d y n a m i c r a n g e m o n i t o r i n g s y s t e m . 

As y o u m a y al ready k n o w , set t ing the record ing level 
w h e n y o u record wi th a t ape deck can be difficult 
a t t imes , and even ha rde r w h e n record ing th rough 
m i c r o p h o n e s . 
C o m p a r e d to reel-to-reel t ape decks , the task is al
m o s t twice as difficult on a casset te t ape deck. 
These are the character is t ics of casset te decks which 
c o n t r i b u t e t o the p r o b l e m : 

1) T h e w i d t h of the tape is na r row. 
2) T h e magne t i c coat ing of t h e t ape is th in . 
3) T h e speed of the t ape is slow. 

These facts resul t in the fol lowing: 
1) T h e level of magne t i c sa tu ra t ion is lower than 

in reel-to-reel decks. 
2) T h e level of hiss is higher. 
3) A grea ter n u m b e r of high frequencies are 

d r o p p e d ou t . 
In shor t , t he d y n a m i c range is na r rower . 
Fig. 1 shows t h e character is t ics of casset te t ape 
decks vs. reel-to-reel decks. 



Saturation level 

Fig. 1 Characteristics of input and output 

N e x t le t ' s consider t he record ing signal. 
Fig. 2 shows a record ing signal's wave form. 

Clipped 

Saturation level 

Reference level 

Fig. 2 The recording signal 

Genera l ly speaking, t he re is cons iderable difference 
be tween the peak and t he average levels of the signal. 
When record ing wi th the average level set t o o high 
(REC level set t ing t o o high) , the signal will be cl ipped 
at i ts p e a k due to t he magne t i c sa tu ra t ion of the 
tape . 
O n t he o t h e r h a n d , if t he R E C level set t ing is t o o 
low, S/N will be aggravated by t ape hiss noise men

t ioned above a l though n o sa tu ra t ion will occu r at 
the peaks . In o rde r t o r eco rd signals tha t have a 
difference be tween peak and average levels w i t h o u t 
d i s to r t ion and de te r io ra t ion of S/N, it is necessary 
t o k n o w h o w high t he peak level is. 
T h e sys tem to de tec t this peak level is found in t h e 
th i rd me te r . 

Reel-to-reel deck 

Reference level Distortion 
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Input Input 
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Headphone Amp. 

Fig. 3 Peak meter circuit 

Fig. 3 shows the third meter drive circuit (peak-
meter circuit). The Q50i, Q502 and Q503 form the 
three-stage direct-coupled amplifier and carry out 
logarithmically-compressed amplification because 
the Z>503 and D$o4 are inserted into the feedback 
l o o p from the emitter o f Q503. 
The logarithmically-compressed amplified signal is 
rectified by the D 5 0 7 , the peak is detected by the 

C 5 1 o and DC amplification is accomplished by the 
Q505 and Q 5 0 6 . 
Qs 04 is a muting transistor which prevents deflec
tion of the meter needle when power is on. 
As y o u can see in Fig. 4 , this meter circuit has flat 
frequency response during playback, while it in
creases response at both high and low ends during 
recording. 
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Fig. 4 Frequency characteristics of meter circuit 

Dynamic level meter 

Ordinary level meter 

Dolby On 
Dolby Off 



In general , while recording w i th a casset te tape deck, 
t h e fol lowing po in t s can be m a d e concern ing fre
q u e n c y range of i npu t signal and level set t ing: 
1) A t low frequencies , if t he record ing level is 
raised, t he d i s to r t ion increases (see Fig. 5 ) . 
2) A t high frequencies , the sa tu ra t ion level of t he 

magne t i c t ape decreases a long w i th t h e increase of 
f requencies . 
Accordingly , as the f requency of t he recording signal 
rises, t he signal sa tura tes in t h e lower level and char
acteris t ics of i npu t and o u t p u t are aggravated (see 
Fig. 5) . 

On the o t h e r h a n d , as level me te r s usual ly have flat 
f requency response character is t ics , t hey canno t read 
f requency ( c o m p o n e n t s ) of i n p u t source . Conse
quen t ly , even t h o u g h y o u set t he record ing level as 
y o u th ink fit by m o n i t o r i n g t h e level me te r s , distor
t ion will occur as t he o u t p u t level decreases at high 
f requencies due t o t h e magne t i c sa tu ra t ion if t he 
h igh-f requency spec t rum of t h e source is s t rong. 

Also , if t h e low-f requency s p e c t r u m of t he source is 
s t rong, t he d i s to r t ion will sharply increase at low 
frequencies due t o t he low-f requency compensa t ion 
of t he recording equal izer . 
This is w h y the f r equency character is t ics of t h e 
th i rd m e t e r dur ing record ing appear as shown 
in Fig. 4 . 
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Fig. 5 Input and output, distortion characteristics of cassette tapes 



T h u s , in o rde r t o increase response a li t t le in the 
lows and a lo t in t he highs, t he level m e t e r over-
r e sponds slightly in t h e lows c o m p a r e d wi th t h e 
midd le range and by a cons iderably larger def lec t ion 
in the highs. In the case of record ing wi th Do lby On , 
th is dynamic-level m e t e r works even m o r e effectively. 
Reco rd ing character is t ics w i th Do lby O n boos t the 
h igh-f requency range. There fo re , w h e n y o u set the 
record ing level higher , the margin of high-frequency 
range signals t o sa tu ra t ion level becomes small . In 
o r d e r t o p reven t this s i tua t ion , t he m e t e r response 
in high frequencies is increased by app rox . 2dB as 
c o m p a r e d t o when Dolby is Off. I t t hen becomes 
easy t o set t h e record ing level w i t h o u t d i s to r t ion 
even if the high-f requency level is a li t t le bit over. 
T h e inpu t signals of t he dynamic-level m e t e r are t he 
ind ica t ion of larger signals on the right or left chan
nels . 

F u r t h e r m o r e , t h e th i rd m e t e r works dur ing p l ayback 
as a peak level m e t e r whose f requency character is t ics 
are flat. T h e peak-level m e t e r de tec t s peaks of larger 
signals of b o t h channels , shows the peak ind ica t ion 
in dBs and can ins tan t ly r e spond to t he pulsive 
sound . This is very effective for set t ing t h e o u t p u t 
o r for m o n i t o r i n g dur ing dubb ing from a n o t h e r t ape 
deck . 

H o w t o set the recording level. 
T u r n the m e t e r swi tch t o " D Y N A M I C L E V E L . " 
Se t t he input-level con t ro l at a level so tha t t he de
f lect ion of t he dynamic-level m e t e r does n o t exceed 
+ 6 d B , even t h o u g h the V U def lect ion is wi th in + 3 d B 
against the peak signal of the p rog ram source . 
I n some p rogram sources (especially in the case of 
d i rec t record ing using m i c r o p h o n e s ) , levels of signals 
vary by a great e x t e n t , so be sure t o cons t an t ly m o n i 
t o r t h e dynamic-level m e t e r w h e n recording. 

2. Recording bias adjustment system. 

• 

C T - F 7 0 0 ' s o t h e r big feature is i ts record ing bias 
adjusting sys tem. The value of the bias a d d e d to the 
head w h e n record ing is chosen to max imize o u t p u t 
and min imize d i s to r t ion dur ing p l ayback , whi le 
taking in to cons idera t ion " d r o p o u t " dur ing the proc
ess. 
Usually the p o i n t where the o u t p u t is 0 .5dB u n d e r 
the m o s t sensitive po in t after increasing the bias 
f rom the m o s t sensitive bias po in t is cons idered the 
best recording bias (see Fig. 6 ) . 
Fig. 6 shows t h e re la t ion of bias, o u t p u t and distor
t ion of 3 3 3 H z signal, bu t wha t a b o u t the high 
f requency? 
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Fig. 7 Relationship between the volume of bias and output 

Relative output 
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.Distortion 

The best recording bias Bias 

Fig. 6 Relation of the volume of bias, output and distortion 

As y o u can see in Fig. 7, w h e n the f requency of re
cording signal becomes higher, the relative o u t p u t 
decreases t o the signal of reference f requency 
( 3 3 3 H z ) . 
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T h e decreased vo lume of th is relative o u t p u t de
p e n d s on the vo lume of bias. 
H o w this fits in to t h e re la t ionship b e t w e e n the fre
q u e n c y of t he record ing signal and the relative play
back o u t p u t is s h o w n in Fig. 8. 

Fig. 8 The change of bias volume and the frequency characteristics 
(Output shows overall characteristics) 

T h u s w h e n bias is increased, the higher the frequen
cy and the lower t h e level. On t h e o t h e r hand , when 
the bias is decreased, the level increases. 
Moreover , t he f requency character is t ics of this bias 
vo lume d e p e n d on the k inds of tapes being used. 

On C T - F 7 0 0 , the best bias vo lume can be set t o ac
c o m o d a t e any tape y o u use by con t inuous ly chang
ing bias vo lume and reading the scale of the th i rd 
m e t e r s imul taneous ly . 
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Fig. 9 Bias Adjustment Circuit 



T h e bias ad jus tmen t is c o n d u c t e d at VR2oi by 
changing t h e bias and col lec tor vol tage in t h e bias 
oscil lat ion circui t . 
T h e fol lowing table shows t h e vol tage b e t w e e n Po in t 
B and the ea r th (grounding) at t h ree p o i n t s - mini 
m u m , center , m a x i m u m p o i n t s — at F J ? 2 0 2 -

Min. Center Max. 
STD., FeCr 30V 42V 56V 

C r 0 2 40V 49V 56V 

Table 1. Oscillation Voltage 

Since the bias cu r ren t is a lmos t d i rec t ly p r o p o r t i o n 
al t o the vol tage on p o i n t B, it can be changed 
wi th in - 2 9 % t o + 3 3 % w h e n using STD or F e C r 
t ape , and wi th in - 1 8 % t o + 1 4 % wi th C r 0 2 t ape . 
T h e th i rd m e t e r reads t h e voltage on po in t A. A 
bridge circui t is i n c o r p o r a t e d in o rde r t o clearly 
show the ind ica t ion of t he me te r . 
F igures of t h e th i rd m e t e r scale (STD, F e C r and 
C r 0 2 ) are ind ica t ions for bias ad jus tmen t and have 
n o un i t s . 
T h e r e are lo t s of k inds of t apes on the m a r k e t . T h e 
bias con t ro l pos i t ions of leading b rand t apes are 
s h o w n in t ab le 2. 
When a t ape is being used for the first t ime , set t h e 
bias con t ro l according t o th is tab le . 
When y o u get a c c u s t o m e d t o using this t ape deck 
and are aware of t ape character is t ics , it is qu i t e 
possible t o actively ut i l ize th is sys tem. 
Consequen t ly , according t o p rog ram sources or y o u r 
favori te source of sound , o p t i m u m record ing qua l i ty 
is possible by adjust ing t h e character is t ics of the 
high end. 

Brand of tape Bias control 
position (%) 

EQ switch 
position 

BASF 

LH C-60 
LH C-90 
LN C-60 
LN C-90 
LH SUPER C-60 
LH SUPER C-90 

- 1 5 ( - 1 0 - - 2 0 ) 
- 1 0 ( _ 5 ~ - 1 5 ) 
- 2 0 ( - 1 0 - - 2 0 ) 
- 1 0 ( - 5 - - 1 5 ) 
- 1 5 ( - 1 0 - - 2 0 ) 
- 1 0 ( - 5 - - 1 5 ) 

STD 

AGFA 

SUPER COLOR C-60 
SUPER COLOR C-90 
SUPER DYNAMIC 

C-60 +6 
SUPER DYNAMIC 

C-90- +6 

- 1 0 C - 5 - - 1 5 ) 
- 1 0 ( - 5 - - 1 5 ) 

- 1 0 ( - 5 - - 1 5 ) 

- 5 ( 0 - - 1 0 ) 

STD 

SCOTCH 
LH C-60, C-90 
CRYSTAL C-60, C-90 
MASTER C-60, C-90 

- 2 0 ( - 1 0 - - 2 0 ) 
0 ( -5~+5) 

+ 5 (0 -+10) 
STD 

TDK 

D C-60, C-90 
SD C-60, C-90 
ED C-60; C-90 
AD C-60, C-90 

- 1 5 ( - 1 0 - - 2 0 ) 
- 1 0 ( - 5 - - 1 5 ) 
- 1 0 ( - 5 - - 1 5 ) 
+ 10 (+5-+15) 

STD 

M A X E L L 

LN C-60 
LN C-90 
UD C-60, C-90 
UD XL I C-60, C-90 

- 1 0 ( - 5 - - 1 5 ) 
- 5 ( 0 ~ - 1 0 ) 
+ 10 (+5-+15) 

0 ( - 5~+5 ) 

STD 

FUJI 

FL C-60, C-90 
FX C-60 
FX C-90 
FX J r C-60, C-90 
FX DUO C-60, C-90 

- 1 5 ( - 1 0 - - 2 0 ) 
0 ( - 5 - + 5 1 

+ 10 (+5-+15) 
+ 5 (0 -+10) 

0 ( + 5 - - 1 0 ) 

STD 

SONY 
LN C-60 
LN C-90 
HF C-60, C-90 

- 1 5 ( - 1 0 - - 1 0 ) 
- 1 0 ( - 5 - - 1 5 ) 

0 ( -5~+5) 

STD 

SONY 
DUAD C-60 
DUAD C-90 

0 ( - 1 0 - + 1 0 ) 
- 1 0 ( 0 - - 1 5 ) 

FeCr 
BASF 

FERROCHROM C-60 
FERROCHROM C-90 

0 ( - 1 0 - + 1 0 ) 
- 1 0 ( - 5 - - 1 5 ) FeCr 

SCOTCH CLASSIC C-60, C-90 - 1 5 ( - 5 - - 1 5 ) 
FeCr 

AGFA 
CARAT C-60 
CARAT C-90 

0 ( - 1 0 - + 1 0 ) 

FeCr 

BASF 
CHROME C-60 
CHROME C-90 

- 5 ( 0 - - 1 5 ) 
- 1 0 ( - 5 - - 1 5 ) 

C r 0 2 

(Chrome) 
Auto
matically 
selected 

SCOTCH 
MASTER 70ms 

EQ C-60 0 ( -5~+5) 

C r 0 2 

(Chrome) 
Auto
matically 
selected 

TDK 
SA C-60, C-90 
KR C-60, C-90 

0 ( -5~+5) 
C r 0 2 

(Chrome) 
Auto
matically 
selected 

M A X E L L 
C-60 CR, C-90 CR 
UD X L I I C-60, C-90 

- 1 0 ( - 5 - - 1 5 ) 
- 1 5 ( - 5 - - 1 5 ) 

C r 0 2 

(Chrome) 
Auto
matically 
selected 

FUJI 
FC C-60 
FC C-90 

- 1 5 ( - 5 - - 1 5 ) 
- 1 0 ( - 5 - - 1 5 ) 

C r 0 2 

(Chrome) 
Auto
matically 
selected 

SONY CR C-60, CR C-90 + 10 ( + 5 - + 1 3 ) 

C r 0 2 

(Chrome) 
Auto
matically 
selected 

AGFA 
STEREO CHROM C-60 
STEREO CHROM C-90 

0 ( - 1 0 - + 1 0 ) 

C r 0 2 

(Chrome) 
Auto
matically 
selected 

Table 2. Bias control setting 

® 



Electricity: Basic Theories 
Electric Power and Alternating Current 

In previous issues (No . 1 and N o . 2 ) , we covered the 
basics of e lec t r ic i ty—Ohm's law and i ts appl ica t ions . 
In this issue we will begin t o s tudy t h e t heo ry of al
t e rna t ing cu r r en t , wh ich is t h e basis of aud io equ ip
m e n t sys tems . Le t ' s begin w i t h a discussion of elec
t r ic p o w e r . 

1 . Electric Power 
As y o u k n o w f rom y o u r o w n exper iences , when y o u 
send an e lec t r ic cu r r en t t h r o u g h a c o n d u c t o r or 
resistor , h e a t is p r o d u c e d . 
As Fig. 1 shows , w h e n y o u c o n n e c t a ba t t e ry and a 
resistor , and crea te an e lectr ic cu r ren t , t h e hea t p ro 
duced in t h e resis tor over a cer ta in pe r iod of t ime is 
p r o p o r t i o n a l t o t h e square of e lectr ic cur ren t and 
di rect ly p r o p o r t i o n a l t o t h e res is tance. 
This re la t ionsh ip , called J o u l e ' s law, was discovered 
in 1841 b y J a m e s P. J o u l e . 

Fig. 1 Production of Joule heat 

T h e re la t ionship is shown by t h e fol lowing e q u a t i o n : 

J = I2R (Uni t : / = Jou le , / = A, R = O ) . . . (1) 

A Jou le is an abso lu te un i t of energy and equivalent 
t o 0 .239 cal. (A cal is a calorie. O n e cal is the a m o u n t 

Heat 



of energy required to increase the temperature of l g 
of pure water from 14.5°C to 15.5°C under 1 baro
metric pressure.) 
As expressed in the above equation, if current and 
resistance are constant, the electric Joule heat is 
constant. 
The ability to produce this Joule heat in the unit 
period (one second) is called electric power and its 
unit is expressed by "W" (watt) . Electric power is 
usually represented by "P." 
Accordingly, they can be shown in the following 
equation: 1W = 1 J/s = 0 .239cal /s . 
The relationship of watt, electric current and resist
ance is shown in the following way: 

P=I2R 1 
= EI \ L . . . ( 2 ) 
= E2/R) ( P l e a s e r e f e r t o 0 h m ' s l a w ) J 

2 . Sine Wave Alternating Current 
In direct current (without relating to time passing) 
the voltage and electric current is unchangeable. On 
the contrary, along with t ime passed, regularly 
changing electric current is called alternating current. 
There are various kinds of alternating currents; how
ever, let's study sine-wave alternating current which 
is widely used and is the basis for the theory of 
audio equipment. 
1) What is Sine-Wave Al ternat ing Current? 
Audio ^signals are alternating signals and the figure 
which shows h o w many times they alternate in one 
second is called frequency. The unit is Hertz (Hz) 
and is generally expressed by " / ." The t ime re
quired for one cycle is called a "period"; its unit 
is "second" and is generally expressed by " T . " 
Accordingly, the following formula can be obtained: 

/ = - y . . . . . . . . . . . . . . . . . ( 3 ) 

As shown in Fig. 2, assume there is "is" (volume ex
pressed by a length and a direction). The vector is 
revolving at a certain speed, "co" (so-called angu
lar velocity) . Please see notes on page 30 . 
The end of this vector describes a circle whose 
radius is E, centered on the other end of the vector. 
When the former end of the vector is translated into 
a graph at t ime intervals starting from point 0, the 
wave shown at the right is obtained. This is the sine 
wave, which is the most basic wave o f alternating 
current. 
N o w let's think about h o w the height of the wave 
and the amplitude changes with the lapse o f time. 
When the period of t ime has passed, the vector has 
revolved through the angle which is equivalent to 
co x ti. So e 1 ? the amplitude o f the wave at that 
moment , t i (called an instantaneous value), is as 
fol lows: 

e = E sin cot (4) 

The unit of angular frequency (co) is radian/second 
(rad/s) (See N o t e 2) . 1 rad is 180° , so 90° is 

y rad and 360° is 2ir rad. Accordingly: 

oo = 2wf (5) 

When this relationship is put into the formula it 
appears as fol lows: 

e = £sin27r/t. (6) 

Since the equation (6) is the mos t basic formula of 
characteristics and phenomena o f electric circuits 
which we are going to study, please be sure to re
member it. 

Fig. 2 Sine wave 

e = Esincot 

Time t 

Period T 
t = 0 t = T 



2) T h e Express ion o f A C V o l t a g e 
Since the volume is unchangeable in the case o f 
direct current, it is very easy to determine the volt
age. However, if the volume and direction are always 
changing, as in the case o f alternating current, a 
defined m o m e n t of voltage is indicated. 
Usually in the case of sine wave alternating current, 
maximum value effective value and mean value 
are used depending on the case. The three values 
are also applied to electric current. 
Maximum value is the maximum part o f the sine 
wave in a half period and "is" in an equation. The 
unit is volt . 
Let's think about the consuming electric power 
when AC current is fed into a resistor as shown in 
Fig. 3. 

Heat 

However, in the case of alternating current, since 
voltage and current are changing according to t ime 
passing, electric power is also changing with time. 
Fig. 4 illustrates this. 

Voltage 

Current 0 

e=Esincot 

Power 

Instantaneous 
power 

Average 
power 

Fig. 4 Alternating current power 

Fig. 3 Consuming electric power 

Here, let us assume that voltage is 1V and current is 
I A . Electric power is voltage x current. In direct 
current the power can be easily determined as 
fol lows: 

1 F x IA = 1W. 

i = /sincot 

Heat Actual consuming electric power of the resistor is 

simply - ~ o f the product of E x I! 

Actually, to calculate electric power, it is inconven
ient and illogical if results are different between 
direct and alternating currents. 
Accordingly, the effective value, equivalent to the 
value o f energy in direct current, is used for the 
voltage and current o f alternating current. 
Mathematically, the effective value is the value ob
tained after determining the square root of the 
average momentary value in one period. Therefore 
it is also called "root mean square" and the unit is 
expressed in abbreviation as Vrms and Arms. Con
sequently, effective value of sine wave is: 

J~^2 = ~ / ^ * = 0-707 of max imum value. 



3) Phase 
T h e word " p h a s e " is f requent ly used in t he field of 
aud io . Phase originally m e a n t a difference or a rela
t ionsh ip b e t w e e n a m o m e n t a r y po in t and a s t andard 
p o i n t of a per iodical wave and is expressed by an 
angle, assuming t ha t one cycle is 360° ( this is called 
an electrical angle). 
A phase re la t ionship or difference of t w o or m o r e 
vol tages a n d / o r electr ic cu r ren t s is expressed as: 
phase is advanced or de layed . This is i l lustrated in 
Fig. 6. 
Be sure t o n o t e t h a t he re t h e lateral axis represen ts 
a different angle from tha t of Fig. 2. 
V e c t o r EA and EB are revolving by angle veloci ty co; 
however E# s tar ts after EA, delaying b y 0. 

The changes of EA and EB are s h o w n in sine waves 
A and B on the right of Fig. 6. 
These t w o sine waves are expressed as fo l lows: 

eA = EA sin cot = £s incot 

Cb = Eft sincot = Esin(coi — 0) 

"0" represen t s the phase angle b y wh ich c B is 
de layed to e A . 
On t h e o t h e r h an d , tak ing e B as a reference, e A is 
advanced over e B by 0. Th i s can also be expressed 
as: 

e A = is sin (cot + 0) 
e B = f s inco t 

Fig. 6 Phase difference between two sine waves E1 

Usually, described value of a l te rnat ing electr ic voltage 
and cur ren t is the effective value of the sine wave 
and the un i t s are s imply expressed by U F " or "A .,5 

Fig. 5 Uh-huh! 

Electrical angle 360° 

A: £"A sincot 
B: EB sincot 



4 ) Average Va lue and Peak V a l u e 
In add i t i on t o m a x i m u m value and RMS value, 
average value and p e a k value are in some cases uti l i
zed for sine-wave a l te rna t ing cu r ren t . Under s t and ing 
these t w o values is a necessi ty w h e n mak ing measure
m e n t s and using measur ing i n s t r u m e n t s . 
• Peak Value 
T h e difference b e t w e e n t h e m a x i m u m and m i n i m u m 
value in a cycle , o r the add i t i on of t he height of o n e 
peak and d e p t h of a n o t h e r is called ' T e a k to P e a k , " 
Kp. p for t h e vol tage and A p „ p for t he cur ren t . Peak 
value is 2 \J~2~ t imes t he RMS value. 
T h u s , l V r m s is equal t o 2 .828Vp-p (see Fig. 7) . 

Fig. 7 RMS value and peak value 

I t is cons iderab ly i m p o r t a n t t o k n o w these values 
w h e n y o u measure vol tage by using an osci l loscope. 

• Average Value 
This is t h e average ra te of vol tage o r cu r ren t of 
var ious wave forms wi th in a ce r ta in pe r iod of t ime 
o r t e rm. T h e average of one cyc le is 0 in t he case of 
a sine wave so the average value is de t e rmined as t h e 
average of the voltage or c u r r e n t of a half cycle. 

Fig. 8 The determination of the average value 

T h e t o p obl ique- l ined area is used to fulfill the o t h e r 
obl ique- l ined areas (see Fig. 8 ) . 

There fore , t he average value of a sine wave is 
2E 

—— = 0 .637 (E = m a x i m u m value) 
7T 

I t is essential t o k n o w the average value in o rde r t o 
u n d e r s t a n d the m e a s u r e m e n t pr inc ip le of the volt
m e t e r (mu l t ime te r s and A C m V mete r s ) wi th t h e 
moving-coil t y p e a m m e t e r . Please refer t o the AC 
mV m e t e r (pp . 3 1 - 3 6 ) of this m a n u a l . 

Mean Value 

Vrms 

Vp-p 

file:///J~2~


N o t e 1) 
Making the right-angled triangle's leg (a) , the base 
(b) , and the hypotenuse (c) , as shown in the illustra
t ion, they are defined as fol lows: 

- = s i n 0 (1) 
c 

- = cos 6 . . . . . . . . . . . . . . . . . . . . (2) 
c 

«•= t a n d . . . . . . . . (3) 

a = c sin 6 (from equation 1) (4) 
Y o u can get the value of (a) from equation 4 if 
(c) and 6 are given. Making the angle Q\ after 
vector starting from Bt\ seconds ago in Fig. 2, the 
equation becomes: 

01 = oot\ 

If this is adapted into equation 4 , it becomes: 

ei = £s inoj t i 

N o t e 2) 
If the length of arc £ equals r in circle radius r, y o u 
can call this center angle 1 radian toward this arc, 
and the unit is represented as rad. 
The relationship between radian and degree is as 
fo l lows: 
the circumference is 27rr, so: 

3 6 0 ° = — r 

= 2w (rad) 

and7rrad becomes 180°. Furthermore: 

i 8 0 ! = 5 7 3 o 

7T 

This is about 5 7 ° 1 7 ' 4 9 " 

The angular velocity means the speed per second in 
the circular movement , and the unit is represented 
as rad/sec. The angular velocity is denoted by the 
Greek letter "GJ>." 
Y o u then get the fol lowing expression: 

co = 2ir/ . (5 ) 

The length of c is equal to the radius. 

Center 



Measuring Instruments (3) 
The PC Millivolt Meter (mV Meter) 

The AC Millivolt Meter ( m V Meter) 

T h i s t ime a r o u n d w e w o u l d like t o discuss the AC 
millivolt m e t e r , o r m V m e t e r for shor t . 
Mul t ime te r s , as we have a l ready m e n t i o n e d , are used 
extensively b y service engineers t o check circuits . 
However , m u l t i m e t e r s have t he fol lowing disadvan
tages: 
1. Incapable of measur ing low voltages. 

When used wi th a high-sensi t ivi ty DC vo l tmete r , 
t h e m u l t i m e t e r can measu re compara t ive ly low 
DC vol tages. Bu t , w h e n used as an AC vo l tmete r , 
t h e m u l t i m e t e r is incapab le of measur ing low AC 
voltages. 

2 . Low in te rna l resis tance ( i m p e d a n c e ) . 
When used t o m e a s u r e h igh- impedance circuits , 
t he m u l t i m e t e r loses i ts accuracy . 

3 . Compara t ive ly p o o r f requency character is t ics . 
Measur ing f requencies be low 3 0 H z resul ts in 
heavy swinging of t he p o i n t e r a t t he measu red 
f requency , mak ing accura te reading difficult. 
Measuring accuracy is also los t a t high f requencies , 
due to the f requency character is t ics of the in ternal 
c i rcui t ry and d iodes in the m e t e r itself. Depend
ing on the grade of the m u l t i m e t e r , the acceptable 
upper - f requency limit is a b o u t 2 0 k H z . 

In o rde r t o ove rcome these disadvantages , AC m V 
m e t e r s are used t o measure vol tage in aud io circui ts 
w h i c h have m i n u t e vol tage, h igh i m p e d a n c e and 
wide f requency character is t ics . In add i t ion , t h e 
signal levels in aud io circui ts are of ten given in de
cibels (dB) wh ich requ i re a h igh measur ing accuracy. 



1 . Composit ion and Operating Principle of an AC 
m V Meter 

Whereas an o rd ina ry m u l t i m e t e r rectifies t h e AC 
i n p u t voltage direct ly by m e a n s of a full-wave rect i

fier circuit w h i c h drives a DC a m m e t e r , t he m V 
m e t e r amplifies t h e i n p u t signal (AC vol tage to be 
measu red ) and rectifies the ampl i f ied vol tage which 
drives a DC a m m e t e r (see Fig. 1). 

(1) Multimeter (AC V) 

Input 

(2) AC mV meter 

Fig. 1 Basic multimeter and mV meter circuit composition 

A c t u a l AC m V m e t e r s are , in fact , e q u i p p e d wi th a 
buffer amplif ier wh ich prov ides very h igh i n p u t 
i m p e d a n c e , a p r o t e c t i o n circui t against over loading 
o r b r e a k d o w n w h e n excessive i npu t s are appl ied , a 

lOdB step a t t e n u a t o r for easy handl ing , and a nega
tive feedback circuit t o ensure even scale distr ibu
t i o n (see Fig. 2 ) . 

Range switching 

Input 

AC Amp 

Range switching 

0dB/60dB ATT. 
Buffer Ampli f ier 

Input 

10dB Step 
Range Switching 

Amplif ier Meter Drive Ampli f ier 

Ampli f ier 

Output 

Fig. 2 Circuit composition of AC mV meter 



Since rectif ied A C cur ren t flows t h r o u g h the me te r , 
t he m e a n (average value of t h e rect if ied r ipple 
cu r ren t ) is ind ica ted . T h e m e a n cur ren t of a half-
cycle sine wave signal is equivalent t o 0 .637 t imes 
the peak value of t h e sine wave signal (see Fig. 3) . 

Fig. 3 Mean value of sine wave 

Unless o therwise specified, t h e vol tage value of an 
A C cur ren t is t h a t of the sine wave. There fore m V 
m e t e r s also mus t indica te in R M S . 
Mete r scales are g r adua t ed t o indica te r o o t means 
square (RMS) values calcula ted from the m e a n value 
of the signal. A t the t ime of ca l ibra t ion , a I V rms 
sine wave signal is suppl ied t o t h e m e t e r inpu t and 
the pos i t ion the p o i n t e r ind ica tes is m a r k e d l V ( r m s ) . 

Me te r accuracy will be lost a n d e r ro r voltages indi
cated if t h e measured signal is a n y t h i n g o t h e r t h a n 
a sine wave, i.e. square , t r iangle or s a w t o o t h wave. 
Moreover , m e a s u r e m e n t e r rors will also result if t he 
sine wave signal possesses h a r m o n i c d i s to r t ion . H o w 
ever, in t h e ac tual m e a s u r e m e n t of aud io circui ts , 
t he i n p u t signal (audio signal) is no rma l ly of low 
d i s to r t ion , t h u s m e t e r e r ror due t o h a r m o n i c s is 
negligible. 
E x a m p l e s of signal waveform d i s t o r t i o n and resu l tan t 
ind ica t ion er rors are s h o w n in T a b l e 1. 

Measured signal RMS value(%) Meter 
indication (%) 

Basic wave at 100% 
amplitude 100 100 

100% basic wave plus 10% 
2nd harmonics 100.5 100 

100% basic wave plus 20% 
2nd harmonics 102 1 0 0 - 102 

100% basic wave plus 30% 
2nd harmonics 112 1 0 0 - 110 

100% basic wave plus 10% 
3rd harmonics 100.5 9 6 - 104 

100% basic wave plus 20% 
3rd harmonics 102 9 4 - 108 

100% basic wave plus 30% 
3rd harmonics 112 9 0 - 1 1 6 

Table 1 Waveform distortion and indication error 

Signal level ind ica t ion and m e t e r e r ro r for waveforms 
o t h e r t h a n sine waves are s h o w n in Fig. 4 . 

Waveforms Mean value of 1 Vp-p RMS value of 1Vp-p Meter indication Error (%) 

0.25 0.29 0.96 3.8 

0.25 0.29 0.96 3.8 

0.5 0.5 1.11 11.0 

0.32 0.35 1.00 

Fig. 4 Meter indication and error for various signals 

mean value of 
wave is equated as: 

- f = 0.637 
0.637 



2. Meter Types and Performances 
A l t h o u g h the re are var ious ways of classifying AC 
mV m e t e r t ypes , we have l imi ted t h e m t o t h e follow
ing th ree for easier unde r s t and ing : 

1) Ord ina ry 1-channel t y p e 
2) 2-channel t ype 
3) A u t o m a t i c range-switching t y p e 

Photo 1 Various mV meters 

T h e 1 -channel m V m e t e r is t h e m o s t popu la r . It 
gives a full-scale vol tage reading f rom I m V t o 1.5mV 
at t he lowest range wi th an accu racy of ± 3 % and an 
opera t ing f requency range f r o m 5Hz t o 1MHz. 
Cer ta in high sensitivity m V m e t e r s give a full-scale 
reading as high as 5QuV at t he l owes t range. 

(2) Automatic Range-Switching Type (4) 2-Channel Type 2 

(1) 1 -Channel Type (3) 2-Channel Type 1 



A l t h o u g h some m V m e t e r s can be used u p to 1,000 
MHz, t h e y are n o t i n t e n d e d for measur ing aud io 
circui ts and have, there fore , been o m i t t e d here . With 
t h e 2-channel t y p e , t w o 1-channel me te r s are com
b ined in to a single u n i t sharing a c o m m o n scale. F o r 
prac t ica l i ty , a 2-channel m e t e r is m o r e convenient 
t h a n two 1-channel un i t s . I t d e m o n s t r a t e s its versa
t i l i ty w h e n measur ing and compar ing the left and 
r ight signal levels of s te reo amplifiers, or when b o t h 
t h e inpu t and o u t p u t levels need t o be measured at 
t h e same t ime . This m a k e s t he 2-channel me te r an 
indispensable i t em on any service bench . 
T h e a u t o m a t i c range-switching t y p e m V mete r , in 
add i t ion to being so convenien t , also offers the same 
pe r fo rmance as o t h e r t ypes . Since t he m e t e r range is 
swi tched au tomat ica l ly , this t y p e of m e t e r is par
t icular ly useful when different vol tage levels need t o 
be measu red repea ted ly . 
However , w h e n the vol tage to be measu red is k n o w n , 
t h e a u t o m a t i c range-switching m e t e r b e c o m e s r a the r 
t r o u b l e s o m e since it au tomat ica l ly switches ranges 
as the i npu t signals are i n t e r rup ted . In which case, 
t h e opera t ing m o d e should be swi tched t o manua l . 
Specif icat ions c o m m o n t o all these t ypes of m V 
me te r s are l isted be low. 

Measur ing range 
Voltage I m V to 3 0 0 V 12 ranges 

l m V , 3 m V , lOmV, 3 0 m V , lOOmV, 
3 0 0 m V , I V , 3V, 10V, 3 0 V , 100V, 
3 0 0 V 

dB range - 6 0 d B t o + 5 0 d B , in l O d B s teps 
Measur ing accuracy 

± 3 % of full scale at 1kHz 
F r e q u e n c y charac ter is t i cs 

5Hz t o 1 MHz, ± 1 0 % at 1kHz 
I n p u t impedance 

10M£2 (each range) 
I n p u t capac i t y 

5 0 p F or less ( I m V t o 3 0 0 m V range) 
3 5 p F or less ( I V to 3 0 0 V ) 

A m p l i f i e r o u t p u t vo l tage 
I V rms at full scale 

O u t p u t impedance 
6 0 0 O ± 2 0 % 

As these specif icat ions clearly ind ica te , m V m e t e r s 
offer higher pe r f o r mance and opera t ing ease t h a n 
m u l t i m e t e r s for measur ing AC voltages. 

3. O p e r a t i o n and Precau t ions 

3-1 B e f o r e m e a s u r e m e n t 
1) Pr ior t o tu rn ing the p o w e r swi tch ON, be sure 

t o check t h a t t he p o i n t e r registers zero . If it 
d o e s n ' t , zero-adjust first. 

2) Set t he range-switching k n o b to the highest 
voltage range. 

3) Wait a p p r o x i m a t e l y 10 s e c o n d s after switching 
t h e p o w e r ON before us ing. 

3-2 AC vol tage m e a s u r e m e n t 
If t he AC voltage t o be m e a s u r e d is very low, or the 
circuit t o be checked has a compara t ive ly high im
p e d a n c e , an ex te rna l i n d u c t i o n vol tage is likely t o 
occur , in wh ich case, a shielded cable or coaxial 
cable comply ing w i t h the f r equency of the signals to 
be measured should be used. 
Ord ina ry parallel cable is a d e q u a t e for measur ing 
low- impedance circuits even if the signal f requency 
is high and the voltage is very low. 
Measu remen t should be s t a r t ed from the highest 
vol tage range so as n o t t o over load the mete r . If t he 
p o i n t e r remains be low the 3 0 % level, t he voltage 
range can be a t t e n u a t e d s tep by s tep. This ope ra t ion 
is unnecessary wi th the a u t o m a t i c range-switching 
t y p e me te r . 
3-3 dB measu remen t 
Millivolt me te r s have b o t h dB and Vrms scales. 
T h e r e is also a choice of dBm on ly or b o t h dBm and 
dBV. Whereas dB r ep re sen t a t i on gives a relative 
value, the d B m and dBV scales represent absolu te 
levels. T h e d B m value rep resen t s the voltage at 
which 1 mW of p o w e r is c o n s u m e d in a 600 -ohm 
circui t . There fore , OdBm equa ls 0 . 7 7 5 V . Even if the 
scale is s imply m a r k e d d B , it actual ly reads dBm. 
Meanwhi le , OdBV is equivalent to 1 V r m s regardless 
of circuit impedance . F o r aud io e q u i p m e n t , absolu te 
values are normal ly deal t w i t h regardless of the 
i n p u t / o u t p u t impedance of the circuit unde r meas
u r e m e n t . F o r this reason, t h e dBV value is m o r e 
pract ica l t h a n the dBm, and it is f requent ly used for 
the ad jus tmen t of t ape decks . There fo re , a n y o n e 
c o n t e m p l a t i n g buying an m V m e t e r is r e c o m m e n d e d 
t o select one wi th a dBV scale. 

Photo 2 dBm scale 

Photo 3 dBV scale 



3-4 H o w t o use the o u t p u t terminals 
All m V m e t e r s are no rma l ly equ ipped w i th o u t p u t 
te rminals . Which m e a n s t h a t a signal p r o p o r t i o n a l t o 
t he i npu t signal can be o b t a i n e d f rom these te rmina ls 
via an in te rna l amplif ier . F o r example , w i th 
L E A D E R 'S LMV-181 and LMV-185 m o d e l s , a IVrms 
o u t p u t can be o b t a i n e d at full scale regardless of t h e 
vol tage range set t ing. O t h e r m a n u f a c t u r e r s set t h e 
full-scale o u t p u t vol tage at 0 . 7 7 5 V , which represen t s 
OdBm. Moreover , since t h e m V m e t e r can be used as 
a flat amplif ier , it also func t ions as a preamplif ier . 
A n d in cases where waveforms of very small signals 
need t o be d e t e r m i n e d using an osci l loscope, o r 
w h e n car tr idge o u t p u t levels are insufficient for a 
w o w and f lu t te r m e t e r i n p u t reading, t he m V m e t e r 
m a k e s these m e a s u r e m e n t s possible . 
3 -5 Precautions when measuring 
Avoid supplying any i n p u t vol tage which exceeds 
t he m a x i m u m for which the m e t e r is designed. F o r 
example , if t h e m V m e t e r has a m a x i m u m inpu t 
vol tage ra t ing of 3 0 0 V , t h e n the a l lowable i npu t 
vol tage l imit is 3 0 0 V for sine wave signals and 
840Vp-p for all o the r s . Even t h o u g h m V me te r s are 
p rov ided w i t h a p r o t e c t i o n circuit , excessively high 
inpu t voltages m a y resul t in b r e a k d o w n of the inter
nal circuit e l emen t s for ampl i f ica t ion or m e t e r indi
ca t ion . 

3-6 H o w to use the A C m V meter in dai ly service-
bench operations 

F o r daily servicing, t h e m V m e t e r should n o t be 

used in place of a m u l t i m e t e r . I n s t ead , it should be 
used whenever t h e signal level t o be measu red is 
b e y o n d or close t o t he l imit of a m u l t i m e t e r ' s capa
bil i ty. In o t h e r words , t he t w o m e t e r s should be 
used as follows: 
Mul t ime te r F o r general servicing such as DC 

voltage checks , A C p o w e r voltage 
checks , exc luding signals, and qual i ty 
checks of pa r t s . 

AC m V m e t e r A d j u s t m e n t 
T u n e r s and receivers: S te reo sepa
ra t ion and signal m e t e r ad jus tmen t , 
and recording level or o u t p u t level 
checks . 
T a p e decks: H e a d he ight and azi
m u t h ad ju s tmen t , p l ayback equali
zer, record ing b ias , record ing level, 
Do lby level, level m e t e r and peak 
ind ica to r ad jus tmen t . 

O t h e r m e a s u r e m e n t s 
In o rde r t o fully ut i l ize the versati le func t ions of t he 
AC m V me te r , m o r e t h a n one is r equ i red pe r service 
b e n c h . A n ideal se tup for a service b e n c h is shown 
in Fig. 5 . Also , refer to Tuning Fork N o . 1, p . 2 8 , 
S T A N D A R D S E R V I C E BENCH for the set t ing-up 
p r o c e d u r e . 

Oscilloscope 
(2-ch type) 

Audio Oscillator 

mV Meter 
(1-ch type) 

mV Meter 
(2-ch type) 

L IN 

R IN 

Receiver/Amp or Tape Deck 

L O U T 

R OUT 

Load Box 

L 

Fig. 5 Connections of mV meter and common measuring instruments 



One-Point ServdngTechniques (3) 
"AMP I" Countermeasures 

A l t h o u g h we a n n o u n c e d in t h e previous issue of 
Tun ing F o r k t h a t we wou ld be discussing I F & M P X 
ad jus tmen t , we will, in fact , ta lk a b o u t " A m p I " 
c o u n t e r m e a s u r e s ins tead . T h e reason for this change 
is th reefo ld . F i rs t ly , recent deve lopmen t s have 
resul ted in h igher-qual i ty circui ts and pa r t s , mak ing 
I F & MPX ad jus tmen t a lmos t a th ing of the past . 
Second ly , t h e pa r t s wh ich requ i re ad jus tment are 
l imi ted t o cer ta in mode l s on ly , and these are clearly 

ind ica ted in t h e respect ive service m a n u a l s . F inal ly , 
w i th t he ever-increasing inf lux of electr ical and elec
t ron ic gadget ry in daily use, t h e n u m b e r of noise-
and radio- in ter ference sources is increasing each 
year . This s i tua t ion is causing c o n c e r n a m o n g service 
engineers . So in answer t o a n u m b e r of r epor t s of 
t r o u b l e in this area, we shall exp la in h o w to cope 
w i th hi-fi in te r fe rence , its causes and remedies . 

This is what amp interference sounds like 



" A m p I " 
Ideal ly , aud io e q u i p m e n t should be i m m u n e t o rad io-
f requency in te r ference a n d u n w a n t e d ex te rna l noise . 
In an effort t o ensure t h a t it is, m a n y coun te rmeas 
ures are being t aken in the design and manufac tu r ing 
of the e q u i p m e n t . However , due t o t he high cost 
involved, i t is impossible t o e l imina te all sources of 
in te r fe rence . Radio-wave po l lu t ion is everywhere . In 
add i t ion to n u m e r o u s publ ic b roadcas t ing s ta t ions , 
t he re are m a n y business and a m a t e u r s ta t ions as well 
as c i t i zens ' b a n d users , all con t r ibu t ing t o it . 
T h e major causes of in ter ference are excessively high-
p o w e r t ransmiss ion , spur ious rad ia t ion , t r ansmi t t e r s 
loca ted t o o close to receivers and p o o r receiver 
p r o t e c t i o n . However , before t he p r o b l e m of inter
ference can be tack led , t he in te res t s of all par t ies 
concerned—users , b roadcas te r s and m a n u f a c t u r e r s -
m u s t be t a k e n in to cons idera t ion . Here we will 
discuss t h e var ious coun t e rmeasu re s cu r ren t ly being 
t a k e n against ex te rna l noise and in te r fe rence . But 
first let us expla in t h e mean ing of " A m p I . 5 5 

" A m p I " s tands for Ampl i f ie r In te r fe rence . It is a 
k ind of R F in te r fe rence , and refers t o R F energy 
t r a n s m i t t e d at a h igh-enough m a g n i t u d e to in ter fere 
wi th t h e o p e r a t i o n of e lec t ronic e q u i p m e n t , in this 
case aud io e q u i p m e n t . 

T h e cause of this in te r fe rence can c o m e from any 
o n e of a var ie ty of sources in wh ich R F energy is 
de tec ted . A n d t h e effects can be no t i ced in vir tual ly 
every piece of aud io e q u i p m e n t . 
A l t h o u g h " A m p I " can be classified in var ious ways , 
such as t ape deck o r t u n e r in te r fe rence , for t h e sake 
of s implici ty we shall refer to every th ing collectively 
as " A m p I " he re . 

1. " A m p I ." I t s Main Causes and E n t r y Po in t s 
1 . 1 Main causes o f " A m p I " 
• Connec t i ng cords used b e t w e e n c o m p o n e n t s in an 

aud io sys tem m a y , due t o the i r s t ray capac i tance 
and i n d u c t a n c e , act as r e s o n a n t circui ts for R F 
signals. When a b roadcas t f r equency is p icked 
u p by t h e r e sonan t c ircui t , t he signal passes 
t h r o u g h the cords and en te rs t h e subsequen t cir
cui t , where it is de t ec t ed a n d amplif ied by t h e 
var ious circuit c o m p o n e n t s such as t rans is tors and 
IC's . 

• Powerfu l R F signals m a y e n t e r d i rec t ly i n t o t h e 
circui t e l ements , bypassing t h e n o r m a l inpu t s . 
P h o n o car t r idges , magne t i c h e a d s and circuits 
wi th non- l inear a m p l i t u d e character is t ics are 
par t icu lar ly suscept ible t o such in te r fe rence . 

© Incor rec t ly ope ra t ed b roadcas t ing e q u i p m e n t , o r 
e q u i p m e n t t ha t is i n c o m p l e t e o r insufficiently 
p r o t e c t e d against spur ious r ad i a t ion , causes R F 
signals to be induced in to A C lines. This results 
in u n w a n t e d ex te rna l noise a n d in ter ference in 
aud io e q u i p m e n t , TV ' s and o t h e r aud io t r ansduce r s 
in t he i m m e d i a t e vicinity of h o m e s using c o m m o n 
lines. 

1 . 2 M a j o r " A m p i " e n t r y p o i n t s 
' > T u r n t a b l e p h o n o cartr idges 

Magnet ic heads of t ape decks 
1 > Connec t i ng cords b e t w e e n aud io e q u i p m e n t 
1 > P r imary p o w e r supply circui ts 
1 » Speaker cords 

T u n e r a n t e n n a s and connec t ing cords 

® 



2 . Steps T o T a k e When " A m p I" Occu rs 

REPORT OF 
"AMP I" 

REPAIR SHOP/AGENCY 

1. CALL A T USER'S HOME 

FIND "AMP I"? 
NO 2. SEARCH STATION 3. REQUEST 

TRANSMISSION 

YES 

4. COUNTERMEASURE 

"AMP I " STILL 
PRESENT? 

NO 

NO 

NO 

YES 

8. A D D I T I O N A L 
COUNTERMEASURES 

"AMP I " STILL PRESENT?] 

YES 

SATISFIED STATION AND 
USER? 

9. COMPLETED 

NO 

6. MEASURES BY 
STATION 

"AMP I " STILL 
PRESENT? 

CONTACT TELECOMMUNICATION 
DEPARTMENT OF OFFICIAL BUREAU 

USER RADIO STATION TRANSMITTER 

YES YES 5. IMPROPER STATION 
OPERATION? 

NO 

7. EXPENSES BILL 
TO STATION 

DISCUSSION BETWEEN 
USER AND STATION WITH 
INTERMEDIARY TECHNICAN 

YES 



Refer to the f low chart on the previous page. Step 9 

Step 1. Call at user's home or business upon receipt 
of an "AMP I" report. If "AMP I" is de
tected in the system, proceed to Step 4 
below. 

Step 2 . Should a check of the system fail to reveal 
any sign o f "AMP I" it may indicate that 
the interfering station is not broadcasting. In 
this case, it will be necessary to visually 
check the vicinity for a possible source. It 
should be noted that interference most 
often comes from stations within a 100-
meter radius of the user's home. 

Step 3 . When a possible source is found, explain 
the situation to the station personnel and 
request transmission for a period of time to 
permit troubleshooting. 

Step 4. During the period of transmission, take any 
necessary countermeasures. 

Step 5. If remedial measures prove ineffective, 
verify that the station is transmitting in 
accordance with prescribed operating pro
cedures. 

Step 6.. If station management and transmission are 
not correct, such as broadcasting at exces
sive power or with spurious radiation, have 
the station operators take all appropriate 
measures necessary to correct the defi
ciency. 

Step 7. If "AMP I" stops due to the station's cor
rective measures, bill the station for pay
ment o f travelling expenses and technical 
fees incurred as a result of the service call. 

Step 8. Should y o u find nothing wrong with the sta
tion's operations, however, take the neces
sary actions according to the procedures in 
Steps 6 and 8 of the troubleshooting table. 

After taking all remedial actions, your 
"AMP I" countermeasures are considered 
complete when the fol lowing have been 
achieved: 
a) "AMP I" is no longer present. 
b ) T h e user accepts the measures taken as 

being sufficient. 
c) The user and the interfering station 

reach a compromise with the service 
technician acting as a go-between; a 
compromise may const i tute such action 
as a change of antenna locat ion, a reduc
tion of broadcasting power , the estab
lishment o f a time schedule for audio 
system and transmitter use, and so on. 



3 . "AMP I" Measurements and F l o w Chart of Steps to be Taken 

Sound 
depends on 

VR position? 

YES Remove SP leads 

Sound 
from head
phones? 

YES 

Sound still present? 

Induced into 
SP LEADS 

A L L POSITIONS 

Remove PU cord 

Measure cure 1 , 2 

Measure cure 5 

Remove all 
connection cords 

Additional amp 
measure 

Measure cure 1 
all input terminals 

Measure cure 3 , 4 
to EQ circuit 

Induced in turntable 
or cartridge 

Remove power cord 
from AC line 

Sound ceased? 
Sound ceased? Measure cure 3 , 

4 to tone-control circuit 

Sound ceased? 

Sound ceased? 

NO 

May be induced 
via AC line 

Measure cure 6 

Sound ceased? 

Check symptoms in turntable, 
deck and tuner under normal conditions 

NO 

NO 

TUNER AUX. TAPE MONITOR, ETC. ONLY PHONO What position 
is influenced? 

Remove PU cord 

YES 

NO 

Sound still present? NO 

YES 

Sound ceased? 

NO 

YES 

FINE 

YES 

FINE 

Sound ceased? 

NO 

Connect only PU cords 
to input terminals 

with 5.1k£2 resistors. 

Sound ceased? 

YES 

NO^ 

YES 

FINE 
NO 

NO 

YES 

Measure cure 7 to 
turntable 

YES 

FINE 

Sound ceased? 

NO 

Measure cure 3 , 4 
to EQ circuit in Amp. 

Sound ceased? YES 

NO 
FINE 

Connect only cords 
to input terminal with 

5.1 k!2 dummy resistors 

Sound ceased? 

Induced in source 
equipment 

YES 

NO 

Measure cure 8 , 9 
to above equipment 

YES 

FINE 
NO 

YES 

FINE 

Sound still present? 

YES 

NO, 

"Amp I " present 

Sound ceased? YES 

FINE NO 

YES 

NO FINE 

Report to Tokyo 



4 . R e m e d i a l A c t i o n s 
In m a n y cases, t h e n u m b e r of "AMP I " en t ry po in t s 
in an amplif ier can be m a n y . There fo re , it is neces
sary t o search o u t t he m o s t effective po in t for carry
ing o u t coun te rmeasu re s . 
If, dur ing y o u r search, y o u t a m p e r w i th a pa r t wh ich 
is n o t re la ted t o "AMP I , " p u t it b a c k as it was lest 
it de t e r io ra t e pe r fo rmance . 

N O T E : 
1. If t h e t y p e of capaci tors a n d resis tors are n o t 

specified, use ceramic capac i to r s and 1/4W carbon-
film resistors ( R D ) . 

2 . A lways keep t o t h e values specified t o p reven t 
de te r io ra t ion in pe r fo rmance . 

E n t r y Po in t s : 1. Induced in the inpu t te rminal (s ) or connec t ing wire(s) 

E n t r y Po in t s : 2 . I n d u c e d i n t o t he g round ing wire of t u r n t a b l e o u t p u t cord 

m 

H o w t o de tec t 

Refer t o F L O W C H A R T . 

H o w t o cure N o t e 

(1) C o n n e c t a capac i to r t o t h e chassis and g round ing 
p o i n t of i n p u t t e rmina l . 

Value : 0 . 0 1 ~ 0 . 0 4 7 J U F 

( C K D Y F 1 0 3 Z 5 0 ~ C K D Y F 4 7 3 Z 5 0 ) 

T o g r o u n d t h e rear pane l , replace the original 
screw wi th A B A - 1 1 5 and solder one of the capac
i to r leads t o it. 

1 . The l eng th of t h e 
c a p a c i t o r leads should 
be as shor t as poss ible . 

2 . A B A - 1 1 5 shou ld be 
fas tened t ight ly . 

ABA-115 

H o w t o de t ec t 

C o n n e c t on ly t h e 
g round ing wire (b lack 
lead) t o t h e G N D ter
mina l on t h e amplif ier ' s 
rear pane l . 

H o w to cure 

( 1 ) A d d a new g round ing p o i n t near the G N D ter
mina l using an A B A - 1 1 5 screw and co n n ec t t he 
t e rmina l t o t he A B A - 1 1 5 wi th a th ick lead or 
b ra ided wire . 

A B A - 1 1 5 

Rear panel 

Use thick or 
braided wire 
(Give a slack 
to the wire) 

GND terminal 

N o t e 



E n t r y P o i n t s : 3 . I n d u c e d in t he aud io signal rou tes of t h e amplifier , such as the p r e a m p stage and 
c o n t r o l circuits 

H o w to de tec t H o w t o cure N o t e 

Refer t o F L O W C H A R T . (1) Differential 
Ampl i f ier 

A d d capaci tor(s) and / 
or replace Q and C2 
t o achieve a capaci
t ance of Ci = C2 = 
4 7 - lOOpF. 
(Most amplifiers em
p loy Ci originally) 
Replace Rg and Ca 
wi th larger value com-
p o n e n t s , b u t n o t ex
ceeding 2 . 2 K O and 
lOOpF, respect ively. 

(2) Conven t iona l 
Amplifier 
T y p e 1 

a. A d d a 4 7 - lOOpF 
capac i to r t o Q be
t w e e n the emi t t e r 
and the base, 

b . Replace Rg and Ca 
wi th larger-value com
p o n e n t s , b u t n o t ex
ceeding 2.2KJ2 and 
lOOpF, respect ively. 

• Divide the filter con
sisting of Rg and Ca 
in to t w o stages t o get 
a sharper effect. T h e 
value of the par t s 
should be : 
2 .2Kf t = Rgi + Rg2 
1 0 0 p F = Ca! + C a 2 

(4) Inser t a capac i tor 
across t he t reble-
con t ro l vo lume . 

® Capac i t ance value vs 
V R values should be : 
4 7 0 ~ 6 8 0 p F : 1 0 Q K O 
u p t o lOOOpF: 1 0 K O 

• This m e t h o d on ly ap
plies t o t one -con t ro l 
c i rcui ts w h i c h e m p l o y 
B- type V R ' s (VAX or 
L U X t y p e ) . 

® 

(3) Conven t iona l 
Amplif ier 
T y p e 2 



E n t r y P o i n t s : 4 . I n d u c e d in to t h e g round ing (ea r th ) l o o p in t he amplifier 

H o w t o de tec t H o w t o cure N o t e 

Refer t o F L O W C H A R T . (1) Inser t a capac i to r b e t w e e n the ea r th line and 
the amplif ier chassis. 

• C2 shou ld be con
n e c t e d t o t h e nearest 
Ci g round ing lead 
and t h e shor tes t 
chassis ea r th po in t . 

C a u t i o n : 
If t h e p o w e r supply + B 
DC is for t rans is tors 
g r o u n d e d w i th a myla r 
o r ce ramic capac i tor , 
th is m a y cause oscilla
t ion . The re fo re , in such 
a case , th is m e t h o d 
shou ld n o t be used. 

E n t r y Po in t s : 5 . I n d u c e d in to t h e speaker leads 

H o w t o de tec t H o w t o cure N o t e 

Refer t o F L O W C H A R T . (1) Inser t C in to t he m i n u s ( - ) speaker t e rmina l and 
amplif ier chassis. 

ABA-115 

• T h e leng th of t he 
capac i to r C should be 
as shor t as possible. 

C a u t i o n : 
Conf i rm t h a t a m p is n o t 
oscil lat ing. 

T h e capac i tance of C should n o t exceed 0 .001 ~ 
0.047juF. 
T o g r o u n d t o t he rear pane l , replace t h e original 
screw wi th A B A - 1 1 5 and solder o n e of t h e capaci
t o r leads t o i t . 

Earth Chassis Earth Chassis 

a. Differential Ampli f ier b . Conven t iona l Ampl i f ie r 
Cure 

Input 

Chassis 
Earth 

c. IC- type Ampl i f ie r 

C 2 : 0 .047 / /F ( C K D Y F 4 7 3 Z 5 0 ) 

Speaker terminal 

ABA-115 



H o w t o de tec t H o w t o cure N o t e 

(2) Rep lace t h e speaker cords wi th t he cord J C - 2 0 0 . 

• Use LI cord and c o n n e c t as shown above. Con
nec t t w o wires t o t he G N D te rmina l o n the am
plifier (GND te rmina l should be g r o u n d e d com
ple te ly by p r o c e d u r e No .2 . ) 

E n t r y P o i n t s . 6 . I n d u c e d i n t o t he AC line 
H o w t o de t ec t H o w to cure N o t e 

Use an AC line filter. (1) Inser t a line-cross capac i to r ( Q o r C 2 ) i n to t h e 
AC o u t l e t te rminals . 

A n A C G - 0 0 3 wi th in
su la to r cover ( A E 2 7 9 ) 
should be used . 
C a u t i o n : 
D o n ' t let capac i to r leads 
t o u c h o the r s . 

T h e respect ive capac i tances should b e : 
Ci: A C G - 0 0 3 (UL au tho r i zed capac i to r 

O.OOImF) 

C 2 : ACG-001 (0.001/*F) or A C G - 0 0 3 

(2) Inser t an A C line filter i n t o t he AC l ine. 

@ 

LI cord 

To GND 
terminal 

Isolate from o t h e r pa r t s . 

SP 

(3) T ry t o b ind , m o v e wiring or adjust length of 
speaker cords t o get t h e best cond i t ion . 

AC outlet 

To power source 



E n t r y Po in t s : 7. I n d u c e d in t he p h o n o car t r idge o r t u r n t a b l e lead wires 

E n t r y Po in t s . 9. I n d u c e d in t h e t u n e r 

H o w t o de tec t 

"AMP I " is n o longer 
audib le w h e n the head-
shell o r t u r n t a b l e out 
p u t cord (PU cord) are 
d i sconnec ted . 

H o w t o cure 

(1) C o n n e c t t h e ea r th lead t o t h e g r o u n d via t he 
capac i to r specif ied; e m p l o y t h e shor tes t r o u t e 
f rom t h e t o n e a r m t o t h e chassis. 

Cartridge PU cord 

Tone arm 

Never c o n n e c t t o t h e 
pos i t ive (+) lead. 

N o t e 

E n t r y Po in t s : 8. I n d u c e d in t h e t ape deck 

H o w t o de tec t 

"AMP I " is no longer 
audible w h e n the t ape-
deck o u t p u t cord is 
d i sconnec ted . 

"AMP I " is n o longer 
audible w h e n t h e t ape -
head leads are re
moved . 

H o w to cure N o t e 

(1) R e m e d y the t ape deck b e t w e e n line in / l ine o u t 
g round ing te rmina ls and chassis as in p r o c e d u r e 
N o . 1. 

(1) C o n n e c t C, specified head lead wire , t o t h e 
chassis. 

Head Shield wire 

R/P amp 

Replac ing t h e head leads wi th shielded wire is 
s o m e t i m e s effective, if shielded wire is n o t em
p loyed . 

C a u t i o n : 
Never co n n ec t a capaci
t o r t o t h e signal l ine. 

H o w t o de t ec t 

Induced in to t h e ea r th 
line of the t u n e r : 
Even w h e n the p o w e r 
swi tch is off, "AMP 
I " is some t imes pre
sent if on ly t h e 
g round ing line of t he 
o u t p u t cord is con
nec ted to the ampli
fier. 

I nduced i n t o the sig
nal line of the tune r : 
One "AMP I " c h a n n e l 
o u t p u t cord of t h e 
t u n e r is r emoved . 

(1) C o n n e c t t h e g round ing t e rmina l of the t u n e r 
o u t p u t t o the chassis, d i rec t ly or via a 0 .0047/xF 
capac i to r , using an A B A - 1 1 5 screw. 

(1) C o n n e c t a specified R C filter t o t h e o u t p u t 
t e rmina l . 

OUTPUT 

H o w t o cure N o t e 



R a d i o F r e q u e n c y 
In t he last issue, we learned a b o u t A F specif icat ions. 
We h o p e y o u u n d e r s t a n d w h a t the specif icat ions 
m e a n and h o w to read and m a k e use of t h e m . 
In this issue, we are going t o learn a b o u t R F specifi
ca t ions . 
While t h e A F sec t ion basically hand les on ly audible 
f requencies , t h e R F sec t ion hand les main ly rad io 
f requencies , t h a t is, 88—108MHz o n FM, 5 2 5 -
1605kHz on AM (MW), in add i t i on to A F . 
Unlike amplif iers, t une r s and receivers have m a n y 
func t ions such as t un ing , f r equency convers ion, 
de t ec t i on , s tereo d e m o d u l a t i o n in t h e case of FM 
stereo e tc . , as well as A F signal ampl i f ica t ion. 

Because of this and because t h e source of the t u n e r 
is t h e rad io wave, t he re are m o r e k inds of specifica
t ions in t h e t u n e r sec t ion . 
R e c e p t i o n s t rongly d e p e n d s o n receiving cond i t ions 
such as d i rec t ion , d is tance and obs t ruc t i ons b e t w e e n 
the receiver and s ta t ions . 
In a receiver, m u t u a l in te r fe rence o r i nduc t i on m a y 
occur b e t w e e n t h e un i t s or b locks due t o the charac
terist ics of r ad io f requency signals. T o compare t h e 
p e r f o r m a n c e of tune r s o r receivers by specif icat ions, 
t hey m u s t be tes ted u n d e r equal cond i t ions . 
However , a s t andard tes t w h i c h is c o m m o n th rough
o u t the wor ld does n o t exist a t p resen t . 



FM Section 
Def in i t ion of Test Condit ions 
T h e t e rms m e n t i o n e d in this chap t e r are def ined 
be low unless o the rwise specified. 
1. S t anda rd Tes t F r equenc i e s 

90MHz, 9 8 M H z , 106MHz 
2 . S t anda rd M o d u l a t i o n 

1kHz, 100% m o d u l a t i o n ( m a x . 7 5 k H z devia t ion) 

3 . S te reo M o d u l a t i o n 
Unless o therwise specified, o n l y L or R channe l is 
given a m o d u l a t i n g signal 

4 . Pi lot Signal 
19kHz, 10% m o d u l a t i o n ( m a x . 7 .5kHz devia t ion) 

SSG: Standard signal generator 

112.512 

To tuner 
Zin = 30012 

SSG (A) 
Zout = 7512 

SSG (B) 
Zout = 7512 

To tuner 
Zin = 30012 

a) For 1 signal b) For 2 signal 

Fig. 1 FM dummy antenna 

1 . Usable Sensit ivity 
I n general , sensit ivi ty m e a n s an i npu t level r equ i red 
t o p r o d u c e a s t a ted o u t p u t . 
However , sensit ivity in R F m e a n s an abi l i ty t o re
ceive weak rad io waves as clearly as possible , and its 
figure does n o t necessari ly co r r e spond to gain. 

usable sensitivity expresses an available p o w e r 
wh ich provides A F o u t p u t w i th —30dB (3 .16%) 
d i s to r t ion including noise . 

Oscilloscope 

i uner/Receiver 

SSG: Standard signal generator 
A F G : Audio frequency generator 
DA: Standard dummy antenna 

mV meter 

Fig. 2 Measuring usable sensitivity 

SSG 
Zout = 7512 7512 

15012 

2512 10012 

2512 15012 

Distort ion 
meter 

AFG 

SSG DA 



Available power is expressed in dBf induced /iV. 
OdBf is t h e reference level at wh ich a p o w e r of 1 
fern to w a t t (10 ~ 1 5 w a t t ) is consumed at the a n t e n n a 
inpu t . In the case whe re the a n t e n n a input impe
dance is 3 0 0 o h m s , OdBf cor responds to 0.55/xV. 
(The reason why sensit ivi ty ind ica t ion was changed 

D U M M Y ANT. IMP.: 300 o h m s BAL . TYPE 
CARRIER FREQ.: 98MHz 
M O D . FREQ.: M O N O ; 400Hz, 

STEREO; 1kHz 
D E V I A T I O N : M O N O ; 75kHz, 

STEREO; L + R 67.5kHz, 
P ILOT 7.5kHz 

Fig. 3 Output level, S/N vs input level 

2 . 5 0 d B Quiet ing Sensit ivity 
While usable sensit ivity is an i npu t p o w e r necessary 
to p r o d u c e a specified o u t p u t wi th —30dB distor
t ion , 50dB quie t ing sensit ivity is an i n p u t p o w e r 
necessary to p r o d u c e an o u t p u t signal of 50dB S/N 
ra t io , which is m o r e severe t h a n usable sensitivity 
and is requi red for hi-fi listening. The measur ing 
m e t h o d is similar t o t h a t of usable sensit ivity using 
a s tandard signal. 

T h e measur ing of signal level is m a d e wi th s tandard 
m o d u l a t i o n while the undes i r ed signal, such as noise , 
is measu red w i t h o u t m o d u l a t i o n . 
When t h e o u t p u t difference b e t w e e n signal and 
noise b e c o m e s 5 0 d B , its i npu t signal level is express
ed as available power . 
It is specified for b o t h s tereo and m o n a u r a l . 

AFG 

SSG: Standard signal generator 
AFG: Audio frequency generator 
DA: Standard dummy antenna 
BPF: Band-pass filter 

Fig. 4 Measuring 50dB quieting sensitivity 
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mV meter 
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3 . Signal-to-Noise R a t i o at 6 5 d B f and 7 5 d B f 
This is def ined as t h e S/N ra t io w h e n an i n p u t 
signal of 65dBf or 75dBf is appl ied to t he t une r . 
This tes t Is a measure of the S/N ra t io a t t a ined wi th 
relat ively s t rong i npu t signals. 
Measuring is pe r fo rmed as fol lows: 

T h e o u t p u t s o b t a i n e d wi th and w i t h o u t m o d u l a t i o n 
are measu red , and the resu l tan t S/N ra t io is express
ed in dB for b o t h s te reo and m o n a u r a l . T h e reason 
w h y t h e band-pass filter is i n se r t ed is t o e l iminate 
t he h u m and sub carrier c o m p o n e n t . 

Tuner/Receiver 

SSG: Standard signal generator 
AFG: Audio frequency generator 
DA: Standard dummy antenna 
BPF: Band-pass fi l ter 

Oscilloscope 

mV meter 

Distort ion 
meter 

Fig. 5 Measuring S/N ratio at 65dBf 

Fig. 6 Input vs output, S/N & distortion 

© 

BPF 
200 ~ 15,0Q0Hz 

DA SSG 

AFG 

O U T P U T L E V E L ( M O N O ) 

( S T E R E O ) 

DUMMY ANT. IMP.: 300 ohms BAL TYPE 
CARRIER FREQ.: 98MHz 
MOD. FREQ.: 1kHz 
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4 . Tota l H a r m o n i c D i s t o r t i o n 
This is t o evaluate t he l inear i ty of the en t i re sys tem, 
name ly , f rom a n t e n n a i npu t t o A F o u t p u t , of a 
receiver. 
T h e def in i t ion of to t a l h a r m o n i c d i s to r t ion is exact 
ly the same as t h a t exp la ined in A F Specif icat ions in 
Tuning Fork No. 2. 

When measur ing the to ta l h a r m o n i c d i s to r t ion of a 
receiver, t he cond i t ions are specified as follows: 

I n p u t level 65 dBf 
Devia t ion 1 0 0 % ( ± 7 5 k H z ) 
Modu la t i on f requency 1 0 0 H z , 1kHz, 6kHz 

To ta l h a r m o n i c d i s to r t ion is expressed as a per
centage for b o t h s tereo and m o n a u r a l . 

DUMMY A N T . IMP: 300 o h m s B A L . T Y P E 
C A R R I E R FREQ. : 98MHz 
A N T . I N P U T L E V E L : 65dBf 
O U T P U T T E R M I N A L : F I X E D 

MODULATION FREQUENCY IN Hz 

Fig. 7 Frequency vs total harmonic distortion 

5. Frequency Response 
T h e f requency response of a t u n e r is defined as t h e 
A F o u t p u t amp l i t ude response t o modu la t i ng fre
quencies of s t andard a m p l i t u d e in a specified range. 
T h e only difference from the F r e q u e n c y Response 

used in A F is the f requency range . T h e A F o u t p u t 
var ia t ion is observed whi le t h e m o d u l a t i o n fre
q u e n c y is varied con t inuous ly f rom 30 t o 15 ,000Hz . 
T h e ra ted f requency response shall be s ta ted as: 
from 30Hz to 15 ? 000Hz +XdB, - X d B . 
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6 . C a p t u r e R a t i o 
I n case t w o F M s ta t ions whose f requencies are t h e 
same exist in a given service area, on ly t h e s ta t ion 
w h o s e field s t r eng th is grea ter can be received w h e n 
a receiver is t u n e d t o t h a t f requency . 
This is t h e n a t u r e of FM broadcas t s , and is called 
cap tu r e effect. Genera l ly speaking, c a p t u r e ra t io is 
t h e index wh ich shows t h e degree of cap tu r e effect , 
and it shows t h e m i n i m u m difference b e t w e e n t he 
t w o a n t e n n a i n p u t signals necessary for t h e s t ronger 
signal t o suppress the weake r o n e and t o keep t h e 
S/N ra t io at 3 0 d B or m o r e . 
I t is expressed in t e r m s of dB b y induc ing a loga
r i t h m of t h e ra t io b e t w e e n t h e t w o signals w h e n an 
o u t p u t w i th an S/N ra t io of 3 0 d B is p r o d u c e d . 
There fo re , t he smaller the be t t e r . 
As a m a t t e r of prac t ice , t w o o r m o r e s t a t ions whose 
f requencies are t he same will n o t be p laced in t h e 
same service area. 
C a p t u r e r a t io , never theless , is an i m p o r t a n t fac tor 
w h e n taking m u l t i p a t h ref lect ions i n t o considera
t ion . 
Mu l t i pa th ref lect ions severely affect r ecep t ion if the 
t u n e r has an infer ior c ap tu r e r a t io . 
T o measure cap tu re r a t io , t w o signal genera to rs are 
requi red . . 

B o t h genera to rs (A & B) are c o n n e c t e d t o the re
ceiver t h r o u g h a dua l d u m m y a n t e n n a and are set 
accura te ly t o t h e same f r equency ( n o r m a l l y 98MHz) 
by zero beat ing or by c o u n t e r n i e a s u r e m e n t . 
T h e o u t p u t of t h e u n m o d u l a t e d interfer ing signal 
genera to r B is init ial ly set a t zero o u t p u t . 
With a s t andard m o n o p h o n i c t e s t m o d u l a t i o n on t h e 
desired signal, gene ra to r A p r o d u c e s an i n p u t signal 
level of 65dBf and t h e con t ro l s are adjusted for 
s tandard tes t cond i t i ons . T h e o u t p u t level of gener
a to r B is t h e n increased un t i l i t s in terfer ing signal 
causes t h e receiver o u t p u t t o d r o p b y l d B ; th is 
o u t p u t level of gene ra to r B is n o t e d in dB. T h e 
o u t p u t level of gene ra to r B is fu r the r increased unt i l 
t h e receiver o u t p u t falls by a t o t a l of 3 0 d B , indicat
ing tha t t h e interfer ing signal has subs tant ia l ly 
cap tu red t h e channe l ; th is o u t p u t level of genera to r 
B is again n o t e d in d B . 

T h e difference in t h e t w o dB readings of genera to r B 
divided b y t w o is defined as t h e c a p t u r e ra t io . 
T h e smaller t h e spread b e t w e e n t h e o u t p u t levels of 
gene ra to r B wh ich causes t h e l d B and 3 0 d B d r o p in 
receiver o u t p u t , t he less vu lnerab le t h e receiver is t o 
co-channel in te r fe rence . 

BPF 
2 0 0 ~ 15,000Hz 

Tuner/Receiver 

SSG: Standard signal generator 
A F G : Audio frequency generator 
DA: Standard dummy antenna (2-signal type) 
BPF: Band-pass fi lter 

mV meter 

Oscilloscope 

Interfering signal input (dB) 

Fig. 8 Measuring capture ratio 
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7. A l t e r n a t e Channe l Se lec t i v i t y 
This represen ts a receiver 's abi l i ty t o receive a signal 
w i t h o u t in ter ference in the p resence of an interfer
ing signal which is relatively close to t h e desired 
signal. 
FM s ta t ions are p laced at an interval of 2 0 0 k H z 
( 3 0 0 k H z in E u r o p e ) . In ac tual r ecep t ion , the major 
interfer ing signals are b roadcas t carriers o t h e r t han 
the desired o n e in t h e service area. 
The measur ing cond i t ions are similar t o those for 
t h e m e a s u r e m e n t of cap tu re r a t io , excep t t ha t the 
interfer ing signal f requency B is different from the 
desired signal f requency A (separa ted by 4 0 0 k H z ) . 
With gene ra to r B at zero o u t p u t , s t andard m o n o -
p h o n i c m o d u l a t i o n is appl ied t o gene ra to r A and the 
i npu t level is adjusted init ial ly t o 45dBf wi th all con
trols adjusted for s t andard tes t cond i t ions . T h e 

m o d u l a t i o n is r emoved from gene ra to r A , appl ied 
to gene ra to r B, and the o u t p u t of genera to r B is 
increased unt i l t he in te r fe rence p r o d u c e d is 3 0 d B 
be low the s t anda rd tes t o u t p u t . 
T h e ra t io of t h e gene ra to r o u t p u t s is n o t e d in dB. 
T h e p r o c e d u r e is r epea ted w i t h gene ra to r B offset a 
l ike a m o u n t o n the o p p o s i t e side of t he desired 
signal. 
T h e average of t he t w o ra t ios in dB is the a l t e rna te 
channe l selectivi ty. T h e r a t i o cor responding t o a 
separa t ion of t w o channels ( 4 0 0 k H z ) is called t h e 
a l t e rna te channe l selectivity r a t i o . 
F o r reference, the ra t io co r re spond ing to a separa
t ion of o n e channel ( 2 0 0 k H z ) is called the adjacent 
channe l selectivi ty r a t io . 
In th is m e a s u r e m e n t , a 1kHz band-pass filter is used 
at t h e o u t p u t t o r educe er rors f rom noise . 

SSG (B) 

SSG (A) 

Tuner/Receiver 

mV meter 

Oscilloscope 

AFG SSG: Standard signal generator 
A F G : Audio frequency generator 
DA: Standard dummy antenna (2-signal type) 
BPF: Band-pass fi lter 

Fig. 9 Measuring alternate channel selectivity 

8. Spurious Response 
While cap tu r e ra t io and a l t e rna te channe l selectivity 
represen t the res is tance of a desired signal t o inter
fering signals, t he spur ious response ra t io represents 
t he resis tance of a desired signal t o spur ious signals 
o t h e r t h a n b roadcas t t ransmiss ions . 
Tune r s emp loy ing the m o s t p o p u l a r superhe te ro 
d y n e sys tem have a local osci l la tor t o get an inter
m e d i a t e bea t f requency of 10 .7MHz by oscillating a 
signal 10.7MHz above or be low the desired signal 
and mixing it w i th t h e received signal. 
T h e re la t ionship b e t w e e n the i r f requencies is as 
fol lows: 

/ s ± / o =fi 
However , fi can be o b t a i n e d by o t h e r f requencies as 
well, u n d e r the cond i t i ons s h o w n be low: 

n x / s ± m x / 0 =fi 
m & n: Arb i t r a ry posi t ive integral n u m b e r 
fs : Receiving signal (desi red signal) 
f0 : Local-osci l lator f requency 
fi : I n t e r m e d i a t e f requency (10 .7MHz) 

This m e a n s t h a t ha rmon ic s of t h e desired signal and 
t h e local oscillating signal m a y also cause a genera
t i on of A , and resul t in spur ious response . A t u n e r is 
m o s t vulnerable t o in te r fe rences at t he frequencies 
of spur ious responses . I n add i t i on , any f requency 
received which causes a gene ra t ion of f and its 
h a r m o n i c s (2f{, 3f) can also in ter fere wi th t he re
cep t ion . 
T h e r e are t h ree k inds of spur ious in terferences . 
1. Image In te r fe rence / s ± 2f 
2. I F In te r fe rence f 
3 . So called Spur ious Response All o t h e r 

frequencies 
Poor ly designed osci l lators can genera te ha rmonics 
and R F amplifiers and mixers m a y also p r o d u c e 
h a r m o n i c s wi th non- l inear character is t ics , especially 
w h e n receiving s t rong b roadcas t signals. Please see 
the difference shown in Fig. 10. (OdB refers t o the 
response at the t u n e d f requency , 100MHz.) 

DA 

BPF 
2 0 0 ~ 15,000Hz 



fs+-±-f\ (105.35MHz)-

-IF response: f\ (10.7MHz) 

a) Inferior designed 

.Tuned frequency fs (100MHz) 

105.35MHz 

,210.7MHz 
-Image response 

(121.4MHz) 

Fig, 10 Spurious responses 

Tuned frequency fs (100MHz) 

-Image response: fs + 2f\ (121.4MHz) 
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Measur ing m e t h o d : T h e m e t h o d of measur ing 
spur ious response r a t io , image response ra t io and I F 
response ra t io is t h e same. Keeping the t une r t u n e d 
t o t h e desired f requency , a tes t signal of the s tand
ard m o d u l a t i o n is fed t o t he t u n e r and the o u t p u t 
level is measu red . T h e n , t h e test f r equency is swept 
over a wide range t o see w h e t h e r t he t u n e r responds 
to t h e i n p u t signal local (SG's o u t p u t ) is increased t o 
t h e i n p u t where t h e t u n e r ' s o u t p u t level becomes 
equa l t o t h e level of t h e desired signal ( t uned signal) 
and t h e o u t p u t level of t h e SG is r eco rded . The ra t io 
of t h e level difference is expressed in dB . 
Image response ra t io refers t o t he difference in level 
b e t w e e n t h e desired signal and t h e image response . 
I F response ra t io refers t o t h e difference in level 
b e t w e e n the desired signal and IF response . 
Spur ious response ra t io refers t o t he highest response 
at o t h e r f requencies excep t the above t w o . 

9 B A M Suppress ion R a t i o 
A l t h o u g h it is ideal for FM t u n e r s t o d e m o d u l a t e 
FM signals on ly , F M d e m o d u l a t o r s also de tec t AM 
c o m p o n e n t s in the signals a l i t t l e . T h e AM m a y result 
f rom fading, m u l t i p a t h effects , a i rplane f lut ter , or a 
relat ively na r row or misal igned receiver passband. 
AM suppress ion ra t io is an index of a tune r ' s abili ty 
t o suppress response to AM c o m p o n e n t s in the sig
nal , and is defined in t e rms of t h e relat ive d i s turb
ance caused by AM c o m p o n e n t s w h e n the carrier is 
s imul taneous ly a m p l i t u d e and f requency m o d u l a t e d . 
T h a t is: 

AM suppress ion ra t io = 
FM-caused o u t p u t 

( 1 0 0 % m o d u l a t i o n , 1kHz) / J T V k 

20 log — 7 — 7 (dB) 
AM-caused o u t p u t 

( 3 0 % m o d u l a t i o n , 4 0 0 H z ) 

SSG (B) 

SSG (A) 

BPF 
2 0 0 - 15,000Hz 

DA 

Tuner/Receiver 

mV meter 

Oscilloscope 

AFG 
SSG: Standard signal generator 
A F G : Audio frequency generator 
DA: Standard dummy antenna (2-signal-type) 
BPF: Band-pass filter 

Fig. 11 Measuring spurious response ratio, image 
response ratio and SF response ratio 

Measuring m e t h o d : Using an SSG capable of FM and 
AM m o d u l a t i o n , an F M m o d u l a t e d signal of 100%, 
1kHz is appl ied t o t he t une r , and t h e o u t p u t level is 
r ecorded . 

T h e n FM m o d u l a t i o n is r e m o v e d , and an AM 
m o d u l a t e d signal of 4 0 0 H z , 3 0 % is applied t o the 
tune r . T h e o u t p u t level is r eco rded again. 



For FM modulation 

BPF 
2 0 0 ~ 15,000Hz Oscilloscope 

For AM modulation 

A F G : Audio frequency generator 
SSG: Standard signal generator 
DA: Standard dummy antenna 
BPF: Band-pass fi l ter 

mV meter 

Fig. 12 Measuring AM suppression ratio 

During this m e a s u r e m e n t , t h e vo lume c o n t r o l . or 
o u t p u t level c o n t r o l set t ing m u s t n o t be changed . 
T h e AM suppress ion ra t io is given by the above 
fo rmula . 

1 0 . Mut ing Threshold 
While m u t i n g in an aud io f requency b lock can be 
d o n e on ly b y reduc ing gain, FM m u t i n g is difficult 
w h e n receiving low-level signals because of in ter-
carr ier or i n t e r s t a t i on noise i nhe ren t t o F M . In o rde r 

t o ove rcome this d isadvantage, F M tu n e r s have a 
device t o cu t FM o u t p u t w h e n t h e i n p u t signal is 
be low a cer ta in level. T h e o p e r a t i o n is called FM 
m u t i n g . Measur ing m e t h o d . A s t anda rd signal is 
fed t o t h e t u n e r from t h e SG. T h e signal level from 
the SG is decreased f rom a high level d o w n t o the 
p o i n t where t h e m u t i n g circuit ac t ivates and the 
level is r eco rded . T h e n , t h e level is increased from 0 
u p t o t he p o i n t where m u t i n g is released and the 
level is r eco rded . 

Muting threshold voltage 

Fig. 13 Hysterisis loop of muting 
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Y o u will find t h a t t h e releasing level is higher t h a n 
t h e act ivat ing one . T h e o p e r a t i o n is called m u t i n g 
hysteres is . T h e m e a n value of t h e t w o p o w e r levels 
is called m u t i n g th resho ld and is expressed in dBf. 
Specif icat ion sheets for tune r s e q u i p p e d w i t h a 
W I D E / N A R R O W swi tch show the m e a n value for 
b o t h swi tch pos i t ions . A l t h o u g h t h e specif icat ion of 
t h e m u t i n g itself does n o t show pe r fo rmance , p o o r l y 
designed tune r s m a y have p r o b l e m s wi th a popp ing 
noise and uns t ab le ope ra t i on w h e n t h e M U T I N G 
swi tch is pressed o n and off. 

1 1 . Stereo Separation 
With t h e FM s tereo sys tem, t w o aud io signals, R & 

L, are carried o n an R F signal. When receiving t h e 
R F signal, t h e t w o signals are e x t r a c t e d . S t e reo 
separa t ion is t h e degree t o w h i c h t w o s te reo signals 
are k e p t apar t . 
Measuring m e t h o d : A s t a n d a r d s t e reo signal of 
65dBf, 1kHz s tandard s tereo m o d u l a t i o n , is appl ied 
t o on ly o n e channel of t he t u n e r and t h e o u t p u t 
levels of b o t h channels are r e c o r d e d . T h e separa t ion 
is t h e level difference b e t w e e n t h e t w o which is 
expressed in dB . T h e range s epa ra t i on can be meas
u r e d b y varying t h e m o d u l a t i n g f requency f rom 
3 0 H z t o 15kHz. T h e ra ted sepa ra t ion is measured at 
1kHz and descr ibed in dB . 

IODULATION FREQUENCY IN Hz 

Fig. 14 FM stereo separation and distortion 

1 2 . Subcarrier Product Rat io 
T h e subcarr ier p r o d u c t ra t io is defined as the con
t e n t ra t io of 3 8 k H z found in s tereo d e m o d u l a t i o n 
signals. T h e measur ing m e t h o d is t h a t wi th the signal 
genera to r c o n n e c t e d as usual and t u r n e d t o t h e 
m e a n carr ier f r equency , a s t andard s t e reophon ic 
test m o d u l a t i o n is applied at 100% to ta l sys tem 
m o d u l a t i o n . O u t p u t level is r eco rded w i t h the t u n e r 
i npu t level of 65dBf . 
N e x t , all m o d u l a t i o n excep t t h e 19kHz pi lot signal 
is r emoved and t h e o u t p u t level is once m o r e re
co rded . T h e r a t ed subcarr ier p r o d u c t rat io is t h e 
difference b e t w e e n t he t w o o u t p u t readings t a k e n 

above , expressed in dB. N o filters are used for th is 
m e a s u r e m e n t . 

1 3 . S C A Beat Response Rat io 
SCA s tands for Subsidiary C o m m u n i c a t i o n A u t h o r i 
za t ion . O n t h e second subchanne l at 6 7 k H z , a p ro 
gram o t h e r t h a n F M stereo is being b roadcas t in 
some areas. T h e ra t io specifies t h e degree of SCA's 
in te r ference expressed in dB . 

1 4 . An tenna Impedance 
All cu r ren t F M receivers and tune r s have t w o pairs 
of a n t e n n a te rmina ls as shown be low. 
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A M S e c t i o n 
AM S t a n d a r d Signal 
1. S t anda rd i n p u t level 

74dBf w i t h d u m m y a n t e n n a 
74dBf /m w i t h loop st ick a n t e n n a 

2 . S t anda rd t e s t m o d u l a t i o n is an a m p l i t u d e m o d u l a 
t i on at 4 0 0 H z wi th 30%. 

3 . S t anda rd o u t p u t 
T h e o u t p u t signal o b t a i n e d w h e n the s t anda rd 
test signal is applied t o t h e receiver. Fig. 15 shows 
the d iagram for t h e m e a s u r e m e n t . 

* Sensi t ivi ty 
In genera l , it is defined as t h e m i n i m u m inpu t 
signal level requi red t o p r o d u c e a specified o u t p u t . 
However , sensit ivity in R F specifies an abi l i ty t o 
receive weak rad io waves as clear ly as poss ible , and 
its figure does no t necessarily co r r e spond to gain. 
When the gain is high and noise is low, t h e sensitiv
i ty b e c o m e s t ru ly high. 

SSG: Standard signal generator 
A F G : Audio frequency generator 
DA : Standard dummy antenna 

Tuner/Receiver 

Oscilloscope 

Distort ion 
meter 

mV meter 

D: 60cm 

Fig. 15 Measuring AM specifications 
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1 . Sensitivity 
A l t h o u g h basically the same as t h a t descr ibed in t h e 
F M sec t ion , the on ly difference is t he m i n i m u m in
p u t signal necessary t o m a k e an o u t p u t wi th a dis
t o r t i o n ra te of - 2 0 d B (10%) , calculated by the 
fol lowing e q u a t i o n : 

_ N ± D _ = Q J 

S + N + D 
N : noise c o m p o n e n t s 
D : o t h e r d i s to r t ions 
S : t h e desired signal 

T u n e r s p r o d u c e d by P ionee r and o t h e r makers have 
a ferr i te a n t e n n a for AM. There fo re for b o t h sensi
t ivit ies, o n e for a n t e n n a t e rmina l and t h e o the r for 
ferr i te a n t e n n a are specified. 

2 . Selectivity 
T h e same as expla ined in F M excep t ing t h e measur
ing m e t h o d . 
Measur ing m e t h o d : The 1MHz s t andard test signal 
is appl ied t o the AM a n t e n n a te rmina ls from an SG, 
t h e t u n e r is t u n e d to 1MHz, and the i n p u t level is 
var ied and t h e m a x i m u m sensi t ivi ty is recorded . 
T h e n , t he i n p u t f requency is devia ted by 10kHz 
above or be low 1MHz. Vary ing t h e i n p u t level, t he 
m a x i m u m sensit ivi ty is measu red w i t h o u t tu rn ing 
t h e tun ing k n o b . T h e difference in dB be tween t h e 
t w o i n p u t levels is t h e selectivity. 
* M a x i m u m sensi t ivi ty: T h e smallest signal i n p u t 

t ha t p r o d u c e s a specified o u t p u t w i t h o u t con
cerning S/N ra t io . 

3 . Signal-to-Noise Rat io 
T h e ra t io of the m a g n i t u d e of t h e signal t o tha t of 
t h e noise expressed in dB . 
Measur ing m e t h o d : T h e s t anda rd tes t signal ( 0% 
m o d u l a t i o n ) is appl ied t o t he t u n e r and the o u t p u t 
levels of signal and noise are measu red respect ively. 

6. Antenna 

Photo 1 Standard loop antenna 

200pF 

SSG: Standard signal generator 

4 . Image Response Rat io 
T h e def in i t ion and measur ing m e t h o d are the same 
as F M . 

Fig. 16 AM dummy antenna 

5. I F Response Rat io 
T h e same as for FM e x c e p t t h a t t h e I F f requency is 
4 5 5 k H z . M e a s u r e m e n t will b e t a k e n as fol lows: a 
tes t signal wi th s tandard m o d u l a t i o n is appl ied t o 
t h e receiver; t he level of t he tes t f requency and I F 
f requency are r eco rded w h e n t h e m a x i m u m sensi
t ivi ty is o b t a i n e d ; t he level difference in dB is t h e 
I F response ra t io . 

® 

SSG 
Zout = 5012 To tuner 



Quality Information System (2) 
In t h e last ed i t ion , Vol . 2 , we had a look at t h e basic 
idea of qua l i ty and qua l i ty con t ro l . Here we are 
going t o see t he pract ica l side of qua l i ty con t ro l 
w h i c h m a k e s o u r service act ivi ty effective. 

Outline of Quality Control 
With rapid innova t ions , t he i m p r o v e m e n t in aud io 
e q u i p m e n t has been r emarkab l e . S o m e top-grade 
e q u i p m e n t is even c o m p e t i n g wi th measur ing equ ip
m e n t in pe r fo rmance . B u t w e c a n n o t say t ha t the 
h igher the p e r f o r m a n c e , the h igher t h e qua l i ty . T h e 
mos t i m p o r t a n t fac tor in evaluat ing a p r o d u c t is i ts 
rel iabil i ty, o r f reedom from defects . T h e p u r p o s e of 
qua l i ty con t ro l is t o p u t reliable p r o d u c t s on t h e 
m a r k e t . T h e basic m e t h o d of qua l i ty con t ro l re
qui res two th ings: s tat is t ics as exp la ined in t he last 
issue, and the w o r k e r ' s will to aim for zero defects . 
T h e r e are th ree e l emen t s of to t a l qua l i t y : 
Designed qua l i ty Qua l i ty d e t e r m i n e d at t h e 

t ime of design: p e r f o r m a n c e , 
durab i l i ty , e tc . 

Manufac tu r ing qua l i ty Qua l i ty d e t e r m i n e d dur ing 
m a n u f a c t u r e : d ispers ion, 
w o r k m a n s h i p , e t c . 

F ie ld qua l i ty Qua l i ty perceived by t h e 
m a r k e t : consumer s ' t rus t 
and sat isfact ion. 

Of these t h r ee , field qua l i ty is ou r greates t conce rn . 
Servicemen and salesmen as well as cus tomers are 
h a p p y if c o m m o d i t i e s are high in field qua l i ty and 
free from t r o u b l e , regardless of design qua l i ty and 
manufac tu r ing qua l i ty . Bu t the re is a close re la t ion 
b e t w e e n these th ree and t h e y shou ld n o t be con
sidered i n d e p e n d e n t l y . As field qua l i ty d e p e n d s 
o n t h e o t h e r t w o , t o improve field qua l i t y it is 
necessary to m a i n t a i n high design and manufac tu r 
ing s t andards . 
Refer t o Fig. 1. 

Design quality Manufacturing quality 

Market 

Fig. 1 Design quality, manufacturing quality and 
field quality 

T o improve overall qua l i ty , special care is being 
t a k e n in the manufac tu r ing process . Incoming in
spec t ion is being c o n d u c t e d on every pa r t in addi
t i on to ou tgo ing inspec t ion . T h e inspec t ion da ta is 
a c c u m u l a t e d , ana lyzed , r e c o r d e d and s tored . If a 
p r o b l e m is found in t h e da t a b y analysis , it is fed 
back t o t h e sect ions conce rned for remedia l ac t ion . 

Field quality 

Quality information 

OK 
NG 



Cause analysis Design modification 

Outgoing inspection 

Ship out 

Fig. 2 Quality-information feedback and quality improvement 

Fig. 2 shows an example of t h e process . 

Further improved 

Stable 

Instable 

Quality aimed 

Countermeasure 

(Minor trouble) (Major trouble) 

Date/month 
Mass production started 

Fig. 3 Typical transition of quality level 

This shows on ly the re la t ion b e t w e e n the qual i ty 
and t ime by day o r m o n t h . Le t us see h o w pract ical 
i m p r o v e m e n t is being m a d e . 

Practical Quality Control 
Qua l i ty c o n t r o l is, in o t h e r w o r d s , t he to ta l effort 
necessary to assure ou tgo ing qua l i ty from a cus
t o m e r ' s p o i n t of view. Needless t o say, outgoing 
qua l i ty assurance canno t be c o n d u c t e d in one par
t icular sec t ion . T h e peop le designing, manufac tu r ing 
o r inspect ing a p r o d u c t are all responsible for 
qua l i ty . T h e ma in j o b of t h e Q u a l i t y C o n t r o l Sec t ion 
is t o conf i rm t h e qua l i ty of p r o d u c t s from the users ' 

v iewpoin t b y tes t , inspec t ion , p r o d u c t i o n evaluat ion, 
da t a analysis, and t o give approva l w h e n the resul ts 
satisfy the qua l i ty s t andard . T h i s is called " o u t g o i n g 
qua l i ty assurance . " 
T h e second j o b is t o prevent qua l i ty p rob lems and 
the i r r epe t i t i on , and t o r e m e d y t h e m quickly . 
With t he above as a gu ide , we are conduc t ing ou t 
going qua l i ty assurance and qua l i ty i m p r o v e m e n t 
ope ra t ions . Outgo ing qua l i ty assurance and qua l i ty 
i m p r o v e m e n t should n o t be cons idered separately . 
Outgo ing qua l i ty assurance requi res qua l i ty improve
m e n t and qua l i ty i m p r o v e m e n t needs the da t a 
genera ted by qua l i ty in spec t ion . 
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Assembling Packing Customer's use 
Shipping 

Final check 

Outgoing inspection 

Performance assurance test 

Reliability assurance test 

Assurance of 
outgoing quality 

Data inspection 

Quality improvement 

Data inspection 

Fig. 4 Outgoing quality assurance and quality improvement 

Checking is d o n e o n every un i t at several check
p o i n t s on t h e assembly lines and after comp le t i on , 
a final check is m a d e . A n d before shipping ou t , out 
going inspec t ion b y sampl ing is d o n e to a cer ta in 
s t andard . A sampling check for ope ra t i on , appear
ance and safety is c o n d u c t e d f rom the c u s t o m e r s ' 
p o i n t of view. We call th is t h e " C A t e s t " or 
" c o n s u m e r s ' a ccep t ance t e s t . " J u d g e m e n t w h e t h e r 
t o pass a p r o d u c t lot o r n o t is m a d e using the resul ts 
of t h e sampling inspec t ion . T h e n the da ta is ana
lyzed for qua l i ty i m p r o v e m e n t . While ou tgo ing in

spec t ion is m a d e o n the basis of c o n s u m e r accepta
bi l i ty , a per formance-assurance tes t is m a d e o n every 
specif icat ion such as sensit ivi ty, d i s to r t i on , S/N fre
q u e n c y response , w o w & f lu t ter , e t c . T h e pe r fo rm
ance is w a t c h e d and qua l i ty is assured b y c o n t i n u o u s 
m e a s u r e m e n t . T h e first stage of p r o d u c t qua l i ty 
assurance is d o n e w i t h the resul ts of the CA sam
pling test and the per formance-assurance test . Re
liability is a n o t h e r i m p o r t a n t fac tor in qua l i ty . T h e 
playing c o n d i t i o n of aud io e q u i p m e n t varies very 
m u c h according t o c l imate and care. A un i t m a y be 
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played in h o t , cold, d ry , h u m i d , or dus ty places. It 
m a y be used in a h o t spring resor t , in a volcanic area 
w h e r e h a z a r d o u s gas such as h y d r o g e n sulfide, 
H 2 S O 3 , exis ts , o n a salty sea coast , or in a dus ty 
deser t . T r a n s p o r t a t i o n cond i t i ons should also be 
cons idered . H u m i d i t y and t e m p e r a t u r e in a b o a t 
m a y some t imes rise very high. V ib ra t i on and shock 
m a y be in tense on t ra ins and t rucks . Shock is com
m o n dur ing loading and unloading . Piling u p of 
p r o d u c t s in warehouses p u t s high pressure on the 
b o t t o m un i t s . T h e p r o d u c t m a y be used in termi t 
t e n t l y or c o n t i n u o u s l y , it m a y be left unused for a 
long t ime w h i c h will also cause t r oub l e . T o improve 
it in rel iabil i ty, all of these cond i t i ons are considered. 
Rel iabi l i ty tests u n d e r ha rd cond i t i ons are be ing 
m a d e as fol lows: 
As expla ined before , qua l i ty should be cons idered 
n o t on ly at t he shipping stage from t h e factory , b u t 
also after use b y cus tomer s . 
In o t h e r w o r d s , qua l i t y character is t ics are i m p o r t a n t 
n o t on ly in t h e early stages b u t also w i t h t h e passing 
of t ime . 
Th is qua l i ty is called re l iabi l i ty . 
The re fo re , ou tgo ing qua l i ty assurance mus t be 
cons idered qua l i ty c o n t r o l in a shor t - te rm sense 
t oge the r w i t h rel iabi l i ty con t ro l . (When we say 
"Qua l i ty c o n t r o l " at P ioneer , it m e a n s bo th qual i ty 
con t ro l and rel iabi l i ty con t ro l . ) 
In a na r row sense, qua l i ty c o n t r o l is pe r fo rmed b y 
t h e QC division in the fac to ry , b u t in a wider sense, 
it is re la ted t o all divisions: merchandise-p lanning , 
designing 1, m a n u f a c t u r i n g , inspec t ion , sales, service, 
and t h e n again back t o p lann ing and designing. 

QUALITY CONTROL o 
RELIABILITY CX)NTROL 

O 
QUALITY ASSURANCE 

Fig. 5 What's quality assurance? 
Qual i ty con t ro l con t inues even af ter t h e sale. 
This is especially i m p o r t a n t w h e n t roub le s are con
c e n t r a t e d in a par t icu la r p r o d u c t . When a p r o d u c t is 
used in var ious coun t r i e s , n o t on ly d o the envi
r o n m e n t a l cond i t i ons differ, t he peop le differ as 
well, so the assessment is also var ied. 
In fact , even if a p r o d u c t is n o t t r o u b l e s o m e in place 
A or B, it can be t r o u b l e s o m e in place C. T h e im
p o r t a n c e of qua l i ty i n f o r m a t i o n from the m a r k e t 
is no t l imited to t roub les t ha t are c o n c e n t r a t e d in 
a par t icu la r p r o d u c t . 
Effor ts t o improve all p r o d u c t s are cons t an t ly re
qu i red . 
Please see Fig. 6. 
This g raph shows all t he ma l func t ions r e p o r t e d by a 
certain c o u n t r y classifying t h e m by s y m p t o m s . 
(This is called the Pa re to char t in QI te rms) 

Fig. 6 Pareto chart 

PHENOMENON < 50 
20% 
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200 units 
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defect 

Defective 
rate 

Accumu
lation 

Sensing SW faulty 231 27.4% 27.4% 

Head leads came off 140 16.6 44.0 

Electrical adj faulty 92 10.9 54.9 

Motor faulty 44 5.2 60.1 

FF & REW not working 44 5.2 65.3 

Dolby SW spring broken 39 4.6 69.9 

Mechanical noise at PLAY 28 3.3 73.2 

Wow 

Csj 2.5 75.7 

Fuse blown 17 2.0 77.7 

P/R Head faulty 16 1.9 79.6 

Others 170 20.4 100 J 



T h e aim of qua l i ty i m p r o v e m e n t is t o r educe mal
func t ions (occu r rence of t roub les ) . F o r t h a t p u r p o s e , 
we have to k n o w w h a t t o begin wi th . This char t tells 
us immed ia t e ly w h a t t o d o first. 
F o r ins tance , failure can be r e d u c e d by 4 4 % b y re
moving defects in t h e sensing swi tch and head leads . 
A n d a lmos t 5 5 % of t h e failures can be r educed b y 
removing t h e th i rd cause, faul ty ad jus tmen t . 

Why is Qual i ty I n f o r m a t i o n Requ i r ed F r o m the 
Marke t? 
By reading this far, y o u m a y a l ready k n o w t h e 
answer . 
Qua l i t y con t ro l is based on ac tual qua l i ty infor
m a t i o n . T h a t ' s the i m p o r t a n c e of qua l i ty infor
m a t i o n from the m a r k e t . T h e basic t h o u g h t beh ind 
qua l i ty assurance is t o gua ran tee t he func t ion of a 
p r o d u c t . 
Q u a l i t y con t ro l is pe r fo rmed exac t ly for this reason. 
A n d the reason w h y " re l i ab i l i ty , " a single qua l i ty 
character is t ic , is par t icu lar ly stressed in this art icle 
is tha t it is m o s t re la ted to the m a r k e t , and is the 
biggest conce rn for cus tomers and us . 
When consider ing t h e ac tual measures t a k e n for 
qua l i t y assurance, the first s tep concerns the activi
ties in the fac tory whi le the second s tep begins w i t h 
collect ing and analyzing da ta on p r o d u c t qua l i ty in 
the m a r k e t . 
All efforts t o improve qua l i ty have to be verified as 
t o w h e t h e r t hey are valid or n o t . 
In o t h e r w o r d s , it is requis i te t o unde r s t and the 
qua l i ty of t he cur ren t mode l s on t he m a r k e t , and to 
t ake ac t ion to solve a qua l i ty p r o b l e m if it occurs . 
T h e r e are t w o th ings to d o : repa i r defective prod
uc t s , and prevent r ecur rence of the t roub le . 
Repai rs are a r o u t i n e m a t t e r , b u t p r even t ion of 
defect recur rence is n o less i m p o r t a n t t h a n repair . 
In a na r row sense, p reven t ion of t roub le recur rence 
m e a n s to p revent a repaired p r o d u c t from develop
ing faults again. 
Bu t in this chap te r , it m e a n s ac t ions t a k e n t o elimi

na t e t he real cause of the t r o u b l e at t he p r o d u c 
t i o n stage b y first r epor t ing t h e qua l i ty inform
a t ion of p r o d u c t s on the m a r k e t . 
(This is called feedback of qua l i ty i n fo rma t ion . ) 
As exp la ined above , w h e n some k inds of informa
t ion , such as m o d e l n u m b e r , t o t a l defec ts , details of 
defects , n u m b e r of respect ive defec ts e t c . are 
r e p o r t e d , t h e p rob l em of w h a t is t o be d o n e be
c o m e s obvious . 
A m u s t for qua l i ty i m p r o v e m e n t and problem-solv
ing is n o t rough-and- ready guesswork , b u t specific 
i n fo rma t ion based o n facts. 
This is w h y qua l i ty i n fo rma t ion f rom t h e m a r k e t is 
requ i red . 
He re , t he Pa re to Char t is s h o w n as an example of 
p r o b l e m analysis . T h e r e are o t h e r m e t h o d s used , 
such as t he cause and defect d iagram, h i s togram, 
d i s t r ibu t ion char t , con t ro l char t , e t c . . 
These m u s t be used p r o p e r l y in t h e analysis of 
every p r o b l e m . 
P re sen ta t i on of the detai ls of these m e t h o d s are 
o m i t t e d since it is n o t t h e p u r p o s e of th is ar t ic le . 

Then What Kind of Information is Required? 
In any case, a t least , m o d e l n u m b e r , serial n u m b e r , 
detai ls , and causes of ma l func t ions , q u a n t i t y of 
defects , and defect ra te are a lways indispensable . 
F o r y o u r i n fo rma t ion , please refer t o t h e examples 
a t t ached at the end. In the case of qua l i ty infor
m a t i o n , defective samples or p h o t o g r a p h s will be 
helpful in solving the p r o b l e m . 
In case of r epor t ing ma l func t ions , please sum t h e 
resul ts of m o n t h l y repair by category and mode l 
(on ly cur ren t mode l s ) . 
Y o u r regular i n fo rma t ion is highly apprec ia ted . 

QI Processing System in T o k y o 
With t h e above knowledge , qua l i ty da t a m u s t be 
processed efficiently and effectively. I n f o r m a t i o n 
such as QI and r epor t s of ma l func t ion flow as 
be low. 

USA, Central & South America 
Europe, Australia 
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Q F s from USA, E u r o p e , Austral ia and Centra l and 
S o u t h Amer i ca are mai led t o T o k y o via our sub
sidiaries and those f rom the o t h e r areas, di rect ly . 
In t he Service Sec t ion , we check t h e da ta t o see 
w h e t h e r it is n e w , i m p o r t a n t , and comple t e and 
send it t o t h e factories conce rned . In case of QI , we 
m a k e s imula t ions , conf i rm the causes and recom
m e n d coun te rmeasu re s . 
T h e n , an answer to QI indicat ing coun te rmeasu res 
is sent t o t h e par t ies conce rned . 
N o answer is given to the r epo r t of mal func t ion . 
However , t he r e p o r t is i m p o r t a n t and y o u r supply
ing it is highly apprec ia ted . 
Fig. 8 is t h e flow char t of t he ac t ion t aken after 
receiving Q I . 

We learned a b o u t qua l i ty , QC a n d QI in this series. 
Did y o u learn any th ing new? S o m e of y o u m a y be 
doub t fu l a b o u t helping us in t h e Q C j o b . But , f rom 
a b road p o i n t of view, y o u will find it is i m p o r t a n t . 

Qua l i ty i m p r o v e m e n t is p ro f i t ab le t o consumers , 
and t o d i s t r ibu tors for increas ing sales and decreas
ing service cos ts . Be t t e r design and mater ia ls will 
decrease p r o d u c t i o n costs w h i c h is p rof i tab le t o t h e 
consumer s as well as t o t h e d i s t r i bu to r s , and m a n u 
fac turers , d i s t r ibu to rs , c o n s u m e r s : all t he t h r ee 
par t ies need t o he lp each o t h e r . We are all in t h e 
same b o a t in a sense. Le t us d o o u r bes t for a b e t t e r 
fu ture . 
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Photo 3 
Continuous operation test for car stereos. 

Photo 5 
Vibration test for turntables. 

Photo 2 
Performance evaluation test of a speaker system. Al l charac
teristics are measured in an anechoic room. 

Photo 4 
Continuous operation test for cassette decks. 

Photo 6 
Drop test for speaker systems. 

Photo 1 
Outgoing inspection of tape decks. 



Photo 7 
Temperature & humidity-controlled chamber for en
vironment test. 

Photo 8 
We, the International Service Section, also do separate 
quality-checks when necessary. 

Photo 11 
Finding the cause of trouble reported from the field. This 
photo shows the precise distort ion measurement of the 
speaker's voice coil sent as a sample. 

Photo 12 
Various kinds of quality information incoming and out
going. 

Photo 9 
Data-summing of service reports sent f rom the field. 

Photo 10 
Regular QC meeting at the factory. Quality information 
from the field and factory is exchanged. 







Understanding More About Raidio Waves 
In this issue, we will a t t e m p t t o shed some light on 
t h e perp lexing m a t t e r of h o w radio waves are t rans
m i t t e d t h r o u g h air. It wou ld be simple if we could 
say tha t "because it is sent t h rough air, it is a radio 
w a v e . " Bu t th ings a ren ' t t ha t s imple. Fi rs t , w e m u s t 
cons ider the character is t ics of e lec t romagnet ic waves. 
I t was once t h o u g h t t ha t th ree-d imens iona l space 
was m a d e u p of e i ther air or a vacuum of e ther , and 
t ha t it was t h r o u g h this e the r m e d i u m tha t e lect ro
magne t i c waves were t r ansmi t t ed . However , t he new 
school of t h o u g h t is t ha t the physical character is t ics 
of space enable b o t h light and e lec t romagne t i c 
waves to pass t h rough i t . A l t h o u g h this can be said 
of t h e space we k n o w , there m a y still be some space 
t h r o u g h which rad io waves will n o t pass. It is also 
general ly t h o u g h t t h a t light travels in a s traight l ine, 
and as the wavelength of e lec t romagne t ic waves 
b e c o m e s shor ter , the i r character is t ics , t o o , begin t o 
resemble tha t of light. But we also k n o w tha t light 
is b e n t by gravity. So , b y de te rmin ing the t rue 
character is t ics of e l ec t romagne t i c waves, we will be 
able t o unravel the mys te r i e s of space itself. And 
t h a t t ime is fast approach ing . 

D o Radio Waves Travel in Straight Lines? 
Since the speed of e lec t romagne t i c waves equals 
t ha t of l ight, i.e. 3 0 0 , 0 0 0 k m per second, they pass 
a r o u n d the ea r th seven and a half t imes every second. 
If rad io waves were n o t refracted, ref lected, dif
fracted or b e n t , this " f a c t " wou ld n o t be t rue . 
Ju s t as light is refracted by a lens, so t o o are e lect ro
magne t i c waves. (Light is a k ind of e lec t romagne t i c 
wave.) 

Fig. 1 

A rad io wave, wh ich is a kind of e l ec t romagne t i c 
wave, is also refracted by a lens. 
What k ind of cond i t ions , t hen , ref lect and refract 
e l ec t romagne t i c waves? If y o u r e m e m b e r back t o 
y o u r science class at school , y o u will recall learning 
h o w rad io waves travel in s traight l ines w h e n passing 
t h r o u g h the same m e d i u m u n d e r c o n s t a n t condi
t ions . However , th is does no t ho ld t rue w h e n the 
m e d i u m changes , and ref lect ion and refract ion 
occur . 
If y o u look at Fig. 1, y o u m a y recall t h e t heo ry 
wh ich s ta tes t ha t the angle of inc idence is equal to 
the angle of ref lect ion. Here it is s h o w n as 6t = 0 2 . 
All rad io wave energy, however , is n o t ref lected. 
Par t of it goes t h r o u g h a n o t h e r m e d i u m in t h e form 
of a refracted wave. T h e angle of th i s refracted wave 
is d2, and sin dt divided by sin d2 is cons tan t . 
If t he n e w m e d i u m is a perfec t c o n d u c t o r (wi th a 
resistance of 0 ) , t he refracted wave b e c o m e s zero 
and the inc iden t wave is reflected 100%. 
When the m e d i u m is a me ta l of a lmos t perfect 
c o n d u c t a n c e , vir tual ly all of t he e l ec t romagne t i c 
wave energy is ref lected, and t h e ra t io of energy 
absorbed by t h e m e d i u m ( t ransmiss ion factor) 
b e c o m e s low. As the conduc t iv i ty decreases , or t he 
resis tance of the m e d i u m increases, t he ref lect ion 
fac tor d rops , while the t ransmiss ion fac tor rises. 
Which explains w h y w o o d e n bui ldings are b e t t e r for 
receiving radio waves t h a n those m a d e of ferro
concre te . These ref lect ion and t ransmiss ion factors 
are also re la ted t o wave frequencies . T h e higher the 
f requency b e c o m e s , t h e higher t h e ref lect ion factor, 
w i th a co r respond ing d r o p in t he t ransmiss ion factor 
of the new m e d i u m after ref ract ion. This is w h y AM 
recep t ion is b e t t e r t h a n FM in fer ro-concre te build
ings. Referr ing back t o Fig. 1, t he re la t ion of t he 
angle of inc idence t o t h a t of ref ract ion is expressed 
as: 

sin 61 n 2 

= — = n 1 2 sin 62 n1 

This is called "Snel l ' s l aw." In t h e equa t ion , n r and 
n 2 r epresen t t h e refractive indices of m e d i u m 1 and 
2 in a v a c u u m , while n 1 2 r epresen ts the relative 
refractive indices of m e d i u m 2 against 1. Once you 
have de t e rmined the relative refractive indices, y o u 
will k n o w h o w t h e rad io wave is refracted after in
c idence . Using Snell 's law, y o u can ob ta in t he angle 
of refract ion based on the angle of inc idence . 

Behavior of Electromagnetic Waves 
in the Ionosphere 
T h e ionosphere is an area of space wh ich has a th in 

Medium 1 

Medium 2 



a t m o s p h e r e ionized b y energy rad ia ted from t h e 
sun, and i ts refractive index is less t h a n 1. The re
fractive i n d e x is lower in t h e denser z o n e and gradu
ally increases as the air gets m o r e rarefied unt i l it 
equals t ha t of a v a c u u m . So w h a t h a p p e n s , t hen , 
w h e n e l ec t romagne t i c waves are b e a m e d at the 
ionosphere? In p o i n t of fact , t hey are con t inuous ly 
ref rac ted , t he r e being li t t le reflective c o m p o n e n t , 
back to t he surface of the ea r th . F o r example , w h e n 
a rad io wave is sent at a cer ta in angle, as shown in 
F ig . 2, t h e angle of ref rac t ion is bigger t h a n tha t of 
inc idence , as t he refractive index of t he ionosphere 
is less t h a n 1, and the wave is refracted d o w n w a r d . 

Surface of the earth 

Fig. 2 

T h e far ther the rad io wave p e n e t r a t e s in to the iono
sphere , t h e smaller t he refractive index becomes . As 
a result , r ad io waves are c o n t i n u o u s l y b e n t , forcing 
t h e m t o fol low t h e curva ture o f the ear th and 
finally descending t o its surface. However , as y o u 
k n o w , t h e h igher t h e angle a r ad io wave is sent at , 
t he far ther i n t o t h e i onosphe re it will reach before it 
descends . Moreover , w h e n t h e waves reach a cer ta in 
height in t h e i o n o s p h e r e , t he refractive index s tar ts 
to increase again and the refractive cond i t ion is 
reversed. This p e r m i t s some of t h e rad io waves to 
pass right on t h r o u g h the i onosphe re . T h e f requency 
of these waves is called t h e " p e n e t r a t i o n frequency,*' 
and e l ec t romagne t i c waves wh ich have a higher 
f requency pass t h r o u g h the i onosphe re and never 
r e tu rn t o ea r th . 

Skin Effect on Conductors, Bone Effect on 
Dielectrics" (Insulators) 
When y o u hea r t h e t e r m "h igh- f requency a l ternat ing 
c u r r e n t " ( rad io waves in air), t he express ion " sk in 

e f fec t " au tomat i ca l ly c o m e s t o m i n d . H o w e v e r since 
th i s express ion is well k n o w n , w e shall l imit ou r 
e x p l a n a t i o n here t o t he " b o n e e f fec t . " This phe 
n o m e n o n was n a m e d by Dr . H i k o s a b u r o A t a k a and 
it is t h e reverse of skin effect. W h e n a high-frequency 
a l te rna t ing cur ren t is appl ied t o a die lectr ic , t h e 
s t reng th of t h e electr ic field is increased at i ts 
cen te r . Th is energy is changed t o hea t in t he di
electr ic and c o n s u m e d as such . T h e cen te r of t he 
dielectr ic is also swelled by the hea t (e.g. ebon i t e ) . 
A die lect r ic , therefore , has t h e abi l i ty t o change 
e l ec t romagne t i c wave energy i n t o hea t . Tha t is, a 
die lectr ic absorbs e l ec t romagne t i c waves. As a resul t , 
some wave absorbers are ac tua l ly m a d e of dielectr ic 
mater ia l . 
This is basically h o w e l ec t romagne t i c waves behave . 
N o w , let us cons ider w h a t an e l ec t romagne t i c wave 
is. 

What is an Electromagnetic Wave? 
T o d a y , e l ec t romagne t i c waves m a k e t e l ephone , 
r ad io , TV and m a n y o t h e r fo rms of c o m m u n i c a t i o n 
possible . But the i r ex i s tence w a s n o t conf i rmed in 
t h e same m a n n e r as o t h e r discoveries . Ins tead , t h e y 
were theore t ica l ly p red i c t ed . T h e theor i s t was 
Maxwel l of England , and h e p red ic t ed thei r ex
is tence in 1865 . Her t z of G e r m a n y is c redi ted w i t h 
ac tual ly genera t ing an e l ec t romagne t i c wave in 1887 . 
B u t it was t he f a m o u s I ta l ian, Marcon i , w h o invented 
t h e ea r thed a n t e n n a and succeeded in c o m m u n i c a t 
ing b y m e a n s of rad io waves. 
T h e fol lowing is a br ief e x p l a n a t i o n of MaxwelPs 
t h e o r y : 
a) Magne t i c f i e l d p r o d u c e d b y an e lec t r i c c u r r e n t 

f l o w i n g t h r o u g h a c o n d u c t o r 
This occurs accord ing t o " A m p e r e ' s r ight -handed 
screw r u l e , " w h i c h ho lds t h a t a magne t i c field takes 
t h e form of a circle, ro t a t ing in t h e d i rec t ion of t h e 
electr ic cu r ren t as it flows t h r o u g h a c o n d u c t o r . This 
is called a c o n d u c t i o n cu r ren t . T h e s t rength of the 
magne t i c field decreases in inverse p r o p o r t i o n t o t h e 
square of t h e d is tance it is away from t h e electr ic 
cu r ren t . This is called Biot-Savar t ' s law. 

Magnetic field 

Current 

Fig. 3 



b) Displacement current 
In addition to conduct ion current, there is also 
convect ion current, which is produced by the elec
tric charge generated when substances move , and 
displacement current (or dielectric flux current), 
which occurs when a dielectric is placed in an elec
tric field. Convection current is that which is gener
ated when flowing gaseous particles are charged 
(by an ionic charge, for example) , or is current-
collecting static electricity. However, it is displace
ment current that presents a problem for electro
magnetic waves. 
Expressed simply, displacement current is the elec
tric current flowing in an insulator. As shown in 
Fig. 4, connecting batteries to the electrodes at each 
end of a capacitor immediately causes an electric 
current to flow, and then stop. This is because direct 
current will not flow through a capacitor. But 
connecting an alternating current source to the 
capacitor will cause the alternating current to flow 
in proportion to its frequency. 

Fig. 4 

N o w , there is nothing surprising in the fact that 
alternating current flows through a capacitor. What 
is strange, however, is that insulators exist be tween 
the electrodes o f a capacitor. And, as their name 
implies, they are supposed to insulate electric 
current. 

Piston 

This is a very interesting p h e n o m e n o n which de
serves some explanation. To do this, we will use the 
example shown in Fig. 5. Here, water A and water B 
are contained between a piston and a film, and the 
piston is made to move back and forth toward A 
and toward B. As the piston moves , water A or B is 
forced down, causing the film t o swell on the left 
or right as the case may be. Looking at the move
ment o f the water, it appears to be flowing up and 
down. However, each body o f water is actually 
moving separately, being isolated by the piston and 
the film. 
Comparing this wi th the electric current flow in a 
capacitor, the film represents the capacitor, while 
the water corresponds to the electric current. The 
piston plays the role of the alternating current 
source. Accordingly, even if the capacitor (the film) 
is insulated, when the alternating current source 
(the piston) is connected, or in this case made to 
move , electric current (the water) f lows back and 
forth in an alternating manner. This is why the 
electric current flow in an insulator is referred to as 
displacement current, 
c) Radiation of electromagnetic wave 
A magnetic field occurs in circles around the current 
according to Ampere's right-handed screw rule. In 
addition, conduct ion current runs in the conductor 
when displacement current, which I explained above, 
f lows in the insulator. Conversely, as the direction and 
the strength of displacement electric current changes, 
so the magnetic field which occurs around it also 
changes. According to Faraday's law on electro
magnetic induction, when the magnetic field in
creases, an electric field occurs in the same direction 
to prevent an increase of magnetic field (the magnetic 

Magnetic field Magnetic field 
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field occurs at r ight angles t o t he electr ic field), and 
also w h e n t h e magne t i c field decreases , an electr ic 
field appears in t he same d i rec t ion t o p reven t the de
crease in magne t i c field. F u r t h e r m o r e when t h e 
e lectr ic field changes , a co r respond ing magne t i c field 
appears at r ight angles t o t h e electr ic field. Con
sequen t ly " t h e change in t h e magne t i c field induces 

an electr ic field and t h e change in t h e electr ic field 
induces a magne t i c field and a n o t h e r electr ic field 
and y e t a n o t h e r magne t i c field, spreading in space 
like a l inking chain at r ight a n g l e s . " Th i s chain of 
e lectr ic field and magne t i c field, spreading i n t o 
space, is rad ia t ing e l ec t romagne t i c energy , n a m e l y 
rad io waves. 

Electric field Electric field Electric field 

Displacement current 

Fig. 7 

d) Plane o f p o l a r i z a t i o n 
N e x t , let us discuss ea r thed a n t e n n a s and the p lanes 
of po la r iza t ion . T o begin wi th , as shown in Fig. 8 
(1 ) , w h e n an AC voltage is appl ied to capac i tor C, a 
d i sp lacement cu r ren t flows in t h e capaci tor and 
electr ic waves are rad ia ted . Fig. 8 (2 ) shows a capaci
t o r fo rmed by a pai r of c o n d u c t o r s and air (air also 
be ing a k ind of d ie lect r ic) . Spreading the t w o 
c o n d u c t o r s is shown in (3 ) , whi le (4 ) shows an ea r th 

be ing used in place of o n e of t h e t w o c o n d u c t o r s . In 
o t h e r w o r d s , if an a l te rna t ing cu r r en t is applied t o 
a capac i to r consis t ing of an e a r t h and c o n d u c t o r s , a 
d i sp lacemen t cur ren t will f low b e t w e e n the ea r th 
and o n e of the c o n d u c t o r s . As a resul t , a rad io wave 
is effectively radia ted w h i c h can be sent a fairly long 
way . Th is k ind of c o n d u c t o r is called an an t enna , 
and w h e n o n e of the t w o c o n d u c t o r s is ea r thed , it is 
called an ear thed a n t e n n a . 
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When t h e d i sp lacement cu r r en t genera ted b y an 
ea r thed a n t e n n a flows at r ight angles t o t h e g round , 
a magne t i c field occurs a t r ight angles t o t h a t o f t h e 
cu r ren t . Moreover , an electr ic field also occurs at 
r ight angles t o t he magne t i c field. C o n s e q u e n t l y , 
magne t i c fields are a lways paral lel t o t he g r o u n d , 
and electr ic fields are a lways at r ight angles t o it. 
T h u s , t he re la t ionship b e t w e e n the t w o remains 
cons t an t . A n d the p lane in w h i c h electr ic fields 
oscil late is called t h e p lane of po la r i za t ion . In this 
case, it is called a vert ically polar ized wave. 
When the d i sp lacement cu r ren t flows parallel w i th 
t h e g round , t h e electr ic field also oscil lates parallel 
w i th i t , t o o . In this case, it is called a ho r i zon ta l ly 
polar ized wave. F o r e x a m p l e , a med ium-wave AM 
broadcas t uses vert ical ly polar ized waves , whi le an 
F M broadcas t o n t he V H F b a n d uses hor i zon ta l ly 
polar ized waves. 
In t h e u p c o m i n g issue, we will ta lk a b o u t t h e p ro 
paga t ion of rad io waves. 
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AUDIO MEMO 
Loudness and frequency differential threshold of 
the human ear 
When a sound having a cer ta in un i fo rm loudness is 
boos t ed o r a t t e n u a t e d , t he h u m a n ear ' s sensitivity 
t o the change is referred t o as its loudness threshold. 
T h e loudness th reshold represen ted by changes in 
sound vo lume is shown in Fig. 1. As the char t 
indicates , w h e n the sound pressure level is u n d e r 

5 0 d B , t he loudness t h r e sho ld level rises as t h e 
sound pressure level and f r equency get lower. When 
t h e sound pressure level b e c o m e s m o r e than 5 0 d B , 
t h e loudness th reshold r ema ins c o n s t a n t , regardless 
of the f requency, and s tays u n d e r l d B t h r o u g h o u t 
t he ent i re aud io range. At a loudness th reshold of 
4 k H z , sensitivity is a small 0 . 2 d B . 

Sound pressure level I (dB) 

Fig. 1 Loudness threshhold level 
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On the o t h e r hand , w h e n a sound of a cer ta in uni 
form f requency (f) is shifted b y ± ( A f ) , t he recogniza
ble difference is referred t o as t he f requency dif
ferential th resho ld . T h e f requency differential 
th resho ld of a p u r e t o n e , represen ted by A f/f , is 
shown in Fig. 2 . As y o u can see, w h e n the f requency 

is be low 5 0 0 H z , t he th resho ld increases as t he fre
q u e n c y gets lower , and w h e n the f r equency is higher 
t h a n 5 0 0 H z , it b e c o m e s c o n s t a n t . In case t h e 
f requency is 1kHz and the s o u n d pressure level is 
6 0 d B , A f / f is a p p r o x i m a t e l y 0 . 0 0 3 , and even a fre
q u e n c y difference of 3Hz is d e t e c t a b l e . 

This , however , only appl ies t o pu re sounds . In t h e wh ich case, a sensitivity level of 0 .0002 / /ba r repre-
case of c o m p l e x sounds , such as voices and mus ic , sents OdB. 
t h e recognizable th reshold level b e c o m e s higher , in 
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Fig. 2 Frequency threshhold level of pure sounds 



Q & A 
I have been a music-lover for some t ime now, and 
have o w n e d P ioneer e q u i p m e n t for several years . 
Unt i l r ecen t ly , I was using a PL-71 t u rn t ab l e , an 
SX-1010 receiver, and t w o CS-99A speakers . A b o u t 
th ree weeks ago we moved to a new place , and in a 
sudden rush of generos i ty I gave m y son the SX-
1010 and the t w o speakers . In place of t h e m I 
b o u g h t t he SPEC-1 and SPEC-2 wi th a pair of y o u r 
new HPM-150 speakers . 
Accord ing t o the salesman where I b o u g h t the new 
e q u i p m e n t , the so-called N O M I N A L I N P U T POWER: 
125 W A T T S , indica ted in speaker specif icat ion of 
the HPM-150 is equivalent to MAXIMUM INPUT 
POWER: 2 5 0 W A T T S , w h i c h was in use before , 
I w a n t to say t ha t I 'm very satisfied wi th the sound , 
b u t s o m e w h a t puzz led by the fact t ha t the maxi 
m u m vo lume of m y new e q u i p m e n t sounds a b o u t 
t he same as m y older e q u i p m e n t . N o t t ha t I l isten to 
mus ic at t o p vo lume , of course . 
Specifically, t he MAXIMUM I N P U T POWER of t he 
CS-99A is 100W and the MAXIMUM O U T P U T 
POWER of the SX-1010 is lOOW/Channel RMS. The 
MAXIMUM O U T P U T POWER of the SPEC-2 is 2Vi 
t imes greater than the SX-1010 so I feel tha t m y 
new e q u i p m e n t should be giving m e m o r e sound 
than the old. Can y o u he lp me solve this puzzle? 
Y o u r s t ru ly , 
Wickham Smi th Mt. Kisco, New York 

Answer : We receive ques t ions l ike this one all t he 
t ime , and we suspect t h a t the reason for the confu
sion is in large par t due to c o n s u m e r s ' inabi l i ty t o 
u n d e r s t a n d the mean ing of speake r specif icat ions. 
A speaker , of course , is a t r a n s d u c e r wh ich changes 
electrical energy in to acous t i c energy by vibrat ing 
the air. When consider ing l oudnes s , we have to t ake 
in to accoun t t he convers ion efficiency of the speak
er as well as t he i n p u t power . 
In b rochure s , we see specs l ike " S E N S I T I V I T Y . . . . 
X X d B / W . " This indica tes the efficiency of the speak
er. But t o b e t t e r u n d e r s t a n d the sensit ivity of a 
speaker , let 's look at the def in i t ion : Sensit ivi ty is 
measured in an anecho ic r o o m u n d e r specified 
cond i t ions as shown in Fig. 1. T h e m i c r o p h o n e is 
p laced at a d is tance of one m e t e r on-axis from the 
speaker enc losure . T h e i npu t vol tage applied t o t h e 
speaker is 1W, adjusted for t h e ra ted impedance 
of the speaker . 

Fig. 1 The measurement of a speaker system 
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U n d e r t he cond i t ions shown in Fig. 1, t he sound 
pressure levels measured at 1 m e t e r from t h e speaker 
are recorded w i t h con t inuous ly varying frequencies 
( see Fig. 2 ) . 
T h e sound pressure is measu red and expressed in d B , 
w i th a OdB reference p o i n t being 0.0002jubar. 
The re fo re : 

S = 2 0 l ° S 0 .0002Mbar 
[S: Sound pressure level (dB) 
P: Sound pressure (/ibar = d y n e / c m 2 )] 

This OdB s tandard of 0 .0002 / iba r is cons idered to be 
the m i n i m u m sound pressure level t ha t m a n can 
hear , and so has been a d o p t e d as the i n c r e m e n t of 
m e a s u r e m e n t . 
F r o m the cha r t showing f requency character is t ics 
of o u t p u t sound pressure measured using the process 

jus t descr ibed , we t ake m e a s u r e m e n t s at four 
prescr ibed f requencies , average t h e m , and t hen t ake 
t h e resul t for the publ i shed sensi t ivi ty specif icat ion. 
There fo re : 

So_ s2 +s2+s3+s4 

[So: O u t p u t sound pressure level (dB) 
Sj ~ S4: Sound pressure levels (dB) at 4 
f ixed-point f requencies] 

T h e four fixed frequencies a re usual ly 3 0 0 H z , 
4 0 0 H z , 5 0 0 H z , and 6 0 0 H z (bu t if t he re is a peak or 
d ip in f requency response at o n e or m o r e of these 
po in t s , t hey m a y be shifted a l i t t le t o get a m o r e 
un i fo rm reading) . 

Reference frequencies 

Fig. 2 Calculation of output sound pressure level 
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So taking w h a t we n o w k n o w a b o u t measur ing 
sensi t ivi ty, le t ' s calculate the sound pressure level at 
t h e m a x i m u m inpu t p o w e r for each speaker sys tem 
here . 
S o u n d pressure ob t a ined w i t h a speaker is in p ro 
p o r t i o n to the i npu t p o w e r fed t o the speaker . 
So the sound pressure ob ta ined from m a x i m u m 
power , Po m a x (jubar), is: 

Po max =Po x Pi m a x 
[Po: O u t p u t sound pressure (//bar) at 1W 
input p o w e r 
Pi m a x : M a x i m u m inpu t p o w e r (W)] 

Accord ing ly , w h e n the resul ts are expressed in 
decibles (dB) , the e q u a t i o n reads: 

So m a x = So + 10 log Pi m a x 
[Po: O u t p u t sound pressure level (dB) 
at 1W inpu t p o w e r ] 

So the m a x i m u m sound pressure levels ob ta inable 
wi th the CS-99A and the HPM-150 are ob ta ined as 
fol lows: 

CS-99A: So m a x = 9 7 + 1 0 log 100 
= .97 + 2 0 = 117 (dB) 

H P M - 1 5 0 : So m a x = 9 2 . 5 + 1 0 1 o g 2 5 0 
= 92 .5 + 2 4 = 116.5 (dB) 

(Nomina l I n p u t P o w e r , d o n ' t forget , is rough ly 
equivalent t o half t he o lder M a x i m u m I n p u t Power , 
w h e n referring to the HPM-150 i.e. 125W.) 
Our ca lcula t ions show t h a t t h e difference b e t w e e n 
sound pressures ob ta inab le at m a x i m u m i n p u t 
p o w e r is 0 .5dB, vir tual ly imposs ib le t o sense wi th 
h u m a n ears. T h a t ' s t he reason t h a t Mr. Smi th had 
such difficulty hearing any dif ference in sound levels 
b e t w e e n his t w o sys tems. 
In closing, as a reference , t h e o u t p u t sound pressure 
levels at 1W of inpu t p o w e r are given be low. 
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Fig. 3 Output sound pressure level at 1W input power and conversion efficiency 



IN THE NEXT ISSUE 
1 . New T e c h n i q u e s .Non-swi tch ing Amplif iers 
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Editor's Note 
A n o t h e r year has a lmost passed and 1978 is qu ick ly 
b e c o m i n g jus t a m e m o r y . Bu t it will be a good 
m e m o r y for those of us w h o have the pleasure of 
con t r ibu t ing to T u r n i n g Fork. A t this t ime of year 
t h e Japanese people are hust l ing to get cleared away 
in the old year to br ing in the new wi th a clean slate. 
F r o m our office in T o k y o ' s Meguro distr ict we can 
see snow-capped Mt . Fuji , and like all J apanese , we 
are very moved by the sight. We reflect back on the 
old year and plan for the new one as we h o p e you 
are doing—accompanied by the sound of y o u r s tereo 
sys tems . 

We w a n t t o t h a n k y o u for y o u r response to this 
y e a r s ques t ionna i re , and we will m a k e every effort 
t o respond t o the suggestions y o u have m a d e . 
Best of luck in the New Year . 
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A. Kogir ima 
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