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FUNDAMENTALS OF 

COLOR TELEVISION 
In the previous article it was shown 

that the minimum amount of informa-
tion which must be transmitted to 
provide pleasing color pictures con-
sists of a special brightness signal 
and two color-difference signals. The 
brightness signal contains video fre-
quency components ranging from 
zero to approximately 4 mc. The color-
difference signals consist of a 0-500 
kc signal which provides blue chro-
maticity information and a 0-1.5 mc 
signal which provides red chromaticity 
information. 

It might be well to state at this 
point that in the NTSC color televi-
sion system the color-difference sig-
nals are not transmitted in their 
original form. Before transmission 
they are modified, to produce two new 
signals referred to as I and Q. The 
formation and purpose of the I and 
Q signals will be discussed in a later 
article. For the present we will con-
tinue to assume that the red and blue 
color-difference signals are transmit-
ted, since this simplifies explanation 
of the techniques used to transmit 
and recover the chrominance infor-
mation. 

To transmit the complete color tele-
vision signal within a 6-mc channel, 
the color-difference signals must share 
the same channel as the brightness 
signal. If all three signals were used 
to simultaneously modulate the video 
r-f carrier, sideband components of 
both of the color-difference signals, 
and the brightness signal, would be 
present at frequencies within 500 kc 
of the carrier. At frequencies between 
500 kc and 1.5 mc, components of 
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Figuer 1. Circuits required to insert the narrow band chrominance information in 

the higher frequency portion of the brightness pass band. 

the brightness signal and the wide-
band color-difference signal would be 
present. Interference between the 
three signals would therefore occur 
primarily at frequencies below 1.5 
mc. Since these frequencies represent 
the large and intermediate size de-
tails in the picture, the interference 
would be coarse in structure and ex-
tremely objectionable. 

Frequency Multiplexing 

If the color-difference signals are 
shifted to the high-frequency end of 
the spectrum occupied by the bright-
ness signal, the interference between 
the signals will produce a much finer 
and thus less objectionable visible pat-
tern. The technique employed to shift 
the frequency band occupied by the 
color-difference signals is referred to 
as "frequency multiplexing." The cir-
cuits required to shift one of ,the 
color-difference signals ( the narrow-
band signal) to the higher frequency 
end of the brightness pass-band are 
shown in block diagram form in 
figure 1. 

The narrow-band, blue color-dif-
ference signal is applied to a balanced 
modulator circuit. An oscillator sup-
plies a 3.58-mc signal which is also 
applied to the balanced modulator. 
This 3.58-mc signal, referred to as 
the "subcarrier," is modulated by the 
0-500 kc blue color-difference signal. 
The output of the modulator contains 
upper and lower sideband components 
ranging in frequency from approxi-
mately 3 mc to 4 mc. A bandpass 
filter in the output of the balanced 
modulator attenuates all other fre-
quency components which may be 
present. 

In the balanced modulator circuit 
the 3.58-mc subcarrier signal is sup-
pressed. In other respects the output 
of the balanced modulator is similar 
to that of an ordinary modulator, i.e., 
it is an amplitude modulated signal 
with upper and lower sideband pairs 
for each component in the modu-
lating signal. 

A circuit diagram of one type of 
balanced modulator is shown in figure 
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2. Let us examine what happens when 
either the color-difference signal or 
the 3.58-mc subcarrier is applied 
separately. 

The color-difference signal is ap-
plied to the grid of a triode phase 
splitter ( V1). The balanced modu-
lator consists of two pentodes ( V2 
and V3). The out-of-phase signal 
voltages provided by the phase splitter 
(V1) are applied to the control 
grids of the modulator tubes. These 
two signals are of equal amplitude 
but opposite polarity. Thus the color-
difference signal appears as a negative 
going signal at the grid of one modu-
lator tube, and as a positive going 
signal at the grid of the other tube. 
Since the amplitudes of these signals 
are equal, the reduction in current 
produced in the tube to which the 
negative going signal is applied, is 
equal to the increase in current in 
the tube to which the positive going 
signal is applied. 

The plates of the balanced modu-
lator tubes are tied together, and as 
a result the changes in plate voltage, 

Figure 2. Circuit diagram of a balanced modulator. 

produced by the out-of-phase color-
difference signals, cancel. Thus the 
color-difference signal does not ap-
pear in the output of the balanced 
modulator. 

The 3.58-mc subcarrier oscillator 
signal is applied to the suppressor 
grids of the modulator tubes ( V2 and 
V3) through a transformer. The sig-
nals on the suppressor grids are equal 
in amplitude but opposite in polarity. 
In the absence of the color-difference 
signals at the control grids, the sub-
carrier signal produces equal, but op-
posite, voltage variations at the plates 
of the modulator tubes. Since the 
plates are connected together these 
voltage variations cancel and the 3.58-
mc subcarrier does not appear in the 
output of the balanced modulator: 

When the 0-500 kc color-difference 
signal and the 3.58-mc subcarrier are 
applied to the balanced modulator 

Figure 3. Frequency bands occupied by 
the brightness and chrominance infor-
mation at output of adder circuit. Only 
the narrow-band chrominance compon-

ent is shown. 

simultaneously, the unbalan e in the 
tubes produced by the 0-5 kc sig-
nal, causes a larger 3.58-mc signal to 
appear at the plate of one Modulator 
tube than at the other. Conirquently, 
the 3.58-mc signal is no longer com-
pletely cancelled and appear in the 
output of the modulator. Th ampli-
tude of the modulator output varies in 
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Figure 4. Receiver circuits required to recover the brightness and blue color-difference signals. 
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accordance with the amplitude of the 
color-difference signal. The unmodu-
lated portion of the 3.58-mc signal 
is always cancelled and only the mod-
ulation sidebands are present in the 
modulator output. 

The brightness signal is combined 
with the subcarrier sidebands in an 
adder circuit. The adder is simply a 
linear mixing circuit which combines 
the two signals without distortion. 
The frequency components in the out-
put of the adder are shown in figure 
3. Note that the subcarrier signal 
consists of sideband components ex-
tending approximately 500 kc above 
and below 3.58 mc. 

The combined brightness and sub-
carrier signals may now be treated in 
essentially the same way as an ordi-
nary black-and-white video signal, and 
may be transmitted in the usual man-
ner. In the receiver special circuits 
are required to separate the two com-
ponents of the signal. 

Separating the Brightness 
and Subcarrier Signals 

The receiver circuits required to 
detect and separate the brightness and 
color subcarrier signals are shown in 

block diagram form in figure 4. The 
tuner, video i-f amplifier and video 
detector circuits are essentially the 
same as those in a black-and-white 
receiver. 

The composite brightness and sub-
carrier signal is detected in the usual 
manner, and appears in the output 
of the video detector as frequency 
components between 0 and 4.2 mc. 
This signal is fed to the video ampli-
fier where some attenuation is pro-
vided above 3.58 mc to reduce the 
amplitude of the subcarrier sideband 
components. The output of the video 
amplifier is the brightness signal. This 
signal still contains some of the sub-
carrier side-band energy. However, its 
effects on the reproduced image are 
negligible as a result of the applica-
tion of several techniques which will 
be discussed later. 

The composite signal is also ap-
plied to a 3 to 4.2 mc band-pass am-
plifier which removes all components 
of the brightness signal below 3 mc, 
and passes all the sideband compon-
ents of the subcarrier signal. 

The subcarrier is next applied to a 
special type of detector circuit refer-

red to as a synchronous detector. A 
3.58-mc signal, of exactly the same 
phase as the original 3.58-mc signal 
employed in the transmitter is also 
applied to the synchronous detector. 
In the detector circuit the chromin-
ance subcarrier and the 3.58-mc refer-
ence signal act on the electron stream, 
producing the original 0-500 kc blue 
color-difference signal. A low-pass fil-
ter at the output of the synchronous 
detector attenuates all undesired fre-
quency components above 500 kc that 
appear in the detector output. 

It should be noted that those fre-
quency components of the brightness 
signal which fall within the pass-band 
of the chrominance circuits appear in 
the output of the synchronous detector. 
This represents a source of interfer-
ence within the system and steps must 
be taken to minimize its effects. The 
techniques employed will be discussed 
in a later article. 

The wide-band color-difference sig-
nal still remains to be transmitted. 
This signal is handled in much the 
same way as the narrow-band color-
difference signal. As shown in figure 
5, it is fed to a low-pass filter which 

Figure 5. Transmitter circuits used to form a color picture signal from the brightness and red and blue color-difference signals. 

27 



DU MONT SERVICE NEWS 

attenuates all frequencies above 1.5-
mc. The output of the filter is ap-
plied to a balanced modulator similar 
to the one previously described. The 
3.58-mc subcarrier signal, fed directly 
to the balanced modulator ( 1) which 
handles the narrow-band color-differ-
ence signal, is also applied to a 90° 
phase-shift network. The output of 
the network is coupled to the bal-
anced modulator ( 2) in the wide-band 
chrominance channel. The output of 
balanced modulator ( 2) is then passed 
through a 2 - 4.2-mc band-pass filter. 
The narrow and wide-band subcar-

rier components are then combined 
with the brightness signal in an adder 
circuit. The frequency distribution of 
the brightness and chrominance infor-
mation at the output of the adder 
circuit is shown in figure 6. The 
brightness signal extends out beyond 
4 mc. The chrominance subcarrier is 
located at approximately 3.58 mc. The 
sidebands of the narrow-band chrom-
inance component extend approxi-
mately 500 kc above and below this 
frequency. The sidebands of the wide-
band chrominance component extend 
from below 2 mc to approximately 4.2 
mc. As indicated a portion of the up-
per sideband of the wide-band chrom-
inance component is attenuated. This 
does not result in the loss of informa-

Figure 6. Frequency bands occupied by 
the brightness and chrominance infor-

mation in the color picture signal. 

tion since all of the required informa-
tion is contained in the lower side-
band. 

Delay Equalization 

In passing through the transmitter 
circuits the brightness and color-differ-
ence signals suffer some delay. The de-
lay is greatest in the narrow-band 
chrominance channel and least in the 
brightness channel. For proper opera-
tion of the system all three signal 
components must be transmitted in co-
incidence. This is accomplished by in-
serting sufficient artificial delay in the 
brightness and wide-band chromin-
ance channels to make the delays in 
these channels equal the delay in the 
narrow-band chrominance channel. In 
this way the brightness and chromin-
ance signals are delayed equally before 

they are combined in the adder cir-
cuit. 
The combined subcarrier signals are 

referred to as the "chrominance sig-
nal." The vector relationships of the 
components of the chrominance signal 
are shown in figure 7. The phase re-
lationship of the unmodulated subcar-
rier signals, which are applied to the 
balanced modulators, is shown at A. 
These signals are identical in fre-
quency but are 90° out of phase. 

In the balanced modulators sideband 
pairs are generated for each frequency 
component of the color-difference sig-
nals. The outputs of the balanced mod-
ulators are shown at B in figure 7. Al-
though a sideband pair is generated 
for each component in the modulating 
signal, for simplicity only one pair 
has been shown in figure 78 for each 
of the signals. The 3.58-mi subcarrier 
signals are suppressed in the balanced 
modulators and do not appear in their 
outputs. The subcarrier phase posi-
tions are indicated in the figure by 
dotted lines. 
The sidebands of the subcarrier sig-

nals combine to form the resultant 
chrominance signal, as showui in figure 
7C. The phase and amplitude of the 
chrominance signal are determined by 
the amplitudes of the two ubcarrier 
components from which it i formed. 

Figure 7. A—Phase relationship of the unmodulated 3.58-mc subcarrier signals. B—Phase relationship of the narrow- and 
wide-band chrominance signal components at outputs of balanced modulators. C, D and E—Phase and amplitude of the chromi-

nance signal is determined by the amplitudes of the narrow- and wide-bond components 
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Figure 8. Receiver circuits required to recover the brightness, and the red and blue color- difference signals 

When the amplitude of one of the 
color-difference signals changes, caus-
ing the amplitude of its associated 
chrominance signal component to be 
reduced, both the amplitude and the 
phase of the resultant chrominance 
signal change, as shown in figure 7D. 
As shown in figure 7E, when the amp-
litudes of both subcarrier components 
change, the phase and amplitude of 
the chrominance signal may change. It 
should be noted however, that if the 
amplitudes of both of the chrominance 
signal components change, the phase 
of the chrominance signal will not 
change if the proportional relationship 
between the amplitudes of the two 
subcarrier components remains the 
same. This condition occurs when the 
saturation of the televised color 
changes but its hue remains the same. 
When the hue of the color being 

televised changes and its saturation 
remains the same, the phase of the 
chrominance signal changes while its 
amplitude remains constant. The above 
indicates an important characteristic 
of the chrominance signal—its phase 
is determined by the hue of the color 
being televised, while its amplitude is 
determined by the saturation of the 
color. 

In the receiver the color-difference 
signals are recovered using two syn-
chronous detectors. A block diagram 

of the receiver circuits is shown in 
figure 8. The color picture signal ( con-
sisting of the combined chrominance 
and brightness signals) at the output 
of the video detector, is applied to a 
2-4.2-mc bandpass amplifier. The out-
put of this amplifier is applied to two 
separate synchronous detectors. 

A 3.58-mc signal is generated in the 
receiver. This signal is fed directly to 
synchronous detector ( 1). The narrow-
band color-difference signal is recov-
ered in the output of this detector. The 
3.58-mc signal is also applied to a 90° 
phase-shift network whose output is 
coupled to a second synchronous de-
tector ( 2). The wide-band color-diff-
erence signal is recovered in the out-

put of detector ( 2). Undesired fre-
quency components are attenuated by 
low-pass filters located at the outputs 
of the detectors. 

The action of the synchronous de-
tectors is illustrated by the vectors in 
figure 9. Although the chrominance 
signal has but one amplitude and 
phase at any instant, for simplicity it 
has been shown in the form of the 
sideband components of which it is 
composed. 

Recovery of the narrow-band, blue 
color-difference signal is shown at A 
in figure 9. The 3.58-mc reference sig-
nal applied to synchronous detector 
(1) has exactly the same phase as the 
original subcarrier signal, which was 

Figue 9. Vector diagrams showing action of the synchronous detectors 
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modulated by the blue color-differ-
ence signal in the transmitter. In de-
tector ( 1) the side-band components 
produced of the narrow-band chromin-
ance signal component add, causing 
the blue color-difference signal to ap-
pear in its output. As shown in the 
illustration the sideband components 
of the wide-band chrominance signal 
component produce equal but opposite 
voltages in the output of detector ( 1) 
and cancellation occurs. 

The action of synchronous detector 
(2), which is used to recover the red 
color-difference signal, is shown in 
figure 9B. In synchronous detector 
(2) the sidebands of the narrow-band 
chrominance signal component pro-
duce equal but opposite voltages 
which cancel in the output of the de-
tector. Since the 3.58-mc reference sig-
nal applied to detector ( 2) is in phase 
with the wide-band component of the 
chrominance signal, the sidebands of 
this portion of the signal add, and the 
red color-difference signal appears in 
the output of the detector. 

The Color Sync Burst 

To properly recover the color-diff-
erence signals the reference signals 
applied to the synchronous detectors 
in the receiver must be of the same 
frequency and phase, within close tol-
erances, as the subcarrier signals em-
ployed in the transmitter. 

To synchronize the reference sig-
nals in the receiver with the subcar-
rier signals in the transmitter, a sync 
signal is transmitted along with the 
other components of the color tele-
vision signal. This sync signal must be 
transmitted in such a way that it will 
not interfere with the operation of 
black-and-white receivers. In the 
NTSC color TV system the sync sig-
nal takes the form of sample bursts of 

Figure 11. Block diagram showing one 
way in which the color sync burst can 

be used to control the source of the 

subcarrier reference signals in a color 

receiver. 

30 

e_HOR. SYNCH 
PULSE 

PEDESTAL 
LEVEL 

APPROX. 9 
CYCLES AT 
SUBCARRIER 
FREQUENCY 

HORIZONTAL BLANKING INTERVAL 

Figure 10. The color sync signal con-
sists of a burst of approximately nine 

cycles of the subcarrier frequency, trans-

mitted on the back porch of the hori-
zontal blanking pulse 

the 3.58-mc signal from which the 
subcarrier signals are derived in the 
transmitter. These bursts are approxi-
mately 9 cycles in duration and are 
repeated at horizontal scanning-rate 
intervals. The burst is inserted on the 
back porch of the horizontal blanking 
pulse, as shown in figure 10. Trans-
mitted in this way, the "color sync 
burst" occurs when the screen of the 
receiver is blanked out by the blank-
ing pulse. In addition the burst oc-
curs after the horizontal retrace has 
begun and thus has no effect on the 
horizontal sweep. 

One way in which the color sync 
burst can be employed to synchronize 
the 3.58-mc oscillator in the receiver 
is shown in figure 11. The color pic-
ture signal at the output of the video 
detector is fed to a burst amplifier. 
This amplifier is keyed by a pulse ob-
tained from the horizontal sweep cir-
cuits of the receiver, and the amplifier 
conducts only during the burst in-
terval. Thus only the amplified color 
sync burst appears in the output of 
the burst amplifier. The amplified 

burst is fed to a phase detector where 
it is compared with the 3.58-mc os-
cillator signal. When the oscillator 
phase differs from that of the color 
sync burst, the phase detector develops 
an error voltage, which is applied to a 
reactance-tube control circuit to cor-
rect the phase of the oscillator output 
signal. 

Gamma Correction 

To provide good color reproduction 
the transfer characteristic ( light input 
vs. light output) of the color televis-
ion system must be essentially linear. 
Since some non-linearity is inherent 
in the components which make up the 
system some form of correction is re-
quired. The compensation provided to 
eliminate the effects of this non-lin-
earity is referred to as "gamma correc-
tion." 
The principal non-linear element in 

the system is the picture tube used in 
the receiver. The transfer characteristic 
(screen brightness vs. input voltage) 
of a typical CRT is similar to that 
shown in figure 12. Note that a 
given change in grid voltage does not 
produce the same change in screen 
brightness throughout the operating 
range of the tube. A much greater 
change in grid voltage is required at 
high negative grid-bias levels to pro-
duce a given change in screen right-
ness, than is required at low n ative 
grid-bias levels. 

The non-linear characteristic f the 
system can be compensated f r by 
passing the red, green, and blue color 
signals through special amplifier 

These amplifiers are adjusted t pro-
vide non-linear transfer charact istics 
which are approximately invers that 
of the balance of the system. In figure 
13 the transfer characteristic of the 
system without gamma correct 4n is 
indicated by curve A. The tr nsfer 
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characteristic of a gamma-correction 
amplifier which will compensate for 
the balance of the system is indicated 
by curve B. The resultant transfer char-
acteristic of the system with gamma 
correction is shown by curve C. Note 
that the resultant overall character-
istic of the system is essentially linear. 
The curves in figure 13 have been 
idealized to illustrate the purpose of 
gamma correction. 

In the next issue the chrominance 
subcarrier and the purpose and forma-
tion of the I and Q signals will be 
discussed. 

Figure 12. Transfer characteristic of a 
typical CRT, showing its inherent non-

linear response. 
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the result of gamma correction on r 
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TROUBLESHOOTING HINTS 
Teleset: RA- 119A 

Symptom: Excessive blooming 
when the Brightness control is turned 
fully clockwise. As the control is 
turned the size increases while the 
brightness decreases, giving a very 
dim picture. 

A check of the high voltage Regu-
lator control ( R307), reveals that the 
glow in the VR75 regulator tube 
(V308) disappears when R307 is 
rotated clockwise. 

Probable Fault: R325 ( 25K, 10W), 
the resistor connected between B+ 
and the suppressor and cathode of the 
6SJ7 control amplifier tube ( V302) 
and the VR75 regulator, is open. 

Remedy: Replace R325, reset the 
Regulator control, R307, and read-
just the ion-trap magnet. 

Teleset: RA-306/307 
Symptom: White elements in pic-

ture have trailing blacks, and black 
elements have trailing whites, as 
shown in figure T-1, giving appear-
ance of improper video i-f alignment. 

Probable Fault: R218 ( 33 ohms, 
10%, 1/2 W), the cathode resistor of 
the video amplifier ( V204), has in-
creased in value. 

Teleset: RA-306/307 
Symptom: Heavy streaking noise 

in the picture accompanied by slight 
smear, as shown in figure T-2. 

Probable , Fault: L203, the peaking 
coil in the grid circuit of the video 
amplifier, ( V204), is open. 

Figure T-1. The test pattern shown above ex-
hibits the effects of trailing blacks and whites 
upon the picture Although this condition can be 
the result of an improper video i-f alignment, 
the above was due to a defective component in 

the video amplifier. 

Figure T-2. Slight picture smear accompanied by 
heavy streaking noise visible at the vertical 
wedges of the test pattern. This condition was 
caused by a defective component in the grid 

circuit of the video amplifier. 
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customers enjoy 
"PROFESSIONAL TREATMENT" 
In television service as in any profession, whether it be 
barber or doctor, the client places great emphasis on the 
way you go about your business. Professional treatment of 
the customer creates confidence in your service and ulti-
mately results in his satisfaction. 

One way to insure this customer good will in TV service is 
to combine top-quality materials with your skilled, technical, 
workmanship. With dependable products, you can eliminate 
costly call-backs and build a reputation for quality service. 

You can depend on Du Mont quality picture tubes to do 
more for your service. 

Photo by Joe ( lark, H. B. S. S. from Friends Magazine and Photography Magazine. 
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