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TELEVISION

..... another proauct of man's imnagination.

On the insideof the front cover of atransmitter les-
son, we told you that 'what man imagines, man can do'.

For years man imagined that he could send his voice
through space at will, and without wires. And today radio
accomplishes that very thing. Yet we give but slight
thought to the marvels of this masterful scientific de-
velopment, that is such a boon to commerce and entertain-
nent,

Man also imagined that he could send pictures through
the air...... moving pictures. Millions of dollars were
spent upon research, experimentation, and development. Pro-
gress was slow, but sure. Finally a flickering picture
was transnitted and received. But man was not satis-
fied. He imagined that he could produce a much better
picture by employing a different system.

More years were devoted to intense research. More
money was spent. A new system WAS developed. And the
transmission of excellent pictures became areality. Again
man backed his imagination with action and came through
a winner. :

In entering upon the study of television, you are
taking an active part in a new era of broadcasting, whose
future development can readily exceed our most vivid imag-
ination. Man is never satisfied. He continually strives
to improve, And there you have the dominant power behind
the continual development of this earth of ours.

You too, should continually strive to improve your-
self. Your desire for success should be so strong, that
it will be an all-impelling power that will continually
drive you to greater accomplishments and earning power.



FUNDAMENTALS
of =~ TELEVISION

"This unit, consistingof 12 lessons, will thoroughly cover the
Fundamentals of Television. The first lesson is devoted to a his-
tory of the early development of Television, bringing you up to
present day practices. Next, a study of Physics, Light, Mirrors,
Lenses, and Optics will be covered, based on their application to
modern Television. The principle of Scanning, both mechanical and
electronic will be covered thoroughly. Because of the importance
of the subject, the unit will deviate from Television a little in
that it will cover the fundamental theory of Photoelectric Cells, fol-
lowed by alesson ontheir commercial applications. Follewing that,
we have included & complete study of the modern Cathode Ray Tube
and its applications to Television Reception. All of the fanda-
mental circuits necessary for the operation of a Cathode Ray Tube
in a Television Receiver will be covered thoroughly. This covers
sweep oscillatorsand synchronizing methods. Then tuning and radio
frequency circuits will receive their just placesin your training.
Unit Five holds the same important position in Television as Unit
One did in your stady of Radio Broadcasting and Radio Reception.

"A thorough understanding of this unit is quite necessary if
you are to have a complete mastery of the science of Television.
In this unit you will learn the components necessary for the re-
ception of pictures while in the following unit, the servicing of
such receivers will be covered".




INTRODUCTION

o

TELEVISION

"Before you actually enter into a thorough study of the sci-
ence of television, I thought that you should become familiar with
the history of the developments leading to modern television,

"The information given in this lesson is designed to acquaint
you with the work and struggles of these early scientists. It is
not intended that you should have an actual working knowledge of
these early experiments."

1. FIRST PICTURE TRANSMISSION. Within recent months, the
word "television" has become quite commonplace, used to convey the
idea of pictures transmitted by wire or radio. When viewed in the
light of commercial possibilities, television isamere infant, but
from a standpoint of scientific research, it is, relatively, quite
an old man. It seems almost incredible that the actual beginnings
of television should date back almost ahundred years, when in 1847
an English teacher of electricity by the name of Frederick Bakewell
operated a device known as the "copying telegraph." According to
Bakewell, this equipment "transmits the handwriting of correspond-
ents. Every letter and mark made with the pen are transferred exactly
to the otherinstrument, however distant." This early system trans-
mitted recognizable pictures between Brighton and London, England, a
distance of about 50 miles. Thus, itisseen that the idea of tele-
vision was cradled in England and one would expect to find its pro-
gress well advanced in that country. Naturally, England does seem
to have led the world in the advent of commercial television pro-
grams, although from the standpoint of actual scientific achievement
in the laboratories, the matter of actual leadership is somewhat
debatable since theUnited States, Germany, Italy, France and Russia
all have advanced television in their laboratories.

The ancients dreamed of aMagic Carpetof Bagdad and television
seems to be the modern answer. In the case of the Magic Carpet,-
the individual was literally transported from point to point, but
scientists have made this dream more real than the most fantastic
dreams, for instead of taking you to distant points on such a car-
pet, these distant points are brought to you! There is paraded
before your eyes for amusement and education, plays, operas, great
classics of baseball and football, and other pointsof interest too
numerous to mention. Remarkable? Itismiraculous! Yet today, we
have become so accustomed to the unusual and strange things, that we
seldom stop to actually consider how really wonderful they are.
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A long process of experimentation, through the years, has been
necessary in order for us to enjoy the many modern miracles our
grandfathers would have assured us were quite impossible. Strictly
speaking, the word "impossible" is no longer recognized in the
scientific field, but is qualified by the statement "it seems im-
possible in the light of present day knowledge."

Therefore, if we are to appreciate our study of the subject,-
Television, we must go back to its beginnings, follow it step by
step through each intermediate stage of development to arrive at
the present "budding" stage and then we can only conjecture as to
the final perfection of the bloom itself,

Transmitter Receiver
Steel

Paper soaked
in electrolyte

Fig.1 Bakewell's picture transmitter. Transmission of this type
is now known as wirephoto or facsimile

The ingenious method devised by Bakewell is shown in Fig. 1.
The two cylinders are of metal and are six inchesin diameter. The
message to be transmitted was drawn on a piece of tinfoil by means
of a pen which used an insulating varnish, instead of ink, then the
tinfoil was wrapped on the cylinder at the transmitting end. Now,
as the cylinder rotated, the small steel wire bore against this
surface and was moved along by a screw thread very much similar in
operation to the dictaphone needle moving across a cylindrical record.
When this steel wire touched a part of the picture; that is, the
insulating varnish, the line current was cut off until the wire was
moved into a position where it again touched the unvarnished foil.

A similar cylinder rotated at the receiver and was kept in
synchronism with the transmitting cylinder by means of a specially
transmitted synchronizing signal. Now, this receiving cylinder
differed from the oneat the transmitterin that it was wrapped with
a paper which had been soaked ina chemical solution. On this paper
was also pressed a wire which was connected to the transmitter's steel
wire through a line. This steel wire stained the paper under it
blue whenever line current was flowing. As a result, the received
picture was reproduced with ablue background on which appeared white
lines which corresponded to the lines drawn with varnish on the
tinfoil. This apparatus was so complete and well designed that
quite excellent results were obtainable, although the transmissions
were of a necessity limited to more or less simple figures which
one might draw with a pen.

Thus, it is seen that the first picture transmission resulted
from the coordination and use of information which was already old
to science, to produce a new aad useful result. This type of pro-
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cedure we know as invention. It is interesting to note that most
inventions in their original state are the result of individual
ingenuity for finding new applications for old ideas. The terms
"invention" and "discovery" are ofttimes used interchangeably because
they are so closely related; discovery, however, is the finding of
some new law or principle or substance which, prior to that time,
was unknown. All modern electrical and mechanical apparatus are,
of course, the results of both invention and discovery. Like the
age-old argument "which came first, the chicken or the egg", it is
difficult to answer the same question as it relates to discovery
and invention. Certainly, one cannot progress far without the
other., So it was with the beginnings of television when Bakewell's
simple system had to wait on the discovery that the metal, selenium,
changed its electrical resistance in accordance with the amount of
light falling upon it. Itis interestin% to speculate that, if this
information had been available to Bakewell, wemight have been doing
around 1905 the things weare just accomplishingin television today.

2. DISCOVERY OF FIRST LIGHT CELL. In the year 1873, a man
named May discovered, incidentally perhaps, that ths element, selen-
ium, in addition to smelling like horseradish when he burned it,
had the peculiar property of changing its electrical resistance
when subjected to light rays of varying intensity. To most of us,
the fact that selenium behaved in such an odd manner would prob-
ably have meant nothing atall, but with May it was different. His
was the scientific mind which demanded an explanation when anything
in nature acted in an unusual manner.

The discovery came about in this mamner. May was working as
a telegraph operator in the Atlantic cable receiving station on
the west coast of Ireland when he noted his instruments acted in
a peculiar manner at certain times. It so happened that in his
instrument circuits, the metal, selenium, was used as a resistance
much the same as we use carbon for its resistant property today.
May noted that occasionally as the sun shone through a window upon
the selenium that theneedle on his instrument moved; this indicated
that the sun must be affecting the resistance of the material. He
first thought that it was the heat which produced the change, but
later discovered it was the light.

May's reaction to this discovery prompted him to attempt the
construction of apparatus, capableof transmitting pictures; and so
three years before Alexander Graham Bell patented the telephone,
and, of course, many years before radio was evea dreamed of, he
actually constructed equipment by which he hoped to transmit pictures.
It was crude and it was such a total failure that he didn't get
even a flicker out of it. Briefly, his method consisted of pro-
jecting a picture upon a selenium plate with a lens, and hoping
that selenium wonld do the rest through its ability to convert light
into electrical energy.

About this time, another scientist by the name of Carey felt
that he koew the reason for May's failure. Carey had experimented
considerably with light and had evolved the theory thatifpictures
were ever to be transmitted, it would have to be done by breaking
them up into fragments- -elements, he called them—and so two years

3



later, in 1875, we find him improving upon the May device by using
a plate composed of a great number of tiny selenium cells, each
one of which, according tohis notion, would transmit itsown energy
and thus send out its own part of the picture (Fig. 2). As we now
know, his reasoning wasmore accurate than he, himself, knew, but he
failed also because, having too many cells, he had no way of con-
necting the great number of separate circuits from the cells to what
we now call the receiving set. He had, however, throughhis theoret—
ical discovery that apicture must be torn into countless fragments
and thus shipped piecemeal to a receiver which would put them to-
gether again, added greatly to the fundamental television knowledge.
It was, as a result of this discovery, after a lomg line of other
scientists working during a period of over thirty years and all
using selenium plates with a great number of cells that achieved
no results whatever, that it finally came about in 1906 two French-
men, Rignoux and Fournier, brought to an end the first chapter of
television research by actually transmitting and reproducing a pic-
ture.

Bank of Bank of
photocells lamps

A pair of wires for each cell

Fig.2 Carey's attem?t to imitate the eye. A pair of wires was
necessary for each cell.

8. FIRST APPLICATION OF SCANNING. Before describing the work
of these Frenchmen, let us hear from an Englishman by the name of
Shelford Bidwell, who read before the Society: of Telegraph Engin-
eers and Electricians, convened at Paris in 1881, a paper on some
", ..apparatus, merely of an experimental nature".

Bidwell's receiving system was exactly like Bakewell's except
that it used a considerably smaller cylinder giving a picture about
2" square. Bidwell's transmitter, however, was radically different.
The picture, or scene to be transmitted was projected upon a ground
glass screen, as shown in Fig. 8, behind which a selenium cell
moved slowly up and quickly down, gathering light from a pinhole
through successive portions of the pictare in turn. During each
lxxgward motion, the selenium cell moved across the image approximately

inch and on the receiving cylinder a screw thread moved a plat—
inum recording point across an equal distance at each revolution.
Thus, the pictures transmitted were not artificiel drawings upon
tinfoil or some other substance but the projected images of actual
objects.

In 1387, Hertz performed his practical experiments which led
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to his discovery of the photoelectric effect. The succeeding years
witnessed considerable activity and progress in this line by such
men as lallwack, Elster, Geitel, and many others. (The early history
of photocells is given in the lesson on photocells.) Thus far we
have noted that thepictures which the early experimenters wereable
to transmit were, of a necessity, "stills." Themechanical apparatus
used in the production of these pictures was much too slow for the
transmissionof motion and since the receiving end employed a chemical
process in the reproduction of these transmissions, it would have
been utterly impossible to have received motion pictures even if the
transmitter had been capable of sending them.
Transmitter

Screen on which

. image is projected Receiver
Lens project-_. T Tine
tng tmage - X Platinum
L P e Point
~- ! Platinum
\\\ Cylinder
== - Paper soaked
szf:anplnﬁ géth in electrolyte
of pin holes —==
—~_Batte ==
et =

Fig.3 Bidwell's arrangement for picture transmission.

Today, this type of picture transmission is known as wirephoto
or facsimile, Television, as we think of it now; that is, the art
of reproducing action pictures at a distant point from the trans-
mitter, had its beginning in the year 1884 with the advent of the
Nipkow disc.

4. THE NIPKOW OR SCANNING DISC. Probably oneof the greatest
names associated with television history is that of Paul Nipkow,.
(At the time of this writing, Paul Nipkow is living in Berlin, Ger-
many.) He used at the transmitter and receiver two discs, perfor-
ated with small holes along similar spiral curves, which were caused
to rotate in synchronism. A complete description of this method
is given inalater lesson on scanning. This mechanical disc system
laid the foundation for modern television and was used in practi-
cally all television transmitters and receivers until the last few
years when electrical, inertialess systemswere devised to accomplish
speeds unthought of in the early days and impossible with the mechan-
ical disc. Prior tothe advent of the Nipkow disc, Carey and others
had proposed systems consisting of a great number of minute selenium
cells, each having its own wire connection, which naturally led to
a very elaborate system. The transmission of a picture of good
quality required a great many pairs of separate wires. This, of
course, was impractical. Nipkow's disc simplified this problem
since it transmitted the picture point by point, amethod now known
as "scanning." While the scanninp disc simplified theproblem con-
siderably, since it enabled the transmission of the picture over a
single wire ora single communication channel, the television prob-
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lem asawhole was far from being solved, due to a lackof some more
very essential elements.

Full, practical exploitation of Nipkow's ideas had to wait omn
three developments in other scientific fields. In the first place,
selenium cells followed light changes much too slowly for efficient
television purposes. Something quite inertialess was oeeded and,
fortunately, it appeared as the photoelectric cell of Elster and
Geitel in 1890. (Hallwack observed the photoelectric effect in 1888.)
Furthermore, the very weak picture current at the receiving end made
intelligible reproduction exceedingly difficult. In 1907, the be-
ginning of the end of this difficulty was started by DeForest's in-
vention of the triode amplifier. And, finally, there was the lack
of a satisfactory light arrangement at both the transmitter and re-
ceiver. In order to fully appreciate this third difficulty as it
relates to the transmitter, you must understand that the picture is
scanned point by point and, therefore, the photosensitive element
is affected by the light from a given point only for a very short
period of time. Consequently, the resulting photocell current be-
comes extremely microscopic with attempts to improve the picture
definition, that is, the number of picture elements inagiven pic-
ture. This limitation stood like aGibraltar for many years in the
path of increasing picture resolution® and seemed to exclude all
hopes of an outdoor picture.

To further understand this light problem, it isnecessary that
we go more into detail to see what was actually happening at the
receiver. An image, when in motion, represents a great number of
points which vary in brilliance. In normal vision, an exact repro-
duction of this picture is projected on the retina of the eye and
numerous light-sensitive nerves carry the impression to the brain.
It was this information which led the early experimenters to the
very natural conclusion that oumerous transmitting systems would
be necessary for just one image. The solution, as we have seen,.
was provided by the Nipkow disc which divided the image into small
squares and transmitted the brilliance of each square in turm.
Naturally, the squares had to be sent over in a definite order and
reassembled again at the other end (receiver); this had to be done
so fast that the eye received the impression of a steady picture.
At the transmitter, the light from each of these tiny squares falls
in its turn on a photocell which translates it into am electric
current having a strength dependent upon the average illumination
of the square. Now, at the receiving end, this electric current
has to have a light source which is powerful enough and can follow
the very fast fluctuations of light as required intelevision. The
answer to this problem was to be practically solved in later devel-
opments.

5. CONTRIBUTING DEVELOPMENTS. In the years around and fol-
lowing 1880 there was an unusual amount of activity in inventions
relating to television, brought about, no doubt, by the commercial

® Resolution: This is definedas the process of breakinga picture up intoalarge
nunbgl; of elements; the greater the number of elements for agiven picture, the better the
detail. :
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importance which electrotechnology was rapidly assuming in connec-
tion with telegraphy, telephony, railway signaling, and lighting.
Because of this, everyone expected a rapid solution of the special
problems of this new branch and that its practical application would
be contemporaneous with that of the telephone. Televisionwas"just
around the corner." It is perhaps just as well for the art that
these earlier experimenters did have this feeling concerning the
arrival of television, for had they known the actual number of years
which were to intervene, they would no doubt have lost much of their
enthusiasm and perhaps the high standard of perfection existing in
the art as we know it today would still be out in that uncertain
future.

In the meantime, many other events occurred which, while removed
from actual television experimentation, they nevertheless helped
pave the way for modern developments. In 1891, Amstutz, an Ameri-
can, sent the first halftone picture overa 25 mile wire, using cel-
luloid sheets etched in relief. In 1898, Szczepanik proposed color
television, later staging a practical demonstratioa. In 1902, Korn
sent the first photographbywire. In 1909, Knudsen sent the first
line drawing by radio (prior to this time all picture transmission
had been by means of wire), using one metal plate at the spark
transmitter and at the receiver a second plate covered with lamp
black on which the drawing was scratched by a coherer relay.

This brings us now to the year 1906 when oar two Frenchmen,
Rignoux and Fournier, accomplished a history - making experiment,
The exact day is not known, for perhaps the events of many days were
involved in the successful completion of their experiment. To us,
accustomed to the modern precision of "streamlined" laboratories,
their setup would, no doubt, have appeared quite crude. The trans-
mitting end of their experiment consisted of a checkerboard of 64
squares,: each one of which was connected by two wires to a corres-
ponding tiny shutter in a similar checkerboard set up as the re-
ceiver on the other side of the laboratory. In front of this sec-
ond checkerboard stood a screen,

With a lens, they focused a prepared picture, made up of a
simple pattern, upon their first checkerboard and, instantly, mag-
ically, someofthe 64 shuttersin the other checkerboard flew open,
the light from behind them flashed through; the patterns were dimly
reproduced upon the screeal For them, television had arrived!

But what good was it? Within a comparatively short time, as
you and I sit inour own home and watch football games, prizefights
and moving pictures,  we will be able to answer that question very
conclusively. But the two Frenchmen couldn't. To them, undoubted-
ly, the important thing was that where many of their predecessors
had failed, they had at last fully demonstrated the soundness of
two fundemental theories regarding television.

One can readily see, however, that the device which the French-
men had perfected, no matter how fully it justified or proved the
scientific theories, was entirely impractical. For a picture to
be any good at all, it must have detail, which means that instead
of being torn into 64 fragments, it must be, as we will see later,
torn into thousands of elements. Naturally, no one would want to
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undertake to construct a device consisting of that many individual
cells having apair of connecting wires to as many individual shut—
ters.

Although the Nipkow discopened up the first practical method for
scanning apicture, it also provided an impetusto the various tele-
vision experimenters to provide an improved method for obtaining
the same results. The outgrowth of these labors were such devices
as the drum scanner and many arrangements involving the use of ro-
tating mirrors and lenses. Now, mechanical scanning methods were
all right so long as the televised picture was composed of only a
comparatively few lines; however, the amount of detail possible with
a few lines is very limited. As we increase the number of lines
composing the pictare, the mechanical arrangements used in scanning
the picture necessarily become inwolved, due principally to the
mechanical power requirements. Also, the light requirements for
such a system as shown in Fig. 4 was another source of trouble,

/%s

Photocell

~ Light Source
=

e

Disc

Fig.n Kipkow Disc (direct scanning methoo;.

Through the passage of the years, it became more and more evident
to the experimenters that they must find a way to eliminate these
difficulties. It was not strange then, that someone should think
of using in preference to mechanically directed rays, the inertia-
less electron ray beam of a Braun cathode ray oscillograph tube.
Here again we find a new application for an old idea, for the os-
cillograph tube was familiar to the Germans, Lux and Dieckmann, in
1906. In 1907, Rosing in a British patent and Campbell - Swinton
independently in "Nature" had published suggested systems of tele-
vision in which a cathode ray tube was enp%oyed by the television
receiver. The article in Nature isof particular historical inter-
est and is, therefore, quoted in part.

"...This part of the problem of distant electric vision can
probably be solved by the employment of two beams of cathode rays
(one at the transmitting and oneat the receiving station) synchron-
ously deflected by the varying field of two e%ectmmagnets placed
at right anglestoone another and energized by alternating curreats
of widely different frequencies so that the moving extremities of
the two beams are caused to sweep synchronmously over the whole of
the required surfaces within the 5 second necessary to take advan-
tageof visual persistence. (Note: Today, anything slower than v
second is considered too slow.) Indeed, so farasthe receiving ap-
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paratus is concerned, the moving cathode ray beam has only to be
impinged on a sufficiently semsitive fluorescent screen and given
suitable variationsin its intensity to obtain the desired results."
Thus we see that the cathode ray receiver so widely hailed at pres-
e1]1-t as the last word in television is in principle over 30 years
old.

In 1909, the Andersens proposed a scheme for transmitting im-
ages of objects in their natural colors. This idea of television
in color is interesting indeed, since we have yet to see practical
commercial realization of an idea which originated prior to the
World War. Laboratory processes capableof transmitting color tele-
vision have been demonstrated with various degrees of success and
we have every reason to believe that just asin the case of the mo-
tion picture, color will one day in the not-too-distant future add
additional beauty and reality to television.

When one considers the faintness of illumination produced by
an optical image of a non-luminous object, such as that showa in
Fig. 4, and then figure that on the average for an 80 line picture
only #zbv of the total light flux enters the photosensitive device
at one instant and that the element affects the sensitive device
only 1zraoos second when it is represented at all, it becomes quite
evident that even with the modern photocell, the problem is almost

hopeless.

Photocells

Light
Source

7

Fig.5 Nipkow Disc (indirect or "flying spot* scanning method).

As a way out of this difficulty, it was propcsed by A. Ekstrom
in 1910 to reverse the system of optics. Instead of dividing an
optical ima.%e into numerous elements, he suggested scanning the ob-
ject directly by a moving spot of light, better known now as the
"flyin% spot" and receiving the light reflection from the spot by
a single or group of photocells placed very close to the object.
Such an arrangement is shown in Fig. . Two distinct advantages
were gained in the use of this method; first, the spotoflight may
be made very intense by concentrating the radiations from a bril-
liant arc and, second, a large amount of light may be collected by
employing either a very large photocell, or else a large reflector
with a small photocell, or a group of photocells. This scheme as
used in connection with the Nipkow disc made pcssible the first

9




practical solution of the television problem and it was used ex-
tensively as late as 1933.

The names that have been prominent in the development of tele-
vision which have been mentioned in our discussion are by no means
a complete list. The names are those of persons who have been di-
rectly or indirectly responsible for some definite progress in the
growth of the art. There are hundreds and thousands of workers and
research men, of course, whose names will remain unknown, but whose
accomplishments, nevertheless, made possible the achievements of
these comparatively few men. The situation has a very excelleat
parallel in our television laboratory researches today where hun-
dreds of men make possible the success and achievement generally
ascribed to the individual or company heading the laboratory.

We have now reached the stage in the development of television
where the thermionic valve or better kmown as the radio tube was
first making its appearance., Without question, it has been the one
greatest revolutionary agent in the history of the art pertaining
to the transferenceof intelligency by electricity. Latour, in 1916,
explained the principles under%ying the operation of a triode vacuum
tube and by 1920 the useof these vacuum tobes in the amplification
of speech frequencies was well established. Those conversant with
the needs of television will recognize that by this time (1920), no
element, in the state of physical knowledge, was lacking necessary
to the accomplishment of practical television and yet the whole
field was moreorless littered with nnsolved schemes, many of which
involved elements of the greatest importance today. f]nfortuna.tely,
none of them seemed to have hit upon that combination so essential
to success.

6. FIRST PRACTICAL TELEVISION. The period starting with the
advent of the vacuum tube around 1910 is in striking contrast with
the haphazard development throuﬁh the 98 years prior to this time.
There has been an intensive awakening of directed scientific effort
inaugurated by the World War period which has continued with increas-
ing intensity for the last 25 years. We seeachange from the hap-
hazard individual experiments to the systematic development in well
equipped laboratories of systems as a whole. Im this early tran-
sition period, the work of two men was preeminent, The work of
C. Frances Jenkins in America and John L. Baird in England brought
the early dreams of Nipkow to their first actual fruition. Much
credit is due these two men for laying the first solid foundation
for television progress in their respective countries: In 1923,
both Baird and Jenkins succeeded in demonstrating the transmission
of silhouettes, or shadow-outlines of objects. D%t isbelieved that
early in 1925 Baird was able to show natural pictures in halftones.

On a cloudy Saturday in June of the same year, a distinguished
group of Washingtonians assembled in the Jenkins laboratory on Con-
necticut Avenue to watch the flickering image of a toy windmill
wvhich was seen to revolve, The windmill its:%f was turning in Ana-
costia, five miles away and radio was bridging the visual gap.* In

My, Jerry Taylor witnessed Jenkins’ early work while in washington during the
summer of 1928.
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January, 192, Baird, in England, demonstrated an improved televis-
jon system before members of the Royal Institution, assembled in
London., They saw recognizable faces and were much impressed.

At the time of these initial successful demonstrations, Baird
was working with directly coupled amplifiers in order to preserve
the same brightness level in the reproduced image as well as the
variation of the transmitted scene. Those who have worked with two
or three stagesof DC coupled amplifiers can only partially realize
the difficulties which beset Baird in his attempt touse nineorten
tubes coupled in this manner. His ideas in this matter have long
since been more or less superseded, thanks to the phenomenal advance
in recent years of communication technique in general which, as we
have already seen, was made possible by the advent of the three
electrode vacuum tube. From thishas sprung another important branch
of knowledge not previously appreciated or even partly developed;
that is, the theory and designof electrical compensating networks.

The onderlying electrical theory relating to distortion cor-
rectin.% networks was given by the English scientist and mathemati-
cian, Oliver Heaviside, near the close of the last ceatury in his
classic work, "Electromagnetic Theory." Heaviside himself was some-
thing of a hermit which, perhaps, accounts partially for the fact
that communication engineering hasnot even yet experienced the full
benefit of his work.

Engineers were beginning to learn that the ideaofperfect amp-
lification, even given suitable tubes and other circuit components,:
is by no means easy to obtain; that an amplifier is not merely a
box with two terminals for input and two for output with works in-
side capable of delivering a faithful replica on a large scale of
the minute varying potential differences applied to it. In fact,
the channel itself of which the amplifier forms but a part is al-
most as deadly an enemy as the lag of selenium cells was originally
to the productionofan early television image. To further compli-
cate matters, both the frequency bandof the channel and the ampli-
fiers have farmore exacting requirements when applied to television
than for sound transmission due to the extreme importance in tele-
v?si:ix of preserving the phases of the various components of the
signal.

Thus, by 1927, a considerable part of this amplifier technique
had already been developed and was the contributing factor to the
success of Baird, Jenkins, and others.

In this same year, Baird demonstrated certain apparatus which
he called Noctovision (the original idea was suggested by Nipkow
back in'1384), using infre red rays, to the British Association meet-
ing at Leeds. In this same year, the Bell Laboratoriesin New York
City demonstrated television "in thegrand manner." This great re-
search organizatfon quite naturally eclipsed the best efforts of
these two pioneers. A photograph of this early equipment is shown
in Fig. 6. The screenon which the picture was shown was about two
feet square; the faces and speech came in over the air fromapoint
20 miles away and over wire circuits a distance of approximately
300 miles from Washington, D.C. This long distamce line transmis-
sion of television pictures forcefully demonstrated beyond all doubt
the importance of line correction.
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The only practical method of converting television signals in-
to light at that time depended upon bringing a rarefied atmosphere
of neon gas to luminosity by means of the two element neon tube or
light. The neon tube, the invention of Dr. D. McFarland Moore, is
surprisingly fast in its action and was fully capable of handling
picture signals representative of great detail. (Photocells were
used at the transmitter, neon lights at the receiver.) In order
to produce a 72 line picture optically enlarged from about two
inches square, it was necessary to develop a special neon tube,
capable of handling 200 ma., employing water-cooling to dissipate
the heat. Consequently to project a picture of any size upon a
screen with a neon tube seemed impractical since it must assume
the proportions of a power device.

M

| |

v o

Fig.6 Early Bell Telephone Laboratory Equipment. Or. tves holds
one of the large photoelectric cells used at the transmitter.

Later, a new type neon lamp was developed which permitted the
reproduction of large scale pictures, using a limited number of
lines, Although the many able men who planned and built the Bell
equipment made vast improvements in existing technique,- yet they
discovered no new principles.

7. THE KERR CELL. At this point, let us examine the work of
a Scotchman by the name of John Kerr who began his contributions
to the art of television in 1875, His ideas developed the appli-
cation of a principle, long known to science, to the operation of
a light valve., Kerr observed that the direction of polarization by
8 beam of polarized light can be changed by passing it through an
electrostatic field. %Famda.y had previously observed a similar
Ehenomenon in connectior with intense magnetic fields as had also
ipkow in conmnection with schemes he had proposed for projecting
television.) Kerr's electrostatic bending of polarized light was
embodied in a practical light controcl device by Dr. August Karolus
of Leipzig, Germany. The General Electric Company later obtained
American rights to Dr. Karolus' invention, which Dr. Alexanderson
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built into a practical television projector. Before discussing
Dr. Alexanderson's light device, perhaps it wonld be well to acquaint
the student with the nature of polarized light for it is sometimes
difficult for the layman to understand the difference between po-
larized light and an ordinary ray. It is sufficient for our pur-
poses to state that ordinary light consists of vibrations in wmany
planes, while with polarized light the vibration has been reduced
to a single plane. Such a beam of light can be affected by a mag-
netic or electrostatic field in much the same way as a beam of
electrons ina vacuum can be controlled. Further detailed informa-
tion on this subject will be contained in the leeson devoted to the
study of the Kerr cell.

The apparatus which was built under Dr. Alexanderson's direc-
tion consisted of a light valve controlling a powerful illumination
source from a radio signal. Projection was accomplished by passing
an intensely powerful beam of a standard 175 amp. motion picture
arc through ahigh frequency light valve, througha scanning discto a
transluscent screen to the eyes of the observer. The operation of
the light valve is seen, therefore, to be quite similar to that of
the grid of a vacuum tube by means of which a small incoming impulse
controls a relative large space current obtained from a local bat-
tery. This light valve like the grid has no apparent inertia and
can handle picture signals of any conceiveble frequency.

The light of the arc passed through the Karolus projectoris first
drawn into parallel rays by means of a lens system. After passing
through a special lens system it becomes a plane polarized ray to
be projected throngh the light valve. The complete process ismuch
too involved to be of interest to the student at this point. The
important point to remember isthat the Kerr cell did play animpor-
tant part in the development of television.

8. FIRST ATTEMPT TO COMMERCIALIZE. In this same year (1927),
Belin and Holweck achieved a certain measure of success in trans-
mitting what amounted to outlines and "shadowgraph" by means of
their cathode ray television system. Judging from the number of
successful television demonstrations which made them a major event
in the story of television, the year 1927 may be rightly termed the
date of television's "coming out party."

The first public demonstration of television probably took
place in a London theatre in July, 19%0. At this time, living ar-
tists and motion picture film were transmitted from a studio in Long
Acre and reproduced on a multi-cellular lamp screen on the stage.
In this same year, M. von Ardenne in Germany began his researches
on cathode ray systems for the receptionof cathode ray images and,
a little later, was the first toproduce results comparable to those
of mechanical scanning devices.

Meanwhile, let us see what has been happening inour own coun-
try, the United States. The previously mentioned experiments of
Jenkins were successful enough that several companies, around 1927
and 1928, undertook the manufacture of television receivers and
television' receiver kits. A few scattered broadcasting stations
began furnishing experimental programs. Thesepremature commercial
attempts were doomed to failure on two counts from the very start.

13



In the first place, it took more than a flickering 45 or 60 line
picture a little larger in size than a postage stamp to hold the
interest of a public already accustomed to the high perfection of
similar entertainment obtainable at any motion picture house; and
secondly, satisfactory program material was not available. The
public admitted that as a scientific toy, this television baby was
marvelous, In' the same breath, they admitted their willingness to
wait until "it was perfected." Thus, with a distinct lag inpublic
interest came the closing, one by ome, of the television broadcast-~
ing schedules and, likewise, the deflationof many promotional bal-
loons.

From time to time in the succeeding years, there has appeared
at various functions overthe country traveling shows that were ad-
vertised as television demonstrations. Prominentin this group was
an individual by the name of Sanabria whose chief claim for fame
seems to have been his own ingenuity and the design of a multi-
spiral disc (to reduce flicker), rather than the excellence of the
demonstration. The best that could be said of these types of dem-
onstrations was that they kept the layman satisfied with their
radio sets while the research groups of various radio companies
labored secretly behind locked doors on television equipment 'which
was far more advanced than anything the public had ever peen priv-
ileged to see.

During 1928 and 1929, most of the television research work in
this country was confined to the television laboratories of the Gen-
eral Electric Company in Schenectady, New York, and the Westinghouse
Manufacturing Company in Pittsburgh, Pennsylvania. The work which
was carried on under the direction of Dr. Alexanderson at General
Electric and V. K. Zworykin at Westinghouse laid the foundation for
our present television system in this country. The formation of the
RCA Victor Company (now known as the RCA Manufacturing Company) in
Camden, New Jersey, in 1929, attracted men prominent in tefevision
research from both companies and made possible RCA's outstanding
coniribution to both research and development in the television
field.

A noteworthy example of individual contributiom to the tele-
vision art was a special form of photoelectric'cathode ray tube
which was developed by P. T. Farnsworth for use in his own tele-
vision transmitting system. PFarnsworth originally established his
company on the West Coast and then later came to take over the tele-
vision activitiesof the Philco Radio Company in Philadelphia, whose
chief interest in television was, admittedly, television receiver
development. Shortly thereafter, however, Mr. Farnsworth established
his owd separste company in Chestout Hill at the outskirtsofPhil-
adelphia and continued his television research work there.

9. FIRST ELECTRONIC RECEIVERS. During the years that have
followed since 1980, so many interesting and important eveats have
occurred in the process of television development both here and
abroad that it would be utterly impossible to give a complete ac-
count ina short history suchasthis. Therefore, only those events
considered as being of major importance can be recorded.

Probably the most active in television researchin this country
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is the RCA Company, locatedin Camden, New Jersey. During 1931 and
1932, this company installed studio and transmitter equipment in
the top of the Empire State Building in New York City for the pur-
pose of making actual field tests, Two transmitters were used, one
being for the picture and theother for thesound. Mechanical scan-
ning equipment was used in the transmission of both motion picture
film and studio pickup. At first, only 120 line pictures were pro-
duced, but later this number was increased to 180, each having a
picture repetition frequency of 24 per second. These transmitters
were operated in the experimental television band, located between
40 and 80 megacycles. A pictureof the RCA antennas atop the Empire
State Building is shown in Fig. 7.

Fig.7 Television Antenna at top of Empire State Building.

These tests inaugurated the use of higher frequencies for the
transmission of television signals by radio (the band being around
6 meters). It had long been apparent that if we were to have pic-
tures that wonld compare in definition and cleamess to those found
at a motion picture theatre, those wavelengths found in the normal
broadcast band would be entirely inadequate. The frequency range
lying between 40 and 80 megacycles was found to be suited for this
type of transmission. In addition, it provided ample room for the
increase of picture detail which was naturally expected to follow
in the course of the development of the art.

While transmission was mechanical, reception was accomplished
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entirely by electrical means. The experimental television receiver
employed a cathode ray receiving tube having a diameter of 9" and
showing a greenish-colored picture. The sound was received in the
same receiver cabinet by means of a separate sound receiver having
its own controls,

Much interest was evidenced in New York City concerning the
television activities at the top of the Bmpire State Building, but
the only information available was that which the individual could
obtain through his binoculars focused on the top of this building.
Absolute secrecy was maintained throughout these early trial periods.
These tests indicated, among other things, that first, with only
180 lines, the picture and subject material had to be carefully se-
lected to have any entertainment value; this called foraa increase
in the number of lines; and second that the mechanical scanning ar-
rangement used was not flexible enough for satisfactory studio or
outdoor pickup.

L>S

Fig.8 The "Electric Eye" called the lconoscope by RCA.

10. FIRST ELECTRONIC TRANSMISSION. By 1933, most of these
objections had been partially overcome.

The idea which Carey had attempted to demonstrate more than
50 years back when he tried to use individual cells in the trans-
mitting device had now been developed to a point where practical
demonstrations were made. The device invented to accomplish this
took the form of a special television transmitting tube and became
known as the "iconoscope" by the RCA Company in whose laboratories
it was developed. A picture of this tubeis shown in Fig. 8. Per-
haps no single development since the advent of the Nipkow disc has
influenced the progress of television to the exteni as has this
special transmitting tube. You will recall that in Carey's device,
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he nsed less than ahundred individual cells, but in this tube, the
screen ormosaic upon which the picture is focused actnally contains
what amounts to some 800,000 individual photoelectric cells! Fur-
thermore, this screenis scanned electrically and not mechanically,
for there is not a single, mechanically-moving part in the entire
system!

This tube is so truly remarkable in its coaception, yet com-
paratively simple in its design that one cannot read about it with-
out feeling an increased respect for the ingenaity of the human
mind. For the first time, television could see the ultimate real-
ization of its initial dream; namely, that of outdoor pickups, etc.,
which would make possible the transmission of sports events. (A
complete description of this tube is given ina later lesson.) Per-
haps one of the earliest transmissions of out-of-door scemes oc-
curred when the RCA research engineers working with an iconoscope
pickup camera in research laboratories adjacent to the Philadelphia-
Camden Bridge pointed it out the window and watched bridge traffic
as well as pedestrians on the street below. A novel transmission
was made a little later whena partial eclipse of the sun was tele-
vised,

Naturally,. with the advent of the icomoscope, television re-
search and development took on new life and an activity that has
continued with increasing intensity down to the present moment.

11. TELEVISION TESTED IN THE FIELD. During 1983 a more com-
prehensive television system was planned for the Fmpire State in-
stallation in New York City as well as the home apparatns in Camden.

The new equipment when completed in Camden made possible the
transmission and receptionof the television pictures consisting of
240 lines repeated 24 times per second. In ordertogive television
an' actual field workout, arelay station waslocated 64 miles south-
west of New York City and 23 miles from Camden on the top of Arney's
Mount; This relayed the Empire State transmissions from New York
City to Camden. A second remote pickup station was established up
the Delaware River, amile from the Camden terminal. Receivers were
located in a home in Collingswood, New Jersey, an airline distance
of approximately four miles from the Camden transmitter. A map
showing these locations is given in Fig. 9. A more intimate know-
ledge of this setup is interesting. When all equipment had been
built and installations made, it was possible to originate a pro-
gran at New York City in the top of the Empire State Building and
then by short wave, transmit it to the antenna on Arney's Mount where
it would be retransmitted on a different wavelength to the top of
the building housing the research laboratories in Camden in which
the control room was located. This point served as the clearing
house for all programs and from here they were sent through a spec-
ially constructed 1500 foot cable tothe television transmitter lo-
cated in another building; here again the signal was put on the air
for its final journey to the receivers located four miles away. At
the second remote point (up the Delaware River) was located the out—
door pickup and from this point pictures were transmitted by radio
to the control room, where, as in the caseof the New York signals,
they were monitored, then retransmitted for actual reception.
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Fig.9 Map showing first television network.

Thus it is seen that with so comprehensive a plan embracing
practically every phase of the television activity, television was
given its first real workout.

Both picture and sound were available at the receivers. The
New York pictures were composedof 120 lines, while those originat-
ing in Camden were made up of 240 lines. A typical program consisted
of a motion picture transmission from New grk City, followed by a
short musical program from the Camden studio along with pictures of
street traffic (involving a fake automobile accident) and zable ten~
nis. Wrestling matches were originated at the point up the river,
and then a switchback to the projection room of the Camden studio
where a final motion picture film was shown. These tests were so
successful and the viewers located at the receiversin Collingswood
saufficiently impressed that it is believed if the financial condi-
tion of the country had warranted it at that time, plans for the
immediate commercialization of television would have been made.
Instead, and fortunately perhaps, an additional period of research
and development was agreed upon. The high state of development of
the motion picture art automatically provided a critericn of such
perfection that television pictures at this time suffered by com~
parison. It was quite evident that pictires must have still more
detail and much less flicker than afforded by a 24 picture per sec-
ond repetition frequency. Considering the rate at which picture
lines were being increased and, consequently, the width of the band
of frequencies required for transmission, engineers set about to
find some method by which they might increase the number of appar-
ent pictures per second without greatly increasing the required
frequency spectrum. .



The idea of interlacing was resorted to. (You will remember
that Sanabria had made the use of this same principle with the
triple spiral disc several years prior to this time.) Interlacing
consists of scanning the odd lines of an entire picture first and
then returning to scan the even lines in the same picture, thereby
making two complete scans of a single picture. Now, since they were
using a scanning rate of 24 complete pictures per second, it was
decided to double this by the interlacing method and obtain 48 fields
per second, whilestill retaining the 24 complete picturesor frames.
This idea was taken from the motion picture arts, since they show
24 pictures per second, but break it up by means of a shutter to
give the effect of 48 and thereby reduce the flicker. This scanning
arrangement worked, but had one very distinct drawback; namely,
since all of the equipment was operated from a 60 cycle line, it
was necessary to carry filtering of the voltage supplies to an im-
practical degreeof perfection if they were to have either satisfac-
tory interlacing or hum free pictures.

12. TELEVISION EXPANDS. Fromthisit wasdefinitely concluded
that the sensible thing todo was to increase the frame frequency to
30, thereby making the field frequency equal to 60 and synchronous
with the power line frequency. Consequently, by the close of 1934,
we find transmission being carried on, using 343 lines to the com-
pleted picture which was repeated 30 times per second. (This is
equnivalent to 60 fields of 171z lines each.) The year of 1935 was
one of changes during which both the RCA and Philco companies changed
all of their transmitting and receiving equipment over to the newly
accepted plan of 943 lines, 30 frames.

During this same year, these companies had a visit from the
television committee which was designated by the British government
to investigate and report on the status of televisionin the United
States. These gentlemen seemed quite duly impressed. Their report
to the British government was inpart as follows: "We have come to
the conclusion that a start could best be made with a service of
high definition television by the establishment of such a service
in London., It seems probable that the London area can be covered
by one transmitting station, and that two systemsof television can
be operated from that station. On this assumption we suggest that
a start be made in such a manner as to provide an extensive trial
of two systems under strictly comparable conditions by installing
them side by side at a station in London where they would be used
alternately—and not simultaneously for a public.service..... We
recommend that the Baird Company be given an opportunity to supply
the necessary apparatus for the operationofits system at the Lon-
don station and that the Marconi-EMI* Company be given a similar
opportunity in respect to operation of its system also at that sta-
tion..... Lastly, we are quite unable to agree that there is no
urgency. On the contrary, our inquiries convince us that, apart
altogether from any questionof scientific prestige, any delay would
be most regrettable; and we feel that, if our conclusions are ac-

1 The Marconi-EMI Company in England compares with the RCA Company in the United
States. These two companies have working arrangements on television,
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cepted, it is most desirable that the minimum amount of time should
be lost in giving effect to our recommendations."

By July, 1936, the Radio Corporation of America had expanded
its television facilities to include studiosin the RCA Building at
Radio City as well as the transmitter which was located in the top
of the Empire State Building. All equipment had been made to con-
form to the idea of 948 line transmission.

At this time, the president of RCA, Mr. David Sarnoff, in his
report on the status of television, made this significant statement:
"This corporation is second to nonein the scientific and technical
development of television. We have gone much beyond the standards
fixed elsewhere for experimental equipment, but this is a far cry
from the expectations of such a service aroused by pure speculation
on the subject. There isalong and difficult road ahead for those
who would pioneer in the development and establishment of a public
television service."

On July 7, RCA staged their first planned show over the newly
installed New York equipment. The invited guests who viewed the
performance at Radio City were licensees of the Radio Corporation
of America. Theprogram consisted of, first, a conversation between
Yajor General J. G. Harbord, chairmanofthe boardof RCA, aad David
Sarnoff, president, sitting at a desk reviewing televisioa's prog-
ress. Then came a dance by twenty girls introduced as the Water
Lily Bnsemble. A film was then shown, featuring the streamlined
train, Mercury. A glimpse of what is ahead in the world cf fashion
was given by models from Boawit Teller. Acdditional films were shown
and Henry Hull, actor, entertained with a monologue of his role in
"Tobacco Road." Graham McNamee and Ed Wynn showed what comics may
do in the future. A filmofarmy maneuvers then ended the perform-
ance,

The greenish-hued images which the radio manufacturers viewed
measured 5" x 7", reproduced by a 33-tube instrument, equipped with
14 control knobs.

0f minor importance, yet significant, was the fact that this
television program inaugurated demonstrations of a completely elec-
tronic television system. Prior to this time, a motor driven disc
had been used to generate the synchronizing signal.

In the latter part of 19%6, two other events made television
history. One was the televising of the Olympic games at Berlin,
Germany. The other was the official opening of the Alexandra Pal-
ace, England's first television station at 3:00 p.m., November 2.
(The first public transmission, however, from this station occurred
during Angust.) The dedicatory remarks of someof those participa-
ting in the program are interesting, and therefore, are given in
part. Llord Selsdon, chairman of the English television committee
said: "From the technical point of view, I wish to say that my com-
mittee hopes to be able, after some experience of the working of
the public service, definitely to recommend certain standardsasto
numberof lines, frame frequency, and ratio of synchronizing impulse
to picture.” Fromthe speechof the Postmaster General: "On behalf
of my colleagues in the government, I welcome the assurance that
Great Briatin is leading theworldin the matteroftelevision broad-
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casting, and, in inangurating thisnewservice, I confidently predict
a great and successful future for it."

The government followed the recommendations of the television
committee regarding the use of two different systemstobegin with,
both of which were to be housedin the Alexandra Palace. The Baird
system used 240 lines, 25 picturespersecond; the Marconi-EMI sys-
tem used 405 lines with 25 picturesper second, interlaced scanning
(giving, of course, the appearance of 50 pictures a second). For
direct television, the Baird system made use of intermediate film
and the image-dissector, while the Marconi-EMI Company used the
iconoscope camera (called the emitron). For film trensmission, the
Baird Company used mechanical scanning, while Marconi-EMI used the
icomoscope camera. (In February of the following year the Baird
Company system was dropped, the Marconi-EMI system having proved
the more successful in the test.)

Some hint as to the success and popularity of these televised
programs may be gained froman editorial which appeared inaBritish
magazine, Television and Short Wave World of December 1936. "At
this early stage, it would be manifestly unfair to unduly criticize
the programs transmitted from Alexandra Palace, but we are omnly
voicing the general opinion when we say they do not come up to a
standard which the degree of technical development warranots.....
On many occasions there have been intervals (no program) totaling
over 15 minutes inabrief hour's program. It should be appreciated
that ownersof television receivers are not disposed to runamatter
of 20 valves (radio tubes) plusthe cathode ray tube merely to hear
a few gramophone records; neither are they pleased to have to sit
and look at the hands of a clock.....

"Our second great grumble concerns the repetition of material
that ispresented. Particularlyisthisthecase with films. Every-
body has seen the film 'Television Comes to London,' so many times
that the point of boredom has long been passed....."

As the student may have surmised, the British television sys-
tem is under direct governmental supervision and contml, This is
true also of the television activities in most other foreign coun-
tries. In the United States, television like most other business
owes its development to private initiative.

13. MODERN TELFVISION DEMONSTRATIONS. On August 11, the Phileo
Radio and Television Company of Philadelphia, Pennsylvania, gave its
first television broadcast demonstration to a group of over a hun-
dred newspaper men gathered at a point seven miles from the trans-
mitter) Regarding this demonstration, the Philadelphia Record had
this to say: "Television came out of the laboratory and into the
home in perfect form yesterday in Philadelphia..... Reception com-
pared favorably with home motion pictures..... The pictures them-
selves flashed on a panel atop the receiver, measuring 73" x 83",
They hadno faint greenish tinge, but were straight black and white."
These. pictures consistedof 3¢5 lines and the program, which lasted
55 minutes featured the radio commentator, Boake Carter, in conver-
sation with several member of the newspaper fraternity overatele-
phone line. In addition to this the program provided music, a box-
ing match and also some reels of motion pictures.
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On February 11, 1937, exactly sixmonths laterto the day,- this
same company gave another demonstration for the press at which time
a 441 line picture was used. The story of this event and the reac-
tion of the average individual who saw it is found in an article
printedin the Philadelphia Inquirer on Friday morning, February 12.
The article is titled, "Television Gals Float, Boys Gloat," and a
subtitle, "Pretty Models Steal the Show by Wearing and Bearing."
The article goes on to say: "Shapely maidens floated through the
air over Philadelphia yesterday, but not a neck was craned upward.
For fifteen minutes, the coy lassies showing for the most part and
for the lesser part the sheer, flimsy lingerie they modeled, glided
through the ozone. Their route extended three miles over oneof the
busiest sections of the city—

"But, gosh, don't get all worked up; you couldn't have seen
them if you had tried. That is, unless you were among the hundred
guests who huddled around receiving sets in the FIRST large scale
demonstration of television, 19%7 style.

"And, men, it's okay."

The FIRST 441-line picture in this country and perhaps in the
world was produced in the laboratories of this same company on No-
vember 21, 19%6.

It should be pointed out that none of these demonstrations in-
volved the discovery of new ideas, but rather they exhibited the
improvement possibilities for existing apparatus.

In commenting upon the development of television in this coun-
try early in 1937, just after the adoption of the 441-line picture
standards, David Sarnoff, president of RCA, said; "Developments here
and abroad have demonstrated the fact that RCA is in the forefront
of technical development in this new and promising field. Recent-
ly the authorities responsible for television in Fngland adopted
the Marconi-EMI system of television in preference to the other
systems they tested. The system thus adopted and the English stan-
dard, is based on RCA invention. In our own country, the Columbia
Broadcasting System has just announced its plansto enter the field
of experimental, high definition television."

In reciting the more recent events in the progress of televi-
sion, one must not overlook the activitiesof the Don Lee Broadcast-
ing System on the West Coast. Television broadcasts were inaugu-
rated on September 1, 1936, under the unusual condition that the
sound portion of the television program was broadcast over KHJ, Los
Angeles, on the regular broadcasting band, while the television por-
tion of the program emanated from ;gXAD, the television transmitting
station. Later, the sound aswell as the picture, was broadcast in
the high frequency spectrum around six meters. During the first
two years of the operationof this company's television station, it
probably had to its credit more actual program timeon the air than
the other experimental stations of this country all combined. A
picture of a portion of their equipment is shown in Fig. 10.

In May of 1937, television chalked up another red letter day
when the British Broadcasting Company was able to televise the Cor-
onation procession. Although the televising of the Coronation pro-
cession was not the first actual outside broadcast that had. been
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Fig.1d Mr. Lubke, Chief Engineer of W6XAO, shown with portion of
the 2quipment at that station. He isholding late model iconoscope.
made, it was the first to employ outside equipment and it did vary
materially from the transmissions which had taken place within the
precinct of the Alexandra Palace.

[t brought into service for the first time the British Broad-
casting Company's newmobile unit. Owing to technical reasons which
limited the length of the cable connecting the television cameras
with the control rcom, previous television outside broadcasts had
been confined to the grounds of the London television station at
Alexandra Palace. This mobile unit consisted of three vehicles,
each the size of a large motor coach. [n one was the television
control room, containing all the necessary equipment for the oper-
ation of three television cameras. The second contained a 1 kw.
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ultra short wave vision transmitter. The third unit provided for
the power supply in the event that asatisfactory comnection to the
power company's mains was not available. A picture of the RCA mo-
bile unit is shown in Fig. 11.

With the advent of the all-electrical television system, one
would naturally conclude that the curtain had been rung down once
and for all on all mechanical devices. Tae facts are quite to the
contrary as we shall presently see, for apparently those who spon-
sored mechanical systems set about with renewed determination to
prove their actual superiority under certain conditions.

Fig.11 RCA-NBC Portable Television pick—up Equipment,

14. POSSIBILITIES OF CHAIN TELEVISION. Meanwhile, between
Philadelphia and New York City there had been completed & special
telephone cable by the Bell Telephone Laboratories of New York for
the purpose of transmitting carrier channel telephony. This cable
was known as the "coaxial" type and had a frequency characteristic
such that it offered for the first time on a single cable the pos-
sibility of 240 different channels for a telephone conversation;
that is, 240 conversations could be carried on simultaneously with-
out interfering with each other. Although the lengthofthis cable
was something arouad 90 miles, yet intesting this multiple channel
system, the channels were connected end to end so that the equiva-
leat length of the circuit was 3800 miles, looping back and forth
through the same cable some 45 times. Satisfactory telephone ser-
vice was possible even over this arrangement,

Since this cable had a frequency characteristic that was good
up to a million cycles, it was decided by the Bell Labs to give it
a tryout in the transmission ofa television picturc. Consequently,
on November 9, 1937, a demonstration was given for executives of
the American Telephone and Telegraph Company and operating Bell
Telephone Company. The program was originatedin New York City and
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. Fi%ﬁlz The Bell Telephone's Television Equipment. This was used
or

e cable trarsmission between New York and Philadelphia.

received in Philadelphia, A view of the transmitting equipment is
shown in Fig. 12. Many of those who viewed the demonstration felt
that the images produced, while based on the limited possibilities
of 240 lines and 24 {rames (withkout interlacing) were the equal, if
not actually superior to the 441-line 30 frame interlaced images
recently demonstrated in New York and Philadelphia. The receivers
used were the conventional cathode ray tube type, producing a pic-
ture about 7" x 9% in size, green in color. The scanner at the
transmitting end consisted of a6' steel disc, rotatedat 1440 r.p.m.
and in which was set 240 high speed lenses, each located at the same

radius from the center. The picture transmitted was obtained from
film.
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15. COLOR TELEVISION, In the winterof '37 and '98, Baird in
England transmitted, for the first time by wireless, television in
color. A flag, for example, could be held in front of the camera
and be reproduced at the receiver in natural colors. The pictures
were produced by optical mechanical methods and three light sources
were employed, blue, green, and red. On February 4, a public dem-
onstration was given by Baird at the Dominion Theatre. The repro-
duced pictures were 12' x 9' and were transmitted by radio from the
south tower of the Crystal Palace on a wavelength of 8.9 meters.
The color was said to be extremely good and, on the whole, more
pleasing to the eye than some of the colored motion pictures.

Fig.13 A German Cathode Ray Projector fnr Television.

16. GERMAN TELEVISION. Television has not, been limited as
to its field, for there is a great deal of activity and interest
in both France and Germany. What is said to be the world's most
powerful television station is now nearing completion in the top
of the Eiffel Tower in Paris., Television developments in Germany,
too, have been keeping pace, if not running a little ahead in that
the German engineers have been very keen to develop the commercial
side of television where applicable to telephone use. A service
has been in operation for some time between Berlin and Leipzig (90
miles). This has proved so satisfactory that the service is being
extended so that 30 telephone calls with vision may be made simul-
taneously.

In addition to this, it seems that Germany has produced one
of the most outstanding television exhibits (which opened August
5, 1938,) from the standpoint of demonstrative results that has
ever been given, The work and equipment of the Fernseh A.G. Com-
pany was perhaps most outstanding for they were showinga 10' x 12!
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picture projected from a cathode ray tube employing between 60,000
and 80,000 voltson the anode! One early German model of such equip-
ment is shown in Fig. 13. According to one correspondent, "In my
opinion,- this picture is the best television ever shown in public.
In all respects, size, brightness and definition, and halftones,
it was practically equivalent to a cinema picture..........” The
picture was composed of 441 lines and was scanned by a disc at the
transmitter, Quoting the same correspondent further, "The con-
struction of this transmitter must rank as one of the outstanding
feats of precision engineeringof our time." Receivers were avail-
able which used a 20" cathode ray tube and produced black and white
pictures of emormous brilliance., In addition to the disc, Farns-
worth image dissectors and RCA iconoscopes were also available for
use. In most instances where mechanical scanning is used, it will
be noted that motion picture film or lantern slides usually form
the subject material.

In the light of recent mechanical demonstration, it was seen
that for the transmission of film, mechanical scanners have been
developed to a state of perfection surpassing the results obtained
by the iconoscope camera. However, for portability and for live
subject matter the camera type of transmitting tube has no equal
to date.

In connection with German television development, we must not
overlook the process knowa as intermediate film transmission, In
this case, a special camera employed a loop of motion picture film
operating through a special developing tank. The procedure was to.
take pictures much in the same manner as is done by motion picture
cameras and then these films were developed and scanned; as the
reel continued to pass through the equipment, the old picture was
removed and replaced by a newly sensitized film, ready again for
the camera., From the time the camera took the picture uantil it
was scanned for transmission, only 12 seconds elapsed. A similar
process was used at the receiving end with the exception that the re-
ceived picture impulses, having been transferred into light, exposed
the film which wasin turn deve%oped and then projectedon the screen
much the same as an ordinary motion picture.

17. OTHER HIGH QUALITY TELEVISION. In England, the Scophony
Company has also produced surprising results with large-sized pictures
using mechanical scanninp for reception. They haveahome type re-
ceiver with a screen 22" x 24" and a motion picture type with a screen
4' x ', They have also developed 405 linemechanical scanners for
transmission,

We have seen how most of the television developments in this
country have been confined to the east and west coast. However, in
the early spring of 1938, . Midland Television, Inc., demonstrated the
first high definition, 441-line television system to beput in oper-
ation in this country west of Philadelphia. A pictureofMidland's
television equipment is shown in Fig. 14.

On June 7, the National Broadcasting Company made television
history when it transmitted a Broadway play from New York's Radio
City. The play, "Susan and God", was presented by John Golden and
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starred Gertrude Lawrence. The old expression, taken from Shake-
speare's work, "All the world's a stage," isnow takiag onanew and
fuller meaning. ’

18. RMA TELEVISION STANDARDS COMMITTEE. Behind the scenes of
television development in this country, there is one group hereto-
fore unmentioned that must at this time take the spotlight; namely,
the Radio Manufacturer's Association Committeeon Television. Since
1935, this committee hasbeen active in formulating tentative stand-
ards and evaluating progress made by various companies engaged in

/I
Py
Fig.14 Midland Television's control Room gEquipment. The tele-

vision picture shown on the monitor is a telexised photograph of a
movie actress.

television research. When cathode ray television began to emerge
from behind locked doors im 1934, there was no agreement among the
various companies on what constituted a good television picture.
In fact, there were as many different ideason television standards
as there were experimenters. Now, we find the industry, the techni-
cal part of it at least, presenting a solid front on television
standards and with such good effects that their recommendations have
been accepted, substantially, by the Federal Communications Commis-
sion in setting up the allocations for the ultra-high frequencies,
(In June, 1998, all television standard recommendations had been com—
pleted for this country.)

As we look back on what has gone before in the development of
television, it seems quite probable that no present day art repre-
sents the adaptation of more diversified ideas from scientific de-
velopment than does television. To even begin to understand the

28



fundamentals of its workings, we must know something about electric-
ity, electronics, chemistry, and optics. Consequently, you, the
student, unlike Alexander the Great, need not despair for fear the
day of great exploits is over. Therearemany new scientific worlds
to conquer. As David Sarnoff so aptly said, "Orce we faced the
frontiers of geography; today we face the infinite frontiers of
science."

29



EXAMINATION QUESTIONS

INSTRUCTIONS. Before starting to answer these examination ques-
tions, you should have studied the lesson material at least three
times. Be sure that you understand each question--then proceed to
write the best answer you can. MNake all answers complete and in de-
tatl. Print your name, address, and file number on each page and be
neat ln your work. VYour paper must be easily legible; otherwise,
1t will be returned ungraded. Finishthis examination before start-
ing your study of the next lesson. However, send ln at least three
examinations at a time.

1. By whom and when was the first television,-or rather, fac-
simile, picture transmitted?

2. What fundamental principleof television picture transmis-
sion was embodied in Carey's experimeat?

3. For what is Paul Nipkow famous?

4. What two men were prominent (one English, one American) in
the first practical demonstrations of television?

5. What is the difference between wirephoto and television?

6. Name two technical difficulties which hindered television
progress in its early stages.

7. What invention took television out of the laboratory into
the street?

8. How does the United States differ from England and most
foreign countries in the control of television?

9. Why was the broadcasting by television of the Coronation
of particular significance?

10. Has electronic television entirely supplanted mechanical?
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(These extra pages are provided for your use in taking special notes)
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SMOKE & DRUMS

..... tne wireless of plain and jungle.

Today, smoke rising into the sky represents industry.
But in the day of the settler who traveled to our great
plains region in covered wagons, columns of smoke rising
into the sky spelled 'danger'. American Indians used the
smoke system of communication to excellent advantage. And
it was not long before the settlers themselves signaled to
each other in dots and dashes composed of smoke.

Progress has eliminated this picturesque method of
communication from the American plains. Instead, radio
waves bounce against the Heaviside layer and back to the
antennas of thousands of radio receivers. But progress
nas yet to silence the eerie beat of signaiing drums deep
in tne jungle country. Staccato beats, rolling beats,
slow beats booming through the night, carry messages of
high importance to the listening savages..... and often
bring chills to jungle travelers. War, peace, sickness
and disease, the coming of a Doctor, or the arrival of a
trader are announced by the native drum *operators®. They
are just as important to |ife and commerce in the jungle,
as the skilled radio technician is to Iife and commerce
in the civilized worid. While the American Indian has
come to accept radio as 'just another addition to the
pleasure of living®, the jungle folk who have heard radio

receivers talk and singarestill mystifiedandoften times
afraid.

But progress cannot be denied. Radio will penetrate
the jungle just as it did the plains. And television
will follow. 1t is ambitious men like you, who today are
training, will tomorrow carry radio and television to new
fields, greater accomplishments, and a better Iife.



Lesson Two

PRINCIPLES y

of L)

SCANNING .o (& i

4 —

"While this lesson
is to be devoted to a
study of scanning as it
relates to mechanical sys-
tems, still I do not want
to give the idea that we are
recommending the use of mechan—
ical scanning over that of elec-
tronic scanning. It is my sincere
opinion that if a student first secures a thorough and comprehen—
sive understanding of the older mechanical systems, he will then
be able to grasp more readily the principles of the more modern
electronic system.

"At the time this is being written, there are practically no
mechanical scanning systems in use in the United States; all com-
panies except oneareusing the electronic method. However, in England
vhile the electronic method seems to prevail, still there are some
very satisfactory pictures being reproduced using mechanical scan-
ning equipment; therefore, we feel as though your time vill not be
wa,stes by learning the fundamental principlesof this type of scan-
ning.

1. NEED FOR SCANNING. Inthelesson just completed, you stud-
jed about the many attempts madeto duplicate theactionof the human
eye. While that would be the Utopia for television, still it ap-
pears as though a substitute is going to have to be used if suc-
cessful picture transmission is to be realized. 0f the equipment
available today, nene is capable of duplicating the action of the
eye; therefore, successful television was impossible uptil the in-
vention of the Nipkow scanning disc.

A more complete understanding of the problems involved in tele-
vision can be had by comparing present television systems with two
more familiar functions. The first of theseisthe ordinary photo-
graphic camers and its contemporary, the motion picture camera;
while the second is the marvelous action of the human eye. While
these two functions have no direct relation to television, still
we feel as though the time spent in learning more about their op-
eration will enable you to better understand the problems which
you are now going to study.
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2. THE CAMERA. The actual chemical analysis necessary to ex-
rlain the process of taking a photographic pictureis quite compli-
cated. Therefore, in this lessonwewill cover only the high spots
of such an explanation, giving you enough information to understand
the processes involved.

The function of an ordinary camera canbe described as follows,
Through the use of a lens, an imageof the object to be photographed
is focused sharply on a sensitized plateor film. A shutterisused
so that the film can be exposed for the correct lenpth of time.
After the film has been exposed, it is carefully kept from light
and then placed in a chemical solution known asa developer. After
a short length of time, the silver saltin this film, at those por-
tions corresponding to the bright portions of the image will turn
dark. Less bright portions of the image will show less darkon the
film, and soon; thus forming a readily recognized image. The chem-
ical action of the developer changes the light struck portions of
the silver salt on the plate or film into metallic silver which
arpears black.,

After a certain length of time in developing, the process must
be stopped or the entire film would turn black. Accordingly, the
film is next immersed in a fixing bath, known as hypo. This solu-
tion dissolves the silver salt which has not already been reduced
to metallic silver and this makes the image permanent. After this,
the film is thoroughly washed in clear water and then dried.

The film just prepared is now called a negative. It is poss-
ible to print from this negative, positive prints in which the blacks
and whites arein their proper relation. These prints are prepared
on specially sensitized paper. It is also necessary to put this
paper through certain chemical processes in order that the picture
will remain permanent.

In considering the negative, it is called a negative because
the white portions of the picture are black and the black portions
of the picture are light, or white. Therefore, the image is re-
versed. When a positive print is made fromanegative, the process
is reversed and the black and white portions of the picture appear
in their natural relationship.

From this discussion, you can see that an image of the picture
desired is etched on the film, or plate, showingin black and white
every detail of the picture to be transmitted or preserved. The
entire process, however, has involved a considerable periodof time.

3. THE MOTION PICTURE PROJECTOR. Motion pictures as we know
them today, are made possible through a certain peculiar, physical
characteristic of the eye. This phenomena of the eyeiscalled the
"persistence of vision", or the "retentivity" of the eye. It is
explained as a property of the eye, having the power to continue
seeing an object even after that object has moved on. In other
words;, when our eyes view an imayge and then the image is suddenly
removed, our eyes have the property of momentarily retaining an
impression of that image.

Therefore, motion pictures as we know them today arenot really
moving, but rather are taking advantage of this peculiar property
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Fig.1 A photograph of apiece of movie film. By looking closely
you can see themotion which has taken place as the frames progressed.
of the eye known as "persistence of vision". Through this peculiar
property we are presented unusual entertainment and with the add-
ition of sound, the illusionisperfect. A few years ago, the mov-
jes were not as good as we know them today because the engineers
had not learned to take full advantage of this peculiar retentivity
property of the eye.

In order to make the picture move, a aumber of still pictures
are used, each of them having various persons in a certain action,
in certain fixed positions that have a continued relation one to
another. These separate and individual scenesareall attached to-
gether on a lonz strip of film., Such a film is shown in Fig. 1.
This film is then run through a special machine known as a "motion
picture projector”. This projector causes these photographic views
to be flashed on a screen at the rate of 24 per second. A motion
picture projector is shown in Fig. 2. Through the use of a mech-
anism known as the "intermittent sprocket", each pictureisactually
stopped before a light sate for a very small fraction of a second
and the image of it remains on the screen for that short time,
After the eyes have viewed it, a shutter is automatically moved
before the light and the picture is cut off the screen. For this
small fraction of a second, the screen isactually dark, and during this
short interval another picture is antomatically placed before the
light gate and the action repeated. As a result of the lag in the
eye, the individual pictures that are proj ected on the screen blend
into one another and the reaction on the brainis that the pictures
really move,



Fig.2 A modern motion picture orojector.

This explanation might lead one to believe that the develop-
ment of the motion picture art was comparatively simple. However,
this was not the case since motion picture machines did not arrive
in their present perfected state but were only developed through
many long years of experimentation and hard work,

The photographic views used in movies are made at the rate of
24 per second. Then they are printed in a direct progression on a
ribbon of film one and three-eighths inches in width and between
one thousand and two thousand feet in length. Each view is con-
densed into a rectangular shape approximately one inch wide and
three-quarter inch high. Each individual picture is then called
a "frame". To each foot of film there are sixteen of these frames.
In the normal operation of a projection machine, 24 frames are
flashed on the screen each second. This results in the film being
run at a speed of 90 feet per mimite. Standard film as used in
motion picture workis 35 millimeters (mm) wide which also includes
the space allowed for the sound track. Small home movie film is
either 16 or 8 millimeters wide. At the present time they are
starting the application of the sound track to 16 millimeter film,
but so far, sound is not included on the small 8 millimeter type.
(There are 26 millimeters in an inch.)

In the earlier daysof the movie industry, motion picture pro-
jection machines were operated at 16 frames per second. However,
the engineers found that this came too close to the allowable changes
to take full advantage of the retentivity of the human eye. There-
fore, the speed was changed to 24 frames per second; and while this
produced considerably less flicker, still there wasanother improve-
ment to be had. Today, a special shutter is used which has made
possible the present day flickerless motion picture, This shutter
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has two blades on it. The first blade cuts off the light source
and a new frame is moved in front of the light gate, then the shut-
ter opens the light gate and permits an image to be thrown on the
screen. The shutter continues to revolve and then the other blade
of the shutter cuts off the light source, but during this period,
the picture frame is not moved. As the shutter moves on, the same
frame is again exposed, resulting in two picture exposures for each
frame moved before the light gate. The result of this operation
is that there are, in reality, 48 pictures flashed on the screen
each second, This operation has removed all flicker from present
day motion picture projection.

4. THE HUMAN EYE. In the preceding explanation, we have
discovered one method used in portraying motion. Now we come to
the study of the most perfect means of accomplishing the same pur-
pose.....our eyes., In this lesson we will not go into the optical
properties of the eye, but will reserve that for the following
lesson in which you are studying the principles of optics. How-
ever, at this time it is advisable to present some information on
the working of the eyes in -order that you can better understand
the problems involved in transmitting and receiving television imag-
es.

Fig.3 A diagram of the hu-
man eye, showing the location
of the more important parts.

Except for a small portion at the front, the eye is nearly
spherical, and in adults has a diameter of about one inch. In a
sense, the eye is quite similar to a camera. It consists of a
light proof chamber with a black inner coating. It has a lens and
a screen; the lens throwing an image of the scene before the eyes
on the screen, Referring to Fig. 8, light from an object enters
through the crystalline lens and forms upon the retina at the back
of the eye an inverted image. The retina corresponds to the photo-
graphic plate in a camera. It is a specialized expansion of the
optic nerve through which it transmits to the brain the impression
of the image which falls upon it. In the pupil of the eye is a
circular aperture called the "iris". Through muscular action of
the eye, the pupil becomes very small when intense light is focused
on it and very large in feeble light. Thus, the iris of the eye
corresponds to the stop in a camera.

The surface of the retina is found to consist of a mosaic
made up of an enormous number of elements called "rods" and "cones",
These rods and cones are then directly connected to the brain by
a number of nerve filaments along which travel impulses that are
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dependent upon the intensity of the light falling on each cell.
The images which we see are thus resolved® into a large number of
elements of varying degreesof light and shade. Through the action
of the brain, these varying degrees of light and shades create a
sensation, permitting the brain to tell us a story of what the
eyes see,

In music, the information is conveyed to us over an interval
of time. Imagine if you can what an entire musical selection would
sound like if it were possible to play it all at once. Even by
using your wildest imagination, it would be impossible for you to
name the selection after hearing it. Time is required to play the
selection so that the person, or persons listening may catch its
meaning. On the other hand, due to the eye being made up of an
infinite number of small cells, each having a path to the brain,
the eye is able to transmit a whole picture or scene to the brain
at once. This picture is really not transmitted as a whole unit
but as thousands of separate units and is instantly recombined by
the action of the brain,

If it were possible for us to have, like the brain, thousands
of connections between the television pickup equipment and the
receiving apparatus, scanning would not be necessary. As it is,
like reading the page of a book, or hearing a musical selection,
an interval of time must elapse before the picture can be properly
reproduced, This is due tothe fact that we have only one channel,
not thousands, over which to transmit a single picture.

As described in the preceding lesson, models along the lines
of the eye were actually constructed. That is, separate pairs of
wires were run between each pickup unit and each light unit. How-
ever, the feasibility of such apparatus insofar as commercial tele-
vision is concerned, is readily recognized as impassible.

h. HOW SCANNING IS ACCOMPLISHED. Now since we have no ap-
paratus which will duplicate the action of the buman eye, it has
been found necessary to break the picture up into small sections,
transmit each section separately and then at the receiving end,
put the picture back together in the same orderly procession as
it was torn apart at the transmitting end. All of this must be
accomplished with sufficient speed so as to take advantage of the
retentivity of the eye and thus portray motion. This process is
known as "scanning".

~ When you read a book, you do not read an entire page at once.
Instead, you read each word separately. Dune to constant associa-
tion with words, you do not have to look at every letter of the
word to understand its meaning. Usually a glance at a word as
a unit is sufficient to enable us to understand its meaning. In
order to understand the information contained on a page, you read
the first line across the page from left to right. Then you read
the second line, again starting {rom the left hand side, etc. After
an interval of time, you have completely read, or scanned, the
page.

Before continuing the study of scanning, let us stop for a

1 Resolved. To reduce to constituent parts. To analyze.
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minute and briefly review the various stages through wkich a per-
son's voice passes when it is transmitted. First of all, when
a person speaks into a microphone the sound waves are converted
into varying electrical impulses. These varying impulses of cur-
rent are then amplified many times and used to modulate the car-
rier wave of a transmitter. This modulated carrier wave travels
through the ether to the aerial of your receiver causing corre-
sponding cnrrents to be induced in the antemna. This weak R.F.
signal 1is then amplified, rectified, and amplified again until
both the voltage and current of the audio frequency component is
of sufficient amplitude to operate the loud speaker. These vary-
ing currents then vibrate the cone of a loud speaker causing the
production of sound waves. Notice that the sound waves are im-
mediately converted into electrical impulses and remain just that
notil the final operation wherein the loud speaker reconverts the
electrical impulses into sound waves.

In the transmission of sound, we know that all of the sound
waves combine to form an impulse which is equal to the sum of all
the frequencies involved. It is known for a fact that at some
minute spot on a phonograph recording, all of the frequencies gene-
rated by each instrument in a large symphony orchestra is con-
tained and, at the proper moment of reproduction, this spot caus-
es a harmonious emission of the complex frequencies that caused
it and the resultant sound which we hear again reproduces that
particular cord, or note, from all instruments. The eye takes in
every frequency and impression of every source the instant it re-
gards a particular field of view. No means yet at our disposal
has enabled duplication of this feat.

In attempting to duplicate the action of the eye mechanically
or electrically, the field of view must be resolved or broken down
by the scanning system since this is the only means so far known
to us of analyzing a field of view and yet making it possible for
us to retain its detail. This scanning process must be carried
on so as to secure a series of electrical impulses corresponding
to the light variations in the scene to be transmitted. These
light variations in turn must be picked up by photoelectric cells
so that these impulses may be transmitted either by wire or radio.

A complete study of the photoelectric cellandits applications
will be covered in a future lesson; however, at this point it is
advisable to insert here a simple statement concerning its opera-
tion. The photoelectric cell is a vacuum tube device capable of
changing 1its electrical output with changes of Llight lntensity
falling on its active surface.

Since a photoelectric cell is capable of changing its output
with a change in light intensity striking its surface, it is often
the opinion of newcomers in this field that a scene could be exposed
to a photoelectric cell and in that way an entire image transmitted.
However, impulses that actuate the photoelectric cell are due to
reflected light and it is the average impulse that is transmitted.
Therefore, any attempt to transmit the entire field of view as a
single impulse would be like looking at a field of view through a
ground glass window because nothing but a blur of light would be
vigible, .



By first investigating a phenomenon with which you area little
more familiar, we wi%l lead up to an actual method of scanning.
Take, for example, a newspaper picture. By close observation, you
will notice that the picture is not solid, but is made up of thou-
sands of small dots. If you hold the picture at normal reading
distance, you are not aware of the presence of the dots, instead

Fig.4 A photograph reproduction of a half tone picture.

you notice only the picture. You are not interested in the dots
that make up the picture, soyou hold it at a distance which permits
you to interpolate the information these dots are cemveying. It
may be a persom, or it may be a new kind of an airplane; whatever

the subject may be, that is what you are interested in, not the
dots.

ig.5 This figure shows an enlargeu view or
the square in Fig. 4,
hts and shades of the nicture.

] . the part enclosed
Notice how the various dots make up the

Even better quality pictures such as those shown in magazines
are not solid, but are made up of small dots, A half-tone picture
is illustrated in Fig. 4. Fig. 5 is a magnified section of Fig. 4
showing how it is made up of dots. Small, widely spaced dots form

white or light areas while larze dots closer together form dark
areas. :
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Newspapers use what is known as a 65-line screen. This means
there are 65 dots in a line one inch long, or 4,225 dots per square
inch. Most high guality magazines use a 133-line screen,

Now with all these factsinmind, let us investigate theprocess
of scanning. Suppose we wish to transmit the picture showninFig.
6. If we could take that picture apart in an orderly manner, we
would find it to be made up of an infinite number of dots which are

Fig.6 A half tone photograph reproduction,

black, white, and varying shades between black and white, If these
dots were passed in front of us, orsoarranged that they would ef-
fect some piece of equipment capable of converting the varying shades
of these dotsinto corresponding varying current impulses, then in-
sofar as transmission is concerned, the remainder could be handled
in much the same manner as a sound wave. At the receiverit would,
of course, be necessary to havea reproducing device which would be
capable of converting the variations in current into light variations.
It would also be necessary that these variations of light be pro-
duced in the proper sequence so as to form an image of the original
picture..

Fig. 7 shows the same picture as Fig. 6 except that the top
section has been cut into strips. Notice that these strips vary
in color between black and white. If you were to take oneof these
strips and view it with your eye through a very small cpening, as
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you moved the strip across the opening all you would see would be
2 spot wvarying in shades between black and white.

The purpose of scanning, therefore, is to divide the picture
to be transmitted into small sections in an orderly manner so that
each section may be transmitted separately, thus providing an in-
terval of time so that one channel may serve as the transmission
medinm,
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Fig.7 Showing how the photograph in Fig. 6 is broken up into
scanning strips,

6. FLYING SPOT SCANNING. At this time a brief study of one
method of accomplishing scanning will help the student to secure a
better grasp of the entire problem of television technique. Fig.
8 shows how this television system of transmissionis accomplished.
The lamp shown at M is a powerful mazda lamp which produces a con-
centrated light, focused by the lens Lonthe scanming disc D. The
powerful light produced by the mazda lamp shining through one of
the small, ronnd holes in the disc D, is projected on the subj ect
being scaoned throush the projection lens L1, When hole 1 in the
disc D is at the top, it will cause a dot of lirzht to fall in the
upper right hand corner of the scene to be transmitted. A close
up view of the disc is shown in Fig. 9. As the disc revolves, the
spot of light will move across the image from right to left. The
mask P is nsed so that only one hole can be in front of the light
source at a time and, therefore, only one spot of light is on the
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subject at a time. This mask P is shown in both Fig. 8 and 9. As
hole 1 leaves the light source mask, hole 2 will enter; but because
of its placement on the disc (spiral arrangement) the top edge of
hole 2 will be just at the bottom edgeofhole 1, Thus, two strips
of light will be covered across the image, or subject to be trans-
mitted. As the disc continues to revolve, the entire image or sub-
ject will be completely covered with dots of light. Fach dot of
light will produce a line of light across the sceme. The total
number of dots of light per second will depend entirely upon the
number of holes in the disc and the speed at which it is being

revolved.
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Fig.8 A schematic diagram of a complete flying spot system of
scanning.

The next step in this simple systemof television transmission
is that as each of these dots of light fall on the subject, or
scene, a certain amount of light will be reflected. This reflected
light is picked up by the photocells as shownin Fig. 8. The output
of these photocells is connected to a powerful amplifier so that
their feeble output current will be built up sufficiently to proper-
ly modulate a radio transmitter. As these spots of light streak
across the subject, they will encounter various lights and shades.
In other words, the dark hair of a person would reflect very little
light back to the photoelectric cells while the light skin of a person
would be a good reflecting surface. Awhitebackground ispractical-
ly always used behind the subject so that when a dot of light is
not striking the subject, there will bea reflection from the white
background. As the dots of light streak across thne subject, re-
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flecting more or less light, the output of the photoelectric cells
will vary exactly in accordance with the amount of light falling
on them. This variationin electrical output will cause the trans-
mitter to be modulated just as though a sound wave were being used
in the modulating system.

In this flying spot system of scannling, a means has been found
for taking the scene, or subject, apart plece by plece. Through
the actlon of the photoelectric cells, a means of recording the
lights and shades of the subject has been accompllished so that iis
true contrast can be maintained.

Fig.9 A diagram of a single spiral scanning disc, showing loca-
tion of holes and mask.

The radio waves emitted from the transmitter are propagated
into space to be pickedup by the receiving antenna. The receiving
antenna is connected to aspecial short wave receiver. This receiver
contains a detector and amplifying system similar to that used in
a sound receiver. In this special short wave receiver instead of
putting the output of the amplifying system into a loud speaker,
it is connected to a reproducing device called a "neon lamp", A
composite receiving system is shown in Fig. 10. The neon lamp has
the property of chanzing its light intensity as the amount of cur-
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rent flowing through it changes. The current througzh the lamp will
change in direct relation to the modulation changes at the trans-
mitter. Then, since the modulation of the transmitter is control-
Jed by the output of the photoelectric cells, the output of the
neon lamp will also be controlled by the output of these cells.

With the light from this lamp projected directly on a screen,
there would be nothing but a large blur that would continually vary
in intensity. However, by revolving another scanning disc, similar
to the one used at the transmitter, in front of this lamp, and also
revolving this disc at exactly the same speed as the one used at
the transmitter, the picture can be reconstructed piece by piece

l Reproducing

Motor

Lamp ~
Short
wave
Receiver

scanning
Disc

Fig.10 Composite view of a scanning disc receiving system.

exactly as it was taken apart at the transmitting station. In
other words, when hole 1 of the transmitting disc is in the upper
right hand corner of the scene to be transmitted; hole 1 of the
receiving disc must also show a spot of light in the upper right
hand corner of the receiving screen. If the particular point of
the area being transmitted reflects a largze amount of light to the
photocells, a strong current will be sent through the transmitter,
and the receiver will receive a stronz impulse., This, in turn,
will cause the receiving lamp to glow brightly, thus making this
corresponding spot bright on the receiving screen.

As the scanning spot streaks across the image at the trans-
mitting end, the light intensity will rise and fall, according to
the lights and shades of the scene being transmitted. This, in
turn, will cause the receiving lamp to rise and fall in light in-
tensity. Therefore, the image reproduced at the receiving end will
have the same lights and shades as the picture being transmitted.

Fig. 9 shows a Nipkow scanning disc. The holes in the disc
are arranged in a spiral manner and are spaced uniformly around
the disc. The number of lines desired in the picture to be trans-
mitted will determine the numberof holes in the disc. For example,
if the picture to be transmitted is to be made up of 60 horizontal
lines, there will be 60 holes in the disc. To determine the spacing
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required between the holes, the number of holes in the disc is
divided into 360°. If there are tobe60 evenly spaced holes, then
a line drawn from each hole to the center of the disc will form an
angle with its adjacent hole of 360° divided by 60, or 6 degrees.
This is illustrated in Fig. 11.

If, on the other hand, the picture to be transmitted was to
have 240 horizontal lines, then there would be 240 evenly spaced
holes, each hole forming an angle of 360° divided by 240, or 1.5
degrees with the center of the disc and the adjacent hole.

Fig.11 Diagramofa scanning disc, showing the angular separation
between holes on a 60 line disc.

It takes one complete revolution of the discto entirely cover
the subject with dots of light. If full advantage is to be taken
of the persistence of vision of the human eye, it isnecessary that
not less than 24 of these scenes be transmitted per second to create
the illusion of motion., This means that the disc must revolve not
less than 1440 revolutions per minute. It has been found by ex-
perimentation that less than 24 revolutions per second will produce
considerable flicker. In modern television systems, 30 frames per
second are being transmitted withaunique system devised to produce
the same effect as though 60 frames were available., More informa—
tion concerning this will be given later.

7. DIRECT PICKUP SYSTEM. In the systemof scanning just dis-
cussed, it is termed "flying spot" because the light is scanned,
meaning that the light is projected on the subject in narrow strips
formed by the spot of light shining through the scanning disc. The
next system tobeconsidered is somewhat different, but still having
the same fundamental principles. In this system the illumination
is uniform and is not projected as a beam. Here the scanning
discisplaced between the scene and the photoelectric cell, where-
as in the system just discussed, it was between the light and the
scene. A fundamental diagram of the direct pickup type of scanning
is shown in Fig. 12.

Although the direct pickup system experienced very little popu~
larity during the earlier days of television, still it was used
considerably in the scanning of motion picture films. Today, all
television transmission is carried on by the direct pickup method
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but scenning discs are not employed. The main reason for its lack
of popularity as a method of studio scanning was due to the extremely
small output available from the single photoelectric cell used,
The amount of light necessary on the subject being scanned, to ob-
tain sufficient output from the single photoelectric cell, was,
under normal circumstances, prohibitive. With film scanning, on
the other hand, a picture having a sufficient amount of light could
quite easily be projected on the scanning disc.

o~
P.E. cell

[

Pre. Main
Amp. Amp.

Scanning
Disc
P

Fig.12 Schematic diagram of a direct pickup system of scanning.

In referring to Fig. 12, it will be noticed that only one
photoelectric cell is being used. This is the chief cause for the
small output obtainable. In this figure, you will note that a very
intense light is focused on the subject being scamned. A lens is
mounted on the front of the camera so that an image of the scene
to be transmitted is focused on the scanning disc. This lens is
easily accessible by the operator in order that he may secure a
sharp focus on the image. In back of the lens is amask which forms
the edges of the picture. The scanning disc is placed directly
behind this mask, then a short distance to the rear of the scanning
disc is placeda photoelectric cell. The constructionof the motor,
the scanning disc and mask for this method of scanning is exactly
the same as previously described for the other method of mechanical
scanning. More information along these lines will begivenalittle
later in this lesson.

At first thought, it might seem that with this method there
would be more light: and thus greater variations of light reaching
the photoelectric cell than with the type of scanaing previously
described. This is not true, due mainly to the fact that only a
small portion of the light reflected from the object being scanned
reaches the photoelectric cell. Inthe first place, reflected light
is not as strong as direct light and only one cell can be used.
Secondly, the photoelectric cell is much further from the source.
As you will learn in the next lesson, intemsity of light varies
inversely as the square of the distance. Thus, it is easy to
see that the farther away a photoelectric cell is from the object
being scanned, the less illumination it will receive.

In considering the first difficulty, the light has to pass
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through the very small holes in the scanning disc before it can
reach the photoelectric cell. As a direct result of this, there
will be very little difference in the amount of illuminationon the
photoelectric cell between a bright portion of the object being
scanned and the dark portion. Naturally, then the current varia-
tions produced by the photocell will be very small in amplitude,
The chief difference between the flying spot systemof scanning and
the direct pickup system is the fact that you now have only one
photoelectric cell whereas in the flying spot system of scanning,
it is possible to use several photocells, the output of which can
be added together.

If it were not forthedifficulties just mentioned, the direct
pickup type of mechanical scanning would have had several advantages
over the flying spot system of scanning, the most outstanding be-
ing that outdoor shots in bright daylight could be used as well as
studio shots. It was not until the development of the "iconoscope"
and the Farnsworth "image dissector" methods of scanning that enough
output was available to permit this dream to come true. These
systems of electronic scanning are successful because of the fact
that they make use of much more of the available light.

8. MECHANICAL SCANNING CONSIDERATIONS: THE MASK. In either
the direct or flying spot system of scanning, the light source is
confined to a certain area on the scanning disc by means of a rec-
tangular shield ormask. This mask has certain definite dimensions
that are determined by the size of the disc and the spiral of the
holes. The width of the opening in the mask is equal to the dis-
tance between two holes in the disc and the height of the mask is
equal to the pitch of the spiral; that is, the difference between
the radii of the outer and inner holes,

As shown in Fig. 9, when the discisstationary, the light can
shine upon the saubject through only the hole that is before the
opening in the mask., The width of the mask is such that just as one
hole is passing out of this area, the next hole is just coming into
place. Consequently, there is only one hole in the opening of the
mask at any one moment. This is true no matter what the position
of the disc may be. One complete revolution of the disc allows
each and every hole in the spiral to pass in rotation across the
mask opening. Asthedisc revolves, the hole travels progressively
across and downward from the top of the mask until the last hole
clears the bottom of the masking frame. When the first, or outer-
most hole is ready to begin at the top again, the action is re-
peated. On account of the above action, only one hole is ex-
posed at a time with the result that successive strips are made
across the subject. Thus when one complete revolutionof the scan-
ning disc has occurred, the entire subject hasbeen completely scan-
ned once.

There is absolutely no discontinuity of the scanning spot.
That is, there is no interval between the end of one scanned strip
and the beginning of the next. Fach hole forms a spot instan-
taneously after the preceding one has passed by the mask. As a
result, the subject is dissected, so to speak, into a number of
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parallel strips which, if placed end to end, would forma tape car-
rying every variationof light and shade of the subject. In reality
the lines across the subject form an arc, but since they are arcs
of a comparatively large circle, confined toa small area, they are,
to all practical purposes, straight parallel lines.

By referring to Fig. 9 you will notice that the opening in
the mask is wider at the top than at the bottom. It is necessary
that the opening diverge in this manner due to the difference in
circumference of the disc at the top and bottom of the picture.
Just how noticeable this is will depend upon the diameter of the
dise.

9, TYPES OF UOLES IN SCANNING DISCS. There are several dif-
ferent types of holes used in the various types of scanning discs.
Each type has its particular advantages and disadvantages. Three
of the more commonly used typesof holes are as follows: The round,
square, and radial type. A drawing of these three types is shown
in Fig. 13.

Square Radial

Fig.13 Diagram showing three common types of scanning disc holes.

Of these three, the most common is the round hole type. The
two chief advantages of this type is its simplicity and cheapness
of construction., There are also two chief disadvantages. First,
the amount of light emitted is small, especially.when comparing it
with the square type of hole; and, secondly, the size of the holes
does not conform with the frame of the picture.

The round type of hole is easiest tc make, and it is the most
commonly used. Accurate machinery is required in making any type
of dise, but round holes require no special apparatus that cannot
be found inawell equipped machine shop. Such apparatus, however,
requires the finest kind of dividing index head for properly locat-
ing the holes. It can be readily seen if a hole is off from its
proper position by even a fraction of an inch, it will cause some
sort of distortion. Extreme care, therefore,,is necessary in lo-
cating these holes for proper operation of this part of the tele-
vision system.

10. SQUARE HOLES. This type of hole cannot be drilled, but
must be die—cut, or punched. The same care, however, must be used
in making this type of hole as with the round hole. The chief ad-
vantage of the square hole is that it allows more light to pass
through than a round hole of the same width. Let us assume, for
the purpose of illustration, a round hole, one inch in diameter.

17



The area of the round hole is equal to "R®, In this case, R = 4"
and our formula develops into “?§)2, or §, or .7854 square inch,
which is the area of this hole. A square hole of the same width
would have an area of 1 x 1 = 1 square inch. Hence, the square
kole has nearly 22% more area than a .réund hole of the same size
and would be expected to pass more light. This is important since
all of the light you can possibly secure through the scanning disc
is needed,

11. RADIAL HOLES. Both the square and radial shaped holes
are mich better in respect to the first disadvantage of the round
hole type; that is, both of these types will admit more light.

From the standpoint of the amount of light emitted and con-
forming with the frame of the picturetobe transmitted, the radial
hole is best. The disadvantage of the radial type of hole is the
expense involved in manufacturing. Whether or not the advantages
will offset the expense involved will depend minly on the equip-
ment used. For the remainder of the discussion on mechanical scan—
ring discs, we are going to confine our remarks to round holes. We
are following this procedure because electronic methods of scanning
of a necessity employ a round spot for scanning and, inasmuch as we
are primarily interested in electronic scanning, we shall confine
ourselves to the use of a round scanning spot.

It might be well to remind you again that in spite of the pre-
ceding statement, a thorough understanding of mechanical methods
of scanning is essential if one desires to completely understand
the factors governing electronic scanning.

12. FRAME FREQUENCY. A scanning disc is so desigmed that
with each complete revolution of the disc, the scene is scanned
once. Thus, it is easy to see that the speed of the disc will de-
termine the number of times the object will be scanned per second.
For example, if the disc is turning at 900 r.p.m., the object will
be scanned 900 + 60 (60 seconds in a minute), or 15 times per sec-
ond. This is knownasthe "frame frequency". (The frame frequency
is the number of times per second the picture area is completely
scanned. )

To fix this in your mind firmly, let us take another example,
If we desire to scan the object 24 times per second, it will be
necessary to have a motor which will drive the disc at a speed of
24 x 60 or 1440 r.p.m. In other words, 2 disc spimning at the rate
of 1440 r.p.m. would produce 24 frames per second.

i3. PICTURE FLEMENTS. Since the number of parallel lines
forme? by the scannine spot sweeping across the field of view de-
termines the rating of a particular scanning dise, we must next
consider the number of elements prodnced by such an arrangement.
Fach line is divided into an arbitrary number of picture elements.
This number of elements per line is calculated by dividing the
effective diameter of the scanning aperture or hole info the arc
through which the hole sweeps while scanning each line. With a
square field of view, the number of picture elements is equiva-
lent to the souare of the number of lines. Therefore, a 24 line
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system divides the field of view into 24 x 24, or H76 picture el-
ements; and a 45 line system divides it into 2,025 elements. In
the same manner, a 100 line system would have a field of view
containing 10,000 elements.

The scanning process imvolves one of the greatest problems
in television. The field of view as seen must be scanned by the
accepted method in the short time that the eye can reassemble the
separate elements into complete images, if instantaneous repro-
duction and sustained action is to be obtained. When the number
of lines is increased to sitisfy acceptable detail, the number of
picture elements is multiplied at a rapid rate. This, too, con-
cerns the question of transmission, for the entire system must
be able to respond to the increase of the impulses generated by
the increase in picture elements. Take for example, in a 200 line
system operating at 30 frames per second, 1,200,000 picture ele-
ments must be handled each second. This means 1,200,000 flashes
each second on the photocell.

14, DEFINITION. Definition is the condition of distinctoess
or outline and precision in detail; the capability of an optical
system to form distinct and sharply defined images.

Because of the wealth of detail, the extreme range of bright-
ness and contrast found in nature, the eye tends to demand image
resolutionup to the limitsof the eye. Wehave, however, become some-
what accustomed to certain compromises, due to constant association
with such things as paintings, photographs and other methods of
reproduction, becanse of the limitation of these agencies of re-
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It is impossible to receive better definition than that trans—
mitted, so the effect of the transmitter scanning system as it
affects definition is extremely important. When considering the
flying spot system of scanning, the dots of light created by the
projected light shining through the holes in the scanning disc
are enlarged by a lens system and then projected on the subject
to be transmitted. The definition of the subject that is trans-
mitted will then depend on low much of the total imaze area is
covered by each individual scanning spot. This is best represen-
ted by a line as shown in Fig. 14. If the scamning spot is the
size of A, thenitwill show the line, hecause the spot just covers
the line. Or, if the scanning spot were smaller than A, the line
would be transmitted. If the size of the scanning spot is that of
B, then only a blur will occur where the line should be, becanse
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the spot is larper than the line and, at the time the spot crosses
the line, it will be transmitting an averageof that which it cross—
es and, in this case, the average will include more than the line
itself.

Another example, shown in Fig. 15, is that of the mouth and
teeth of a person. If the scanning spot is large enough, then it
just covers the mouth apnd only a shaded space or outline will be
transmitted. If the scanning spot is small so that several spots
must pass over the teeth before they are completely covered, then
these spots will pick up each individual tooth and, when recon-
strcted will appear as nearly like the original as the size of
the spot permits.

= D

Fig.15 Diagram showing detail change with changes in scanning
spot size.

In a direct pickup or flying spot system of mechanical scan-
ning, depending upon the lens system used, it is possible then in
transmission to secure a change in definition when nsing a aiven
sized scanning dise by 1increasing or decreasing the size of the
field of view. When the field of view is small, the scanning spot
becomes small and the definition is increased. When the field of
view is large, then each scanning spot becomes larzer and the de-
{inition is decreased. In a 100 line system for instance, there
are 10,000 dots of light to cover the field of view. From this it
can be seen that the only way to increase the definition for a
given size of field of view is to divide the field into a larger
number of dots and this can be done only by increasing the number
of lines in the scanninz system. Due to a peculiar action of the
eye and the psycholorical effect of seeing something which does
not exist, it is possible tosee definition clearly which is smaller
than the size of the spot.

In viewing reproductions, the observer attempts to position
himself so that he is satisfied regarding information and effects
e wishes to obtain. (The position of the eye for the zreatest
reselution is about 8 to 10 inches for the average person.) When
viewing a painting, we rather unconsciously use a position where
the brush strokes become unnoticeable, and where we can obtain the
effect the artist wishes to convey. As explained earlier in the
Tesson, when looking at a newspaper picture, we hold the newspaper
off at a distance. We also know what, in general, to expect from
motion picturesinthe theatre and home. We note further that good
photographs co beyond the resolution limits of the eye and that
they may even be optically enlarged.

Suppose, on the other hand, we attempted to enlarge an ordin-
ary newspaper picture. Say we were to enlarge it five times. We
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would find that as we increased the size of the newspaper picture,
the dots, which make up the picture, become more and more notice-
able. Then in order to catch the meaning which the picture is
attempting to convey, we would have to stand back farther from
the picture. Upon standing back farther from the picture, the
print will again approach the resolution limits of the eye, and
the dots will blend together and again the picture will appear as
a single unit, rather than a multiplicity of dots.

From the preceding paragraph, you can see that if the person
viewing the picture is to remain standing at a given distance from
the picture as we enlarge the size of the picture we have to in-
crease the number of elements building up that picture. If we do
not, the picture will appearasindividual dots rather thanasingle
unit and the detail will be lost. We also notice that there is
a way to increase the permissible picture size with 2 given number
of elements. This is for the person viewing the picture to stand
back at a greater distance each time the picture is enlarged.

. Fig.16 A djagram tobeused !
in demonstrating the resolu-
tion ability of the eye.

Up to the present time, wehave merely discussed general cases,
giving no specific examples. In the following description, how-
ever, we will use definite values. For our first example, let us
use two black parallel lines separated by a space equivalent to
the width of one of the lines. This is shown in Fig. 16. Prop
this lesson up on a well lighted table. Now when standing close
to the figure you will notice two distinct lines; upon walkinz
backward, away from the figure, you will notice thal yon come to
a point where by standing still and rockingz backwards, that the
two lines would appear as one, but if yon rock forward they would
again appear as two separate lines. For the average person, this
critical point is at that point where the lines are separated so
that the distance between them subtends an angle to the eye of
one mimite.®* At greater viewing distances, the two lines will
appear as one.

Fig. 17 is a chart plotted in terms of scanning lines against
viewing distances. When using the chart illnstrated in Fig. 17,
the following procedure should be followed: Suppose, for example,
that you are standing at a distance of 4 feet from the object or
screen. By referring tothe chart yon will notice that there shonld
be 70 scanning lines per inch, Understand, this is scanning lines

1 A a
There are 60 minutes in one degree,
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rer inch, not total scanning lines, Taking a more practical ex-
ample, suppose that we have a 240 line picture that is 12" tall.
This picture would then consist of 240 + 12 or 20 scanning lines
per inch. Referring to the chart, we notice that it is necessary
to stand at a distance of 14 feet from the screen. If the person
viewing the -picture were to stand closer than 14 feet, the eye
would not be satisfied, since the picture structure would be pro-
nounced, resnlting in lack of detail. For greater viewing dis-
tances than 14 feet, with this number of scanning lines and this
picture size, the eye will bLe satisfied from a standpoint of de-
tail, but more detail is available than is required for maximum
eye resolution.
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Fig.17 A graph showing the relation between viewing distance and
number of scanning lines,

In other words, the person viewing the picture should stand
at least 14 feet away from the screen in order that the picture
have sufficient detail. If, on the other hand, the picture were
reduced in size, for example, made 3 its present height and the
number of elements in the picture not decreased, referrinz to the
chart in Fig. 17, we would find that the persnn should stand at
a distance of approximately 7 feet. This is due to the fact that
we have increased the number of scanning lines per inch from 20
to 40,

In the preceding paragraphs, we have discussed the relation-
ship between picture height and the required number of scanning
lines and proper viewing distances, but we have not taken inte
consideration the picture size. By referring to Fiz. 18 and “now-
ing the total number of scanning lines and the desired viewing
distance, we can readily calculate the picture heisht. This does
not, however, tell us that at that viewinz distance we have chosen
a size of picture that will be pleasant to view. If the picture
is too small, it will be unsatisfactory because too much attention
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will be required for viewing. If, on the other hand, the picture
is too large, it will be unsatisfactory because too large a move-
ment of eyes or head will be required for viewing. In television,
becanse of the practical limitation in the numberof possible scan-
ning lines, we are normally confronted with too small rather than
too large pictnres.

In moderately large theatres, the distance from the back row
of the orchestra section to the screen does not usually exceed
6 to 7 times the screen height, while the front row of seats may
be as close as 2 times the screen height. Normally the choice
position isapproximately 4 times the screen height. In home movies
(where less detail is available because of the smaller size film)
the desired viewing distances cover a range from 4 to 8 times the
picture height. Since, at the present time we are considering
television as a medium of home entertainment, we shall use the
same accepted ratio of picture height to viewing distance as for
hore movies; that is, from 4 to 8 times the screen height.
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Fig.18 A graph showing several relations between picture height
and number of scanning lines with changes in viewing distance.

As an example, if we were nsing a standard 12" cathode ray
tube for the reproduction of our picture, this would give us a
picture a little larger than 7" by 9". In viewing a picture of
" this size, themost satisfactory distance wouldbe?7 x 4 = 28 + 12 =
2% ft. to 7 x8 =56 + 12 = 4% ft. In other words, the best view-
ing distances would be between 2% and 4% feet from the face of the
tube,

Fig. 18 is a chart showing the relationship between scanning
lines, picture size, viewing distance and the desired ratio of
picture height to viewing distance. This chart includes all the
necessary information to determine the scanning lines required if
viewing distances and picture height have been decided upon. This
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chart may also be used to determine the picture size if a certain
number of scanniny lines are possible anda certain viewing distance
is desired. The chart also providesapuide for the desired picture
sizes for general viewing conditions. Referring to the chart in
Fig. 18, notice the four dotted horizontal lines. These lines are
for the purpose of showing the picture height to viewing distance
ratio., When nsing this chart, remember that between the 1:4 and
1:8 picture height to viewing distance, the viewing conditions will
be satisfactory. Belowthe1:8 ratio line, viewing conditions become
less satisfactory and below the 1:12 ratio line, it is generally
constdered unsatisfactory. Taking an example, suppose that we had
a modern 441 - line television picture and we wished to view this
picture at a distance of four feet, the ideal height of the picture
would then be 12". Notice that, at this point, for a picture of
this height, we are approximately as close as we should be for sat-
isfactory results, Using this chart in another manner, suppose we
wish to view a television image at a distance of 6 feet. Starting
down the 6 foot line, notice that with a 441-lime picture we may
have a picture height of approximately 18". Also note that the
pictare height to viewing distance is very satisfactory.

For the average home receiver, the following table gives com-
parison as to the ability of an observer to understand and follow
action and story by means of television:

SCANNING LINES PICTURE
60 Entirely lnadequate
120 Hardly Passable
180 Minimum Acceptable
240 satisfactory
360 Excellent
480 Equivalent to Movies

Remember, this is for plays, etc. and does not refer to the
ability to reproduce titles and small objects.

There is another point which should be brought out at this
time; that is, motion in a picture will increase the apparent de-
tail. There are several reasons for this, the most outstanding
being that the observer's interest is now directed to the moving
object or objects. The eye then does not tend to explore each
small section of the picture. Under these conditions, the eye re-
quires less detail than for a still picture. This isassuming that
the detail is sufficient so that the purpose of the movement may
be understood. Another reason for this peculiar condition is that
objects made up of too few picture elements to recognize while
stationary, may be recognizable and even realistic while in motion.

Summarizing the information contained in the preceding para-
graph, we find that there are three reasons for pictures in motion
having more apparent detail than still pictures. First, part of
this is due to the concentration of interest around the motion.
Second, experience on the part of the person, or persons, viewing
the picture to associate the motion with things and the processes
he understands. Third, more favorable conditions for scanning while
the object is in motion.
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Fig. 19 illustrates the effects of increasing the mumber of
scanning lines in the picture. Fig. 19A illustrates an old style
90-line pictureasnsed in 1929. Fig. 19B illustrates the improve-
ment when the scanning lines are increased from 90 to 120. This
picture was similar to the type found in experimental labs around
1931, In 1934 there was a decided improvement in elimination of
visible scanning lines. Thre numberoflines was increased from 120
to 180. Notice, however, the lack of sharpness in contrast to the
picture. This is illustrated in Fig. 19C. Fig. 19D illustrates
a modern 441 -line picture. Notice the great improvement in the
quality of the picture, both with a reduction of visible scanning
lines and in detail of the picture,

Fig.19 Four photggra?rys showing the progress 1n Television as
the number of scanning thes were Increased.

15. PICTURE RATIO.® By picture ratio, we mean the ratio of
the width to the height of the picture being transmitted. As motion
pictares use a ratio of 4:3, and inasmuch as a large portion of
television broadcasting will be done with the aidof motion picture
film, it is only logical to assume we should use the same ratio.
As a result of this, modern electronic television has been stand-
ardized with a picture ratio of 4 to 8.

For example, if we wish to transmit a 60-line picture and have
its aspect ratio the same as motion pictures, we would break the
picture up into 60 x 80, or 4,800 elements. The 80 is derived from

! Picture ratio is often callea “aspect ratio."
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the fact that if the aspect ratio of the picture is 4 to 3, this
means it will be four units wide and three units high, or in oth-
er words, 1% times as high as it is wide. If the picture to be
transmitted is 60 elements high, it will be § x 60, or 80 elements
wide. Let us take another example. Suppose we wish to transmit
a 240-line picture with the same aspect ratio., Our picture is 240
elements high and 4 x 240, or 320 elements wide. Therefore, each
picture must be broken into 240 x 320, or 76,800 elements.

The Radio Manufacturers Association has recommended that this
ratio be adopted as standard for the United States. The same stan-
dard is also used in England.

16. FREQUENCY REQUIREMENTS. Due to the vast improvement in
picture quality with an increase in the number of scanning lines,
it might at first thought seem advisable to further increase the
number of lines. However, increasing the number of scanning lines
results in a very serious disadvantage; that is, every time the
number of scanning lines is increased, the frequency requirements
of the video amplifiers are also increased.

A complete television signal will consist of all frequencies
from the bhighest down to zero, zero being equivalent to a total
dark or light spot occurring during the complete width of the sub-
ject being scanned. Such spots would form DC componentsor require
an extremely low frequency of change. In those portions of a pic-
ture showing a variety of change, the changes in light value and,
therefore, in frequency would be at a maximum, Every picture or
object has an equivalent in frequency changes, depending upon its
complications or completeness.

Fig.20 A chart showing how
the maximum frequenc can be
generated by a scanning spot.

The preceding may best be illustrated by reference to the
scanning pattern illustrated in Fig. 20. By referring to this
fizure, yon will note that this scanning pattern consists of a
series of alternate black and white vertical bars. The maximum
possible frequency will be generated by the scanning device, pro-
vided the width of each bar is equal to the diameter of the scan-
ning spot. This frequency may be very convenieatly calculated by
the following formula: F = LA®RN,

Where: F is the maximum freguency in cycles,
A is the number of scanning lines,
R is the aspect ratio of the picture,
N is the frame repetition frequency.
The reason for dividing by 2 is that a complete cycle con-
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sists of one black and one white impulse. Therefore, one cycle
is two impulses.

As stated previously in this lesson, normally, anaspect ratio
of 4 to 3 is used, this being the same as that of motion pictures.
In the following examples, we will use this aspect ratio. Now,
in order to show the tremendous increase in frequency as we in-
crease the number of scanning lines, we shall first figure out the
maximum frequency generated when using anold style 120-line picture
with a frame repetition frequency of 24 per second. Substituting
these values in the equation, the equation now reads:

F %x120’x%x24
l.éaéﬂo_xgz

= 17,200 x 32
= 230,400 cps.

From the foregoing example, it isseen that toproperly amplify
and transmit all the frequencies generated by a scanning device
when utilizing a 120-line system with an aspect ratio of 4 to 3
and a frame repetition frequencyof 24 per second, it will beneces—
sary to amplify all frequencies between zero and 230,400 cps.?®

Now let us double the number of scanning lines, leaving the
repetition frequency and aspect ratio the same. Substituting these
new values in our equation, it now reads:

F

5 ox 2402 xiéux 24

)

ﬂaﬂ@xfﬂ

28,800 x 32
921,600 cps.

)

From these examples, it will be noted that by doubling the
number of scanning lines; that is, increasing the number of lines
from 120 to 240, we have increased the frequency requirsments of
the video amplifier from 230,400 cps. to 921,600 cps., or four
times.

Inasmuch as the balance of our studiesintelevision will deal
mainly with systems employing electronic scanning, let uscalculate
the maximum frequency generated by these scanning devices. Elec-
tronic television utilizes 441 lines with a frame repetition fre-
guency of 30 and a field frequency of 60. The field frequency of
0 is obtained byusing interlaced scanning. More information con-
cerning interlaced scanning will be included later in this lesson.

1 Asyouwill learnina later lesson, inorder toproperly amplify the backgrouna,
DC has to be transmitted as well as aC,
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Substituting these values in this formula, it now reads:

F=4 x 4412 x%x 30

1942. 481 40

194,481 x 20
3,889,620 cps.

Understand, frequencies ranging frowr 0 to this frequency (ap-
proximately 3.9 megacycles) must be equally amplified just as if
they were audio frequencies and made to modulate the carrier wave
of the transmitting station. This is, of course, providing we in-
tend to transmit all of the frequencies generated by the scanning
device.

The reason that the words "video frequencies" are usedis that
a television scanning system which generates a rangeof frequencies
from 0 to 3.9 megacycles is generating both audio and radio fre-
quency signals. However, theword "video", meaning picture signals,
includes both the audio frequency and radio frequency band generated
by such a system,

From your earlier lessons, you learned that when the carrier
wave of a transmitting station was modulated with an aundio note,
there would be two frequencies produced other than the nctual car-
rier wave, one equal in frequency to the carrier wave, plus the
frequency of the audio note; the other equal in frequency to the
carrier wave minus the frequency of the audio note. These fre-
quencies are called sideband frequencies. Now, referring to the
last example just given, notice that if we are zoing to transmit
all of the frequencies generated by the scanning system, when trans-
mitting a modern 441-line picture, it will require a band width
of 2 x 3,889,620 cycles, or7,779,240 cycles. Itis for this reason
that it is deemed advisable not to increase the number of scannin,
lines to any greater extent than it is thought necessary to satisfy
the demands of the resolution abilityof the eye under average cir-
cumstances,

17. SCANNING SPEEDS. It must be kept in mind that the scan-
ning speed does not have anything to do with the transmission of
definition. As long as the scanning speed is sufficiently rapid
to convey the idea of motion, the speed may be very slow. If still
pictures, or diagrams only were to be transmitted, it would not be
necessary to have a scanning speed -of over six frames per second;
but as the motion to be conveyed is increased in speed, then the
scanning speed will have to be increased to take care of the re-
sulting motion. The effect of smooth motion can be obtained only
by sufficiently rapid scanning speeds.

It has been determined that not less than 15 frames per second
when using interlaced scanning, and preferably not less than 30
reproductions of the field of view in the case of single spiral
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transmission can be used satisfactorily. The number of frames trans-
mitted per second is one of the factors determining the amount of
flicker in the reproduced image. The more frames per second, the
less the flicker. Another factor involved in considering flicker
is the intensity of illumination at the receiver. The greater the
illumination, the greater the flicker for a given number of frames
per second. This is a result of the persistence of vision of the
human eye.

As the scanning speed is increased, the frequency response
demand on the egquipment is also very much increased without adding
materially to the definition of the image, soitis quite desirable
to keep the scanning speed as low as possible. However, if the
scanning speed is too slow, flicker will result and the portrayal
of motion cannot be accomplished.

18, MULTIPLE SPIRAL (INTERLACED) SCANNING. Asthedevelopment
of television advanced, the necessity of a higher quality picture
became very apparent. The first pictures were very poor, both in
quality and in flicker. As motion pictures and television are
quite closely associated, let us turn for a minute to a brief re-
view of the development of motion pictures. When motion pictures
were in the earlier stages of their development, they, too, were
of very poor quality and suffered from the effect knownas flicker-
ing. As has been explained, due to the persistence of vision of
the eye, if pictures are flashed rapidly enough on the screen the
person viewing the picture will perceive it as a single picture
rather than a series of pictures.

First, if these pictures were flashed on the screen at a very
slow rate, say ome a second, a person viewing the picture would be
able to see each individual picture. Then if the pictures were
flashed a little bit faster, he would begin to perceive themasone
instead of several separate units. However, there would be a very
annoying flash (or flickering) due to the slow speed at which the
pictures are being projected on the screen. If, however, these
pictures were flashed on the screen at a much faster raie, take
for example, 24 per second, the person viewing the picture would
notice very little flicker.

However, as motion pictures continued to develop, the demand
for better quality pictures arose. It was found that if 48 of these
pictures were flashed on the screen per second, there would be no
flicker noticeable to aperson viewing the picture. Even with this
decision, there was a very decided disadvantage in projecting this
number of pictureson the screen per second. This disadvantage was
due to the fact that each picture takes a certain amount of space
on the film. Thus, if twice the number of pictures were flashed on
the screen per second, twice the amount of film would be nsed up
per second, which would naturally increase the cost tremendously,
This disadvantage led to the development of the present system of
projecting motion pictures.

At the present time, in order to reduce flicker and still use
a minimum amount of film, the pictures are run through the project-
ing machine atarate of 24 per second. However, to reduce flicker,
each picture is flashed on the screen twice. As a result of this
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operation, we have the same amount of flicker as if 48 pictures
were being flashed on the screen per second.

Television engineers were confronted with a similar problem;
that is, it was found necessary to increase the number of frames
per second in order to decrease the flicker to apermissible amount.
The first television pictures used a frame frequency of around 12
to 15 frames per second. Not only was the picture annoying due to
the flicker but moving objects could not be properly reproduced.
As a result, the frame speed was increased to 24 frames per second.
At this speed, the flicker was not very objecticnable; however, it
was still noticeable.

With the coming of high definition television, it was found
that no longer was suchaslow frame frequency permissible. On the
other hand, as you have already learned, each increasein the frame
frequency brought a tremendous increase in the frequency require-
ments in the television video amplifiers. As ¥t is necessary to
keep this frequency as low as possible, we naturally do not want
to increase the number of frames per second to any higher walue
than is absolutely necessary. As motion picture engineers have
found the answer to their problems without increasing the speed
of the film through the projector, television engineers found an
answer to their problems along similar lines. The answer to this
problem was found with the invention of multiple-spiral, or inter-
laced scanning. Electronic methods of scanning employ what is
termed "interlaced scanning". The path followed by the spot is
the same as that followed by two spiral, mechanical scanning discs.

The multiple spiral disc was invented by U. A. Sanabria during
the period 1926-1928. On a three spiral scanning disc, the holes
are evenly spaced around the disc, the same as with the.common
single spiral disc. However, they are arranged in three spirals,
rather than one. If this disc were inserted in placeof the single
spiral disc in Fig. 9, its operation would be as follows., Hole 1
would scan across the top of the object. Then, hole 2 would scan
across the object in the third space below hole 1. In other words,
it would leave two spaces between the two lines; each the widthof one
spot. Next, hole 3 would scan in the third space below hole 2,
leaving a space the width of two lines, This continues until the
scanning disc has rotated one-third of a turn. At this time, each
hole in spiral 1 would have scanned the picture frame, each leaving
a space whose height was the same as twice the diameter of the
scanning spot. A drawing of a three spiral disc and the manner in
which it scans a frame is illustrated in Fig. 21. Now,-asthe disc
rotates through the next one-third of its revoletion, we find that
hole 16 now fills in the space next to the area scanned by hole 1.
Hole 17 fills in the space next to the area scanned by. hole 2 and
so on until this second spiral liasagain scanned the picture frame.
With the next third of the revolution of the scanning disc, hole
91 fills in the position left between the area scanned by holes 2
and 16. Then, hole 82 fills in the area left between that scanned
by holes 8 and 18. In this way, the entire picture is lighted up
three times more often than in the single spiral method. This
creates an optical illusion of greater light and more detail.
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This has practically the same effect in reducing flicker in
television pictures as is obtained in motion pictures by flashing
each picture on the screen twice. Yet, notice that if the speed
of the disc remains the same, we have increased neither the number
of lines nor the number of frames per second. Due to this, wehave
eliminated the necessity of doubling the frequency reguirements of
the video amplifier. When interlaced scanning is used, if two
interlaces are used, the field frequency will be twice the frame
frequency. If three interlaces are used, the field frequency will
be three times the frame frequency. The frame frequency is the
number of complete pictures per second, while the field frequency
is the number of times the picture is partially scanned. For ex—
ample, if we were transmitting a picture of 30 frames per second,
employing interlaced scanning, we would have a field frequency of
60 per second.

16
31

17
32

33

Fig.21 Two diagrams showing the construction of a three spiral
disc, and the sequence in which the frame is scanned.

When mechanical scamning systems were employed, it was quite
common practice to use three spirals, insteadoftwo. This had the
advantage of reducing the flicker to a marked degree, at the same
time not increasing the frequency requiremsnts of the video ampli-
fiers. However, modern electronic television systems merely em-
ploy the equivalent of a two spiral scanning disc, called interlaced
scanning. They do not attempt to interlace three times because of
the complications existing with such circuits.

19. NECESSITY OF SYNCHRONIZATION. Throughout all of our dis-
cussion of mechanical television systems, we have failed to men-
tion one very important factor which must be given consideration
in any television system. In electronic television systems, the
problem of synchronization has been adequately solved, hut still,
the study of such a subject is of sufficient importance that an
entire lesson will be devoted to it. Nevertheless, in this lesson
we feel as though some information should be included concerning
the synchronizing problems involved with the older mechanical sys-
tems of scanning.

Synchronization is for the purpose of keeping in step (syn-
chronizing) the scanning equipment at the transmitting and receiv-
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Fig.22 A photograph showing the results secured when two scan-
ning discs are revolving at the same speed but not starting at the
same time. This is known as out of frame.
ing end. In other words, forthe picture to be properly reproduced,
it is necessary that hole 1, or rather a spot having an equivalent
position, be sweeping across the image at the receiver at the same
time that hole 1 of the scanning dise is causing a spot of light
to travel across the object being scanned at the transmitting sta-
tion. It is also necessary that this spot start across the face
of the received and transmitted images at the same time, If the
above conditions do not exist, the image formed at the receiver
will not be a true reproduction of the object being scanned. Fig.
22 shows a picture of a television image as it might be seenif the
receiver scanning circuit were sweeping the spot across and up and
down the screen at the correct rate of speed, but not starting at
the proper time. Notice that while the spot is moving across at
the receiving endto form line 1, the spot sweeping across theobject
being scanned at the transmitting station is not sweeping across
the top of the object, but rather nearer the center. As a result,

the top portion of the image is at the bottom, rather than at the
top where it should be.
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Bad as this condition is, this is not the main difficulty, as
it is a matter of small consequence to reset the circuits so they
will start at the proper time. The greater difficulty lies in the
fact that even though the receiver may be adjusted to start at the
proper time, without some synchronizing device, it is practically
impossible for the two to keep in step. Thus, we will find that
the picture will have a tendency to drift. Naturally, this must
be prevented if reception of the picture is to be satisfactory.
Here is the real need of synchronization.

In the old-style mechanical receivers employing scanning dises
for reproduction of the picture, it was only necessary to set the
disc so that the picture was properly framed. Then, keep the discs
in step with each other; that is, be sure they spin at the same
rate of speed.

The accomplishment of this synchronization, however, using
motors at both the receiving and transmitting end was not always
as simple as it might seem., This was due mainly to the small toler-
ance permitted. For example, if we were transmitting a 240-line
picture at the rate of 24 frames per second, the scanning disc
would be turning at a speed of 1440 rpm. Now, 1fthe scanning disc
at the receiver was turning even 1% faster, it would be turning at
a rate of 1454 rpm. As a result, while the scanning disc at the
transmitter was completing one frame, the scanning disc at the re-
ceiver would have completed 1.0097 frames. As there are 240 lines
in each frame, wewould find that while the transmitter was complet-
ing one frame, the receiver would be completing one frame plus 2.228
lines of the n2xt frame. Naturally, this much difference in the
picture would not be permissible.

From the foregoing example, you can see that one must be very
careful to keep the receiving and transmitting discs revolving at the
same speed once the picture has been properly framed.

In the earlier days of television transmission, there were
several mechanical schemes advanced for the maintaining of synchron-
ization between transmitting and receiving discs. Nome of these
proved really successful and so proper synchronization was finally
solved by electrical methods.

One of the simplest and most effective methods was the use of
a synchronous motor. The speed of this type of motor is determined
primarily by the frequency of the AC power supply. Motors used in
electric clocks work on the same principle. Whenever both the re-
ceiver and transmitter obtain their power from the same supply source,
this method was entirely satisfactory. However, due to variations
in the frequency of the generatorsin different power supply systems,
this system was not satisfactory if the receiver was operated on
power supplied by some system other than that supplying the trans-
mitter. This, of course, brought forth a demand for a method of
synchronization which would operate independently of the line supply.

There was developed in the earlier days of television, an
electrical system of synchronization involving the use of a phonlc
wheel. This is a particular type of synchronous motor, operated
from an amplified power supply which received its original energy
from a transmitted synchronizing signal from the transmitting station.
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While phonic wheels did not prove very satisfactory in the earlier
days of transmission, still, there hasbeen considerable improvement
in such devicesand they are now being used in England where mechan—
ical systems for receiving are still in use. Since oneof the les-
sons in your course will be devoted to the study of the reproduction
of large picturesand since large pictures are reproduced by mechan-
ical scanning means, we will reserve a description of this type of
synchronization to be included with that material.
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EXAMINATION QUESTIONS

INSTRUCTIONS. Before starting toanswer these examinatlon ques-
tions, you should have studied the lesson material at least three
times. Be sure that you understand each question--then proceed to
write the best answer you can. XNake all answers complete and in de-
tail. Print your name, address, and flle number on each page and be
neat tn your work. Your paper must be easlly legible; otherwise,
i1t will be returned ungraded. Finish this examination berore start-
ing your study of thenext lesson. However, send in at least three
examinations at a time.

1. Explaininyour own words why it isnecessary in Television
to have a system of scanning.

2. Explain howa picture is transmitted using the flying spot
method of scanning.

3, What is the difference between the direct pickup system
and the flying spot system of scanning?

4, What is the chief advantage of a square hole over a round
one in a scanning disc? What is the chief disadvantage?

5. If you drew a line from two adjacent scanning holes to the
center of a scanning disc, what would be the angle subtended if
the scanning disc were designed for 90-line transmission?

6. What is meant by line elements? What will be the number
of elements per line on a 100-line picture having an aspect ratio
of 4 to 37

7. What isthe maximum video frequency generated by a scanning
system using 300 lines at 30 frames, interlaced, and with an aspect
ratio of 4 to %?

8. What is meant by frame and field frequency? Ifa scanning
disc motor, driving a 3 spiral disc, runs at a speed of 1200 r.p.m.,
what are the frame and field frequencies?

9., What are the advantages of interlaced or multiple spiral
scanning? Explain how it works.

10. Why is it necessary to have a system of synchronization?
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Notes

(These extra pages are provided for your use in taking special notes)
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FORTUNES

..... their foundation was *strength®.

One of the outstanding factors in the development of

our great country was, and stili is, the opportunity itof-
fers poor but ambitious men to become successful in science,
industry, and business in general. History offers conclu-

sive proof that many of our wealthiest men landed upon our
shores with almost empty pockets. But even though these
men started |ife without money, they were not poor for they
had strengtn..... not brawn..... but ®*strength of mind* and
ambi tion.

Any man who is the fortunate possessor of those two
vital factors is far richer than the idle spendthrift who
makes no effort to replace his dwindling fortune. Just what
is *strength of mind'? It ts the power of man to direct
his mind so that 1t will control his body. When the going
gets tough----when the body becomes tired----- or when di s~
couragemnent arises before you..... then comes the tine when
your ‘strength of mind' should exert it's full power and
drive you an and on.

Your mind may be compared to the rudder of aship. The
rudder can either bring the ship safely to dock or may di-
rect that same ship to rocky reefs and disaster. Your mind,
Mr. Student is at the wheel that will steer your ship of
life. As to where it will take you deoends entirely upon
yourself. |f you have any reason to doubt the reality of
these words, look around you a bit at the human shipwrecks
that can be found in alnost any city or town..... sad eyed
men without homes, friends or ambition......men drifting
through life with no objective.

Tne fact that you have progressed through your train-
ing to this point, isan excellent indication that you have
"strength of mind" and ambition. You are directing your
ship of [ife away from the rocky reefs and into theport of
prosperity where all the good things of |ife await you.



Lesson Three

LIGHT , ¥
OPTICS (e " )

"Light carries the
picture from the televised
scene to the television
camera. Light carries the
received picture produced
on the endof the cathode ray
tube to our eyes. Lightisthe
agency which activates thesense
of sight. There can be no seeing
without light.

"Therefore, the television engineer must have 3 good working
knowledge of light. He must be familiar with the laws that light
obeys, He must understand the operation of simple optical instru-
ments, such as the camera and the projection machine".

1. COMMONLY KNOWN PROPERTLES OF LIGHT. If youask the ordin-
ary individual to explain his conception of light, hewill tell you
that he requires light in order to see things. fr you should ask
him to prove his statement, he would probably take you into a room
in which there wasnolight, He would then ask youto tell him what
you could see. Naturally, you would reply that yon couldn't see
anything. Then he would illuminate the room, either by providing
a source of light inthe room orby permitting outside light to enter
the room. Again, he would ask you the question, "What can you see?"
This time you would name the articles of furniture and other objects
that were in the room. This demonstration would prove to you very
conclusively that we need light in order to see.

We all know our eyes are the agencies by which the story that
light tells us is conveyed to the brain. Therefore, the television
engineer must have an accurate and comprehensive knowledge of light.
Most of us, through our everyday observatiouns, know many of the prop-
erties of light. Light travels in straight lines. We know this,
because we cannot see behind objects. We cannot seeover the horizon.
When at the seashore or on board ship, the upper part ofan approach-
ing ship is visible first, as the light rays travel in straight
lines and do not follow the earth's curvature. The shadows formed
by sunlight, incandescent lamps, and other forms of illumination
have sharp, distinct boundaries. There is an abrupt change from
full illumination to no illumination. This can be true only under
the condition that light travels in a straight line. The reader,
from his own observations, can give many additional proofs of the
fact that light travels in a straight line.
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We have already stated that wemust have light preseat in order
to see things and when thereisno illumination, we cannot see them.
It is evident then that most objects in themselves do not produce
light. We say then we see them by reflected light. We. say that
the light rays® flow from the source of light to the object and are
reflected from the object to our eyes. The fact that we are able
now to see the object means that there has been some change made
to the light rays from the sourceof illumination. We shall alittle
later study the laws covering reflection and learn what happens to
light during reflection from objects,

There are two types of reflection, direct and diffused. Re-
flection from a mirror is an example of direct reflection. The
mirror changes the paths of the rays of light in such a way that
we are able to see in the mirror ourselves and many other objects
depending on our position with respect to the mirror. The mirror
has not changed the nature of light, but only the direction of its
path. The mirror is invisible. The reflection of light from sur-
faces that makes them visibleis termed "diffused reflection”. Many
smooth surfaces such as windows, quiet rivers, and polished metal
produce direct reflection.

Although light rays travel in straight lines, we already know
that their path canbechanped through reflection. Thereis another
way in which the path of a light ray may be changed; that is, by
the phenomenon knows as refraction. By refraction wemean the bend-
ing of a light ray as it passes from one substance into another of
different demsity. For example, a stick partiallv snbmerged in
water appears bent at the point where the stick enters the water.
(See Fig. 1.) This apparent bendingof the stick is dueto the fact

stick /

Apparent position

Fig.1 Refraction of light by water.

that the light rays reflected from the stick in the water are bent
upon leaving the surfaceof the water while the rays from the stick
above the water reach the eye direct. Another exampleof refraction
is the flattened appearance of the sun and moon when near the hori-
zon. The reason for this phenomenon is that the density of the air
changes as the distance from the surface of the earth increases.
The light is vent as it passes throuch the changing density of the

B "Ray" is the term applied to a small pencil of lignt,
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air. The twinkling of stars is caused by refraction of starlight
in the air. The air density is constantly changing and therefore
the path of the light is changing continually, thus creating the
effect of twinkling. Later we shall study the process of refrac-
tion, and the laws controlling refraction.

Another property we associate with light is that of color.
We know that when white light shines upon anobject, the object does
not appear white, but some other color, while in the dark, objects
do not have any color. They then exhibit the properties of color
only when illuminated by light., Therefore, the color must be due
to the light or to some effect that the illuminated object has up-
on the light.

lien we illuminate a room with colored light, the effect is
very striking., Many objects which were visible when the illumina-
tion consisted of white light are now no longer visible. Many
other objects which had a distinct color now appear black. The 11-
luminated objects take on the color of the source of illumination.

The motion picture iudustry, commercial photography, and ama-
teur photography are all dependent upon a very distinctive property
of light. The word "photography" means "light writing". Some sub-
stances when exposed to light, are changed chemically. Such sub-
stances are callzd "photo-sensitive". In a simple camera, an image
of the object being photographed is projected upon a photo-sensitive
surface or film for a short interval. The light causes a change
in the photo - sensitive surface. The magnitude of the change de-
pends upon the magnitude or intensity of the light incident upon
that area. In processes known as developing and fixing, the light
changes are converted into an actual picture.

Light is also known as a form of energy; energyisthe ability
to do work. The energy in coal, petroleum, waterfalls, and winds
all originally came from the enerygy in sunlight.

Light has another very interesting property; that is, its
ability to pass through different substances. Light passes through
some substances easily; others with considerable difficulty, and
again, it will not pass through some at all. The terms used tode-
fine such substances are: transparent, translucent, and opaque.
Transparent substances are those through which light will pass very
easily and through which we are able to see objects on the other
side, Window glass is an example. Translucent substances will
transmit licht readily, but wecannot see objects on the other side.
Frosted glass is such an example. Opague substances are those which
will neither pass lirht, nor can be seen throush. You can readily
list many opaque substances.

The foregoing is a brief summary of the facts and properties
concerning light with which most of us are acquainted., In the fol-
lowing section, we will discuss the laws governing these different
properties of light and how to make use of them in building equip-
ment for television. The television engimeer will be called upon
to handle optical equipment suchas television cameras, projectors,
and receivers. ile will also be called upon to build the necessary
aquiprent for transmission and reception. The quality of the trans-
mitted picture at the transmitier and also at the receiver depends
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upon the care taken in the desigu of the lens systems and the way
the lens systems are used.

2. NATURE OF LLGHT. Before discussing the laws affecting
light, we must know something about the nature of light. In other
words, we must know what light is. BackinSir Isaac Newton's day,
it was believed that light was.a stream of very fine particles.
[t was believed that incandescent bodies and other generators of
light ejected these particles in all directions. The reflection
of light can be explained quite satisfactorily by this particle, or
corpuscular theory of the nature of light. The law of reflection,
which we will study, holds true for astreamof particles. A stream
of light particles can be reflected from a surface as a stream of
water can be deflected by a wall, The linearity of light motion
would also be true by the corpuscular theory, Lut when we consider
refraction and other light phenomena, such as interferenceor polari-
zation, the corpuscular theory of light falls down. From experi-
ments, we also know that any part of a light wave travels at the
same speed as any other part. With an actual stream of particles,
this would not necessarily be true. Some particles could travel
faster than other particles. Therefore, the corpuscular theory of
light is not altogether a satisfactory one.

Today, scientists accept the theory that light radiation is a
form of wave motion; in fact, lightisthe same type of wave motion
as the radio wave, an electromagmetic wave. Light frequencies are
very, very much higher than radio frequencies. We define a light
wave just as we do a radio wave as a transverse wave; that is, a
wave in which the vibration of the medium isat right angles to the
direction of propagation of the wave. In the case of light, as ino
radio, wecall ether the medium. We can represent alight wave just
as we do aradio wave, by means of an ordinary sine curve. We stated
that the corpuscular theory fell down in that it did not explain
such phenomena as refraction, interference and polarization. How-
ever, the wave theory of light does account for these phenomena
completely. The discussion of refraction in terms of the corpuscular
theory and the wave theory is beyond the scopeof this lesson. Po-
larization we shall descrite in detail in a later lesson.

[nterference is a phenomenon witn which you are already ac-
quainted. Io the case of radio waves, it is called "fading". Yon
will recall that fading occurs when two radio waves reach a certain
rlace 180° out of phase. In that case, the two waves cancel each
other and there is no voltage at that point. If the two waves ar-
rive at a given point in phase, then the signal stremgth is twice
the value of one wave or is equal to the sum of the peak values of
the two waves. In the case of fading, one wave traveled to the
listening point direct from the radiatine antenna; the other wave
reached the listening point by reflection from the outer atmosphere.
This process of fadiny in the case of light, we call interference.
When two light waves arrive at a point 180° out of phase, they can-
cel and we have darkness. Fig. 2 shows in the case of radio the
process of fading and in the case of light the process of inter—
ference. The interference, or fading in light waves isnot usually
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noticeable to the average observer without special equipment. In
vour high school physics conrse, your instructor may have demon-
strated to you the Newton Ring experiment. This experiment is the
illustration of the interferenceof light. The fact that every part
of a light wave travels at the same speed as every other part is
to be expected when considering the wave theory. We know that all
parts of the radiation pattern of a broadcast station travels at
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Fig.2 Interference of two waves.

the same speed as every other part. In fact, the speed that light
travels is the same as that at which radio waves travel; namely,
186,000 miles per second. From now on, in our discussionof light,
we will think of light as awave motion. Light, then, has frequency
or wavelength. We can use the sine curve as the representation of
a light wave. We can also speak of the phase of light waves. The
equation frequency times wavelength is equal to velocity which was
learned for radio waves is also true for light waves.

The wave theory of light has been modified somewhat by modern
physicists. The theory as it stands does not account for, or ex—
plain, the energy relationship between electrons and light. In the
study of photo-electricity, we will take this point up. The name
applied to the present conception of light is called the "Quantum
theory". The Quantum theory requires a slight modification of the
wave theory of light, but as far as we are concerned in our study
of light and television, we shall consider the wave theory as an
accurate and true representation of the nature of light. From now
on, we shall consider light, as are radio waves, an electromagnetic
wave motion. The frequeney of light waves isvery, very much high-
er than that of radio waves. Therefore, the wavelength will be
very much shorter.

3. VISIBLE SPECTRUM. It has already been stated that light
forms a part of the electromagnetic spectrum of which radio waves
also constitnte a part. The range of frequencies which we call
light or the range of frequencies to which our eyes are sensitive, we
ca%l the visible spectrum. Fig. 3 isarepresentation of tne entire
electromagnetic wave spectrum. It may be easily seen that the fre-
quencies of radio and light takeup but asmall section of the entire
range of frequencies covered by the electromagnetic form of waves.
The visible spectram covers a range of froa 375,000,000,000,000
cycles to 750,000,000,000,000 cycles. Thus we see the visible

5



TROM UNIT.
30,000 M ANGSTROM UNITS

10 KC.

548 M,

]

.
poogs BROADCASTING 9aND

T

200 M.
1500 KC.

SIATM LEONS

[e— 010 s—mn

10 METERS
30.000 xC.

I

NOILYZEN WO O1OYY NI 03

1 METER
300 MC.

SIM M wTiZiH

NO 1933

10 (M.

i 4d0-15¥1% -

L0u M,

L01 LM,

Ia

¥ «'
SA7d 173 ¥0

e Q¥ vran|

00008 CH.

v 5 BLE

HI¥vE 9RIN)Y
PT-SATY 4710S

.00002 M. I

L0 o,

2

132

1.4%107° cx,

SATA ThW?Y

WNIQYH AR
GIL1i%3 AISNOINYINDGGS

SAYE JIASCY

pp——— Ul 1% Q317
—J0SST NUILTIOYY

Fig.3 Electromagnetic
wave spectrum,

10

s.5x10%7

Pthd

x10tt

1x10®

"

200

woe

WGt

.1

spectrum occupies only oneoctave?
in the electromagnetic spectrum,
If we make useof the relationship
that the velocity of light is equal
to the frequency times wavelength,
we can calculate the wavelength of
the limits of the visible spectrum,
From this calculation, wewill use
as the velocity of light 30,000,
000,000 centimeters per second.
This is the approximate equivalent
of 186,000 miles per second. The
shortest wavelength then to which
the eyeis sensitiveis 00004 cen-
timeter and the longest wavelength
is ,00008 centimeter . You see
then, that the frequencies of the
visible spectrum are very much
higher than those in the radio spec-
trum while, correspondingly, the
wavelengths are very much shorter.
In radio, we measure our wavelength
ia meters and in tens and hundreds
of meters; with light, we measure
our wavelength in very small frac-
tions of a centimeter. For con-
venience, we use another unit to
measure the wavelength of light.
It is called the angstrom. One
angstrom is equivalent to .00000001
of a centimeter; that is, one cen-
timeter contains 100,000,000 ang-
strom units. Then, .00004 centi-
meter is equivalent to 4,000 ang-
strom units and .00008 centimeter
is equal to 8,000 angstrom units,
Thus we say the visible spectrum
covers a wavelength range of from
4,000 to 8,000 angstrom units. For
longer wavelengths or lower fre-
quencies, another unit called the
nillimicroa is used. Ooe milli-
micron is equal to 10 angstrom u-
nits. Another uunit whichis some-
times used for wavelength measure-
ments is the micron. Onemicronis
equal to .0001 centimeter. Thus,
a vavelrasth of 4,000 aagstrom
units correspouds to 400 millimi-

. . * an ortave isarange of frequencies
In which the highest is twice the lowest.

6



cronsor .4 micron. When discussing light, or the visible spectrunm,
we shall use the angstrom as the unit of measurement of the wave-
length rather than using frequency in cycles per second. The fre-
quency magnitudes are large and difficult to handle. The part of
the electromagnetic spectrum which we call light or the visible spec-
trum ranges from 4,000 angstroms to 8,000 angstroms,

In what way is the eye able to distinguish one frequency from
another? The eyeinterprets the different frequencies of the visible
spectrum as differences in color. Similarly, in sound, the ear
distinguishes differences in frequency as different pitches. The
color that the eye associates with light that has a wavelength of
8,000 angstrom units is red. The color that the eyeassociates with
light having a wavelength of 4,000 angstrom units is violet. As
the wavelength lengthens from 4,000 angstrom units to 8,000 ancs-
trom units, the eye sees the following colors: violet, blue, green,
yellow, orange, and red. There is no sharp change from one color
to the next; it is a gradual change or merging. This is true be-
cause the visible spectrum covers a continuous range of frequen-
cies between the two limits. Fig. 4 shows the colors and their
corresponding wavelengths for the boundaries of the band.

4000
Violet<
4200

Blue
1920
Green
Fig.4 wWavelengths of colors 5350
of the visible spectrum Yellow
5860
Orange
6470
Red
8000

You are probably wondering where white occurs or what wave
length white has in the visible spectrum. There is no such thing
as white in terms of wavelength or frequency. White is the sensa-
tion the eye receives when all the colors of the spectrum are merged
together,

" To prove this, it is necessary to separate white light into
all the frequencies covered by the visible spectrum. To do this,
we will pass a ray ofwhite light through a glass prism. A prism
will change the path of the light Trays, but changes some freguencies
more than others.. The amount of bending is proportional to the
frequency or inversely proportional to wavelength. The shortest
wavelength or the violet endof the spectrumis bent the most. Fig.
5 shows what happens to a leam of white licht when it is passed
through a glass prism. Thus, we can see that white light does not
exist, but can be considered as being made up of all the frequencies
or wavelengths occurring in the visible spectrum. This process of
separating white light into its compounent frequencies is called
dispersion. A rainbow is a case of dispersion produced by anature.
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A rainbow occurs when thesun is shining during rainfall. The little
drops of water in the rain act as prisms and disperse the sunlight
into all its component frequencies or wavelengths,

Likewise, in the visible spectrum, there is no wavelength to
which is attached the name "black". The eye receives thesensation
of black when there is no light being reflected to it from the ob-
ject. Therefore, black and white, as true colors, do not exist.
Biack means that no color is being received by the eye, while white
means that all colors in the visible spectrum are being sent to
the eye. .

Dispersion of white
a pr

ism,

[
Y
G
B8
v

4, COLOR. Now we are ready to state why objects appear to
have a color when exposed to white light. We call an object "red™
when it reflects red light to our eyes and absorbs all the other
colors in the spectrum. Similarly, we call an object "green" when
it absorbs all colors in the spectrum except green and reflects
the green back to our eyes. Therefore, the colar of an object is
the color of the light which it reflects. The colorof transparent
or translucent substancesis the colorof the light they will trans-
mit. Thus, a piece of red glass will let red light pass through
it, but absorbs all other colors. Thus, the color that the eye
associates with an object is the color that the object will reflect
or transmit to the eye. We have been discussing the color of ob-
jects when illuminated by white light. White light, remember, con-
tains all of the frequencies present inthe visibtle spectrum. Sup-
pose we shine a red light on the colored comic section of a news-
paper. As stated before, the color of an object is the color of
the light which it will reflect, all other colors being absorbed.
The white section of the paper will reflect all of the colors. The
red parts of the pictures and the white would reflect the red light
equally well and we would be unable to distinguish the red section
from the white. All other colored sections of the picture such as
the blue, sreen, etc., will absorb the red light and appear black.
If we now i1lluminate the paper with green light, all parts of the
picture which were green will disappear. The redand all the other
colors will show up as black.

The color of transparent objectsis the coler of the light that
they transmit. If we view a green object through a red glass, the
object appears black because the red glass is unable to transmit
green light, If we view a colored picture on a white background
throuch a piece of preen glass, all of the green parts of the pic-
ture will disappear by merging with the white background. All of
the other colorsinthe picture appear black. The effectiveness of
stage illumivation depends upon these properties of color.
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We have stated before that the sensation of white is the ef-
fect produced when all of the colors of the visible spectrum are
present. However, it is not necessary to have all of the colors
of the spectrum to produce a white sensation. For example, if we
have blue and yellow light mixed togrether, we get the sensation
of white. Such colors are called "complementary colors”; that is,
any pair of colors which produce the sensation of white are called
complementary colors. During the discussion of complementary colors,
we are speaking of mixing colored light. Ifwemix blue and yellow
paiot together, the resu%t is green, not white., Yellow paint abs-
orbs all of the colors at the violet end of the spectrum and re-
flects yellow, some red arnd some green. Blue paint being at the
opposite ead of the spectrum, ahsorbs all theredand all theyellow,
but reflects a little green. The only color reflected by the com-
bination is green. Therefore, a mixture of blue and yellow pig-
ment gives the effect of green. It is quite importamt to carefully
distinguish between the mixing of colored lights and the mixing of
pigments. The color of a mixture of pigments is the color that
they all reflect in common. The eye receives one color froma mix-
ture of pigments, but it receives all thecolors present in the mix-
ture of colored lights.

Some of the mechanisms used in television are sensitive to a
mach wider range of frequencies than 1s the human eye. As stated
before, the human eye is sensitive to wavelengths ranging from 4,000
angstrom to 8,000 angstrom. We apply the name ultra-violet to the
wavelengths beyond the violet end of the spectrum. We apply the
name infra-red to those wavelengths that are beyond the red end of
the spectrum. We usually apply the name ultra-violet to that range
of frequencies with wavelengths from 4,000 angstroms down to 200
a.n%stroms. The infra-red covers the range of wavelengths from
8,000 angstroms (.00003 centimeter) to those wavelengths approxi-
mately .03 centimeter. Wavelengths shorter than the ultra-violet
rays are called X-rays, Gamma rays, and cosmic rays in the order
of decreasing wavelength. We consider wavelengths greater than
those in the infra-red region as heat waves and then comes the ul-
tra-ultra short radio waves. We are particularly interested in
the infra-red and ultra-violet regious of the ~lectroszcaetic wave
spectrum, because many of our light sensitive devices, which are
sensitive to wavelengths in the visible spectrum, are also sensi-
tive to wavelengths in these two sections at either end of the visi-
ble spectrum.

5. PRODUCTION OF LIGHT. We are familiar with the ways in
which radio waves are produced. The simplest radio wave generator
consists of an oscillator coupled to an antenna. The oscillating
antenna current sets up electromagnetic waves iun the surrounding
ether. These electromaznetic waves consist of but one frequency.
The exact process involved in the generation of electromametic
waves in the visible region of the electromagnetic wave spectrum
is oot well known. Therefore, we shall not attempt to explain how
light waves are generated.

There are four ways inwhich light is produced: incancescence,
luminescence, fluorescence, and phosphorescence. By incandescence
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we mean the light radiated by very hot solids and liquids. This
light usually contains all of the frequencies covered by the visible
spectrum. The filament in an incandescent lamp is an example of
a solid generating light by incandescence. Liquid iron also radi-
ates light by incandescence and the light radiated covers the en-
tire visible spectrum, On theother hand, incandescent gases radiate
one or more very narrow bands of frequencies over the visible spec~
trum range. Incandescent gases radiate a single color, while in-
candescent solids or liquids radiate white light.

Luminescence is the zeneration of light by a gas whenitis ex~
cited by an electric spark, such as a neon sign or a mercury vapor
lamp. Again, the light produced consists of one small band of fre-
quencies or several very narrow bands of frequencies distributed
throughout the visible spectrum. There is not a continuous spec-
trum radiated.

We apply fluorescence to the generation of light by substances
when they are exposed to streams of electrons or to short wave-
lengths such as the ultra-violet or X-rays. For example, when cer-
tain kinds of glass are exposed to ultra-violet light, thzy will
give off a green light. The radiated light ceases just as soon
as the ultra-violet, X-rays, or electron beamis removed. Many sol-
ids, liquids, and gases can be made to generate light by fluores-
cence. The cathode ray tube screen depends upon fluorescence for
the production of light, The end of the cathode ray tubeiscoated
with a substance which will fluoresce amd generate light when ex-
posed to a beam of electrons.

Light %eneration by phosphorescence is similar to that pro-
duced by fluorescence except that phosphorescence continues after
the exciting beam is removed. Phosphorescence and fluorescence
usually occur together. Some phosphorescent materials radiatelight
for just a fraction of asecond after the X-rays, ultra-violet rays,
or electron beam is removed, while others will generateit for many
hours after the exciting agency is removed. In the case of the
kinescope, the television cathode ray picture tube, the screen
material does not generate much light by phosphorescence; that is,
its phosphorescent period is extremely short. Otherwise, the re-
ceived picture of rapidly moving objects will be very much blurred.

Modern physicists are beginning to understand the production
of light by these four methods much more clearly than they formerly
did. However, it is beyond the scope of this lesson and we will
not go into any of the modern theories of the generation of light.

6. LIGHT INTENSITY MEASUREMENT. In our discussion of light,
we have said nothingof the units for measuring the quantityof light
or the intensity of light. However, weare familiar with the means
of measuring the intensity of electromagnetic waves. We speak of
it as so many "microvolts per meter", or "volts per meter", depend-
ing upon the proper unit needed. We also speak of the number of
watts that is transmitted by the radiating system. Similarly, in
light we want units for indicating the magnitude of the light gen-
erated and also the amount of illumination received at any point
from that source.

10




First, we wish to know abont the law of the intensity of il-
linination; that is, how the amount of illumination on agiven sur-
tace varies as that surface is wmoved from the light source. Let
ns consider Fig. 6. Let F represent the source of light such as
an incandescent lamp or candle flame. We know that the light will
leave F in straight lines inall directions. Letussurround F with
a sphere that has a radius of 1 foot, with F at the exact center
of the sphere. Let us cut a hole (A B C D) one inch square. The
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Fig.6 Inverse square law of intensity of illumination.

area of the hole is one square inch. Let us surround the first
sphere by a second sphere with -a radius of 2 feet, concentric to
the first shpere. Since thelight rays from F are diverging, those
which pass through the holzs in the first sphere will cover a much
largerarea (A'B'C'D') on the surfaceof the second sphere. Since the
light area illuminated on the second sphere is larger than the hole
throngh which the light passes on the first sphere, the intensity
of illumination on the second sphere must be less than the inten—
sity of illumination on the first sphere. Let us draw lines from
the source of light to the edges of the hole (A B C D) on the first
sphere and continue them in straight lines to the second sphere.
The figure (A'B'C'D') outlined by these lineson the outside sphere
will also be a square, but we see that it is a square whose sides
are just twice the length of the sides of the one inch square hole
we cut in the first sphere. Fach side of the second square is 2
inches long and its area is 4 square inches. We said the area of
the first hole was 1 square inch. That means that the amount of
light passing through one square inch of the first sphere has to
cover 4 square inches of the second sphere; and the intensity of
illumination op the second sphere will be one-fourth as great as
the intensity of illumination onthe first sphere. We can see that
as far as the second sphere is concerned, the distance has doubled,
but the illumination has been reduced to one-quarter. From this,
we see that the intensity of illumination then varies inversely as
the distance. To be more exact, we should say the intensity of
illnmination varies inversely as the square of the distance; that
is, when we double the distance, the light intensity is reduced to
one-quarter. Similarly, if we triple the distance, the light in-
tensity is reduced to one-ainth.
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We shall now list some of the units used in measuring the
luminous intensity of light sources and the amount of illumination.
We usually rate the intensity of the source in terms of candle
power. The original standard used was a sperm candle that burned
at the rate of 8 grams per hour. Such a candle was defined as gen—
erating a luminous intensity of 1 candle power. Such a standard,
however, is undependable because it is difficult to make candles
exactly alike and, therefore, develop the same amount of light each
time. Today, candle power is defined in terms of a pentane lamp
developed by Vernon Harcourt which, when constructed under the
specified conditions, will produce alight source of 10 candle power.
Another light whichis sometimes used as a standard uses amyl acetate
for fuel. This light, when built according to specifications, pro-
duces a light source of .9 candle power.

However, for routine measurementsof light source intensities,
we use incandescent lamps that are calibrated in terms of these
standard lamps. Thelight generated by an incandescent lamE depends
upon the amount of current flowing throughits filament. Incandes-
cent lamps make a good standard because wecan always pass the same
amount of current through the lamp. Because of the shape of the
filament in an incandescent lamp, the amount of light radiated in
various directions will vary; so when using an incandescent lamp
as a standard, we must always be careful that weare using the same
side of the filament as our source of light. .

We define the intensity of illumination on a surface in terms
of foot-candles. The intensity of illumination falling ona screen
one foot distant from a one candle power source is a foot-candle.
Then, according to our law concerning intensity and distance; the
intensity of illumination will be .25 foot-candle at a distance of
2 feet.

The quantity of light shining on a surface is measured in terms
>f lumens. A lumen is the quantity of light received in one second
by a surface with an area of one square foot when the intensity of-
illumination is one foot-candle,

To find the intensity of illumination in foot candles upon a
given surface, we divide the intensity of the source in candle power
by the square of the distance from the source to the screen in feet.
This will give us the intensity of illumination on the surface in
foot-candles. For example, ascreen four feet away froma 20 candle
power light will receive an illumination of an intensity equal to
20 + 42 or 1.25 foot-candles.

To find the amount of light in lumens reaching a given area,
we must multiply the area of the illuminated surface in square feet
by the intensity of the illumination on that surface in foot—candles.
In the example just given, let us calculate the number of lumens
received on four square feet of the surface of the screen. Accord—
ing to our rule, the number of lumensis equal to the araa in square
feet times theintensity in candle power. The intensity of illumina—
tion is 1.25 foot - candles. The quantity of light received then
would be equal to 4 x 1.25 or 5 lumens.

Let us consider another example. Let us calculate the amount,
of illumination received by a piece of paper one inch square and
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placed at a distance of 1C feet from a 5 candle power source. The
intensity of illumination at the paper is eqnal to the intensity
of the source divided by the square root of the distance from the
source to the paper. In this case, the intensity of the illumina-
tion will be equal to 8% or .05 foot-candles. Sincea lumenis de—
fined in terms of square feet, it will be necessary to convert our
square inch to a fraction of a square foot. One square inch equals
144 square foot. Expressed as a decimal, 1 square inch is .007
square foot. When multiplying the intensity in foot - candles by
the area in square feet, we will have .05 x .007 or .00035 lumen,

Let us consider another type of problem. Suppose in the tele-
vision studio, there is a certain scene requiring an intensity of
illumination of 100 foot-candles. The light source available is
rated at 10,000 candle power. How far away should we place tke light
source from the object to be televised in order that the object be
illuminated with an intensity equal to 100 foot-candles. According
to the rule, the intensity in foot-candles is equal to the intensity
of the source in candle power divided by the square of the distance
from the object to the source. In this case, our distance is the
unknown quantity. Solving our equation for this distance, we will
have:

: 2 _ Intensity in candle power
Distance Intensity of illumination in foot candles ()
pz = 10,000
100
D = 100

Then, taking the square root of 100, we will have 10. Therefore,
the light source must be placed 10 feet away from the object to be
televised in order for the intensity of illumination on the object
to be equal to 100 foot-candles. The studio technician must beable
to make many similar calculations.

Fi F2
Figs7 A simple photo-
meter.

Y
10 Inches

7. PHOTOMETRY. It isoften necessary tomeasure the intensity
of a sourceof light in candle power. The instrument used to do this
is called a photometer. Fig. 7 illustrates a simple photometer.
Let us consider Fi as a known source of light and Fz as an unknown
source of light. They are placed at a distance of 10 inches from
each other. S is a screen between the two sources F. and F2, per-
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pendicular to the line joining them. We move the screen back and
forth until we find the point between the two sources Fi and F»
where, to the eye, the illumination of both sides of the screen
appears to be the same. Let us call the distance from Fi to the
screen Ri and the distance from F. to the screen Rz. Let us call
the intensity of the source Fi, I candlepower, and the intensity
of the source Fz, or the unknown candlepower X, We can calculate
the intensity of illumination on both sides of the screen, remember-
ing that the intensity of illumination is equal to the intensity of
the source divided by the square of the distance fromthesource to
the surface. The intensity of illumination on the Fi side of the
screen is equal to I+R:? and the illumination on the other side
of the screen is equal to X:R22. We adjusted the position of the
screen so that these two illuminations were equal, then:

R @)
and, IR22 = XR:?
and, R12 = IR»2
X - R
aad, T~ R2

Solving this equation for X, we have:

= Re?
k= Ixgh

In other words, we can say that the intensity of the unkmown is to
the intensity of the known as the square of the unknown distance
from the screen is to the square ¢f the known distance to the screen.

Let us consider an example involving the use of a photometer.
We have a standard of 10 candle power. The distance between the
standard and the unknown is equal to 10 inches. When thereisequal
illumination on both sides of the screen, the screen is two inches
away from the standard. What is the candle power of the unknown?
Our rule states that the candle power of the unknown is equal to the
candle power of the standard multiplied by the square of the unknown
distance to the screen and divided by the square of the known dis-

tance or standard distance from the screen. In this case, the un-
known will be equal to:

16
(10 x 83+ 22 or }Q__%_ﬁﬁ, = 160 candle power

Commercial photometers take many forms, but they are all based on
the same principle; that for equal illumination, the intemsities of

the two light sources will vary directly as the square of the dis-
tance from the illuminated area.
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8. STUDY OF REFLECTION. We shall now make a more detailed
study of the subject of reflection. As previously stated, there
are two typesof reflectiou, direct and diffused. Direct reflec-
tion occurs when a beam of light falls on a smooth surface and is
reflected in one direction. Diffused reflection occurs when abeam
of light falls on a surface and is reflecied or scattered in many
directions. Diffused reflection is the tvpe that is most common.
Direct reflection is limited to mirrors and other extremely smooth
surfaces.

There is a law which reflection obeys. We shall illustrate
this law of reflection by means of Fig. 8. MM' is a mirror. At
point 0 is erected a perpendicular AD. Thisperpendicularis merely
for convenience. The ray of light (0 touches the mirror at point
0, so we say that the ray of light CO is incidsnt to the mirror at

c 8

. Fig.8 Law of reflect-
ion,
M

point 0. Upon reflection the ray follows the path 0B, so we say
then that OB is the reflected ray. We will call the angle be-
tween the incident ray and the perpendicular, i, andthe angle of the
reflected ray and the perpendicular, r. The lawof reflection states
that the angle of incidence is equal to the angle of reflection,
This law holds true for all types of reflection, whether regular
or diffused.

N Fig.9 Diffused reflection.

We have already stated that diffused reflection occurs with
rough surfaces. In Fig. 9 we show a beam of light consisting of
parallel rays incident upoa a rough surface. At the point of in-
cidence between each ray and the surface, we drawa line perpendicu-
lar to the surface at that point. The path taken by the reflected
ray at that point will be such that the angleof reflection will be
equal to the angleofincidence. Although the reflected rays of our
beam are scattered in all directisns, the law of reflection holds
true; that is, the angle of incidence equals the angle of reflection.
We shall make use of this law of reflection many times.

15




9. PLANE MIRROR. Optical devices that depend upon thelaw of
reflection for their operation arecalled mirrors. We will consider
the case of a plane mirror first; that is, a airror whose surface
is flat. An ordinary looking glass is an example. Let usconsider
mirror M and the object J in Fig. 10, Let us trace the path of two
rays of light from point O to thre points T: and T2 on the mirror.
At points Ti and To, erect perpendiculars to the surface of the
mirror. The ray Ii to the point Ti will be reflected so that the
angle of reflection is equal to the angle of incidence. We will

Fig.10 Reflection by a plane
/// mirror, .

call the reflected ray Ri. Likewise, the ray I to the point Te
is reflected as Rz and the angle of reflection and the angle of
incidence will again be equal. The rays Ri and R. are diverging,
but to an observer, they appear to come from bekind the mirror at
point O'. The observer sees an image of 0 at 0'. We can run many
more lines from O to the mirror and upon their reflection they ap-
pear to come from point 0'. Itisevident from the figure that the
image 0' is just as far behind themirror as the ohject 0 isin front
of the mirror. The student can readily prove this by geometry, An-
other rule that holds true for a plane mirror is that its image is
just the same size as the object,

The image produced by a plane mirror (or in this particular
case 0') is called a virtual image. To haveareal image produced,
all of the rays of light from a point on the object after reflec-
tion must come together at another point. If this were true, we could
produce on a screen an image of 0, but in the case of a plane mir-
ror, the rays after reflection are diverging and never do come to-
gether again, so there cannot be a real image of 0. What wesee is
a virtual image and it appears to be behind the mirrorat the point
from which the rays appear to come., It is important that the stu-
dent should be able to distinguish between real and virtual images.
Again, we define a real image as one which can be formed upon a
screen, A virtual image is one which can be seen but does not ac-
tually exist. The location of the virtual image is always behind
the mirror. We will have a real image if, as we said before, the
rays fromagiven point on the object after reflection come together
again at a point, Their intersection will constitute the image of
the point of their origination.
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10, CONCAVE MIRROR. We will now take up the case of a con-
cave mirror. A concave mirror is formed by cuttiag out a circular
section of a sphere and using the inside surfaceas the mirror. The
point where the center of the sphere occurs we call the center of
curvature, (Fig. 11). Let us draw a lioe through € perpendicular
to the mirrorat N. This linewewill call the principal axis. Let
a ray of light S parallel to the principal axis fall apon themirror
at point P, From the yeometry of the sphere, the perpendicular PC

S L \o

Fig.11 Principal fo- Coe” F N
cus of a concave mirror. ~ -

X

Y

will pass throngh the cenier of the curvature C. From P the ray is
reflected so that the angle of reflection is equal fo the angle of
incidence. The reflected ray crosses the principal axis at point
F. If we follow the path of any other ray parallel to the principal
axis, we find that after reflectionitals> will pass thrcugh point
F. All parallel raysof light incideat upon the surfaceof the mirror,
after reflection, pass through point F, o¢r we can say that Fis the
image of some object extremely distant from the mirror, such as the
sun. Point Fwecall the principal focus. We define the principal
focus as the point where all rays parallel to the priacipal axis of
a concave mirror pass through after reflection; or we say, come to
a focus.

If we use a small section of the sphereas the reflecting sur-
face, which is all we can use to get a sharp image; point F occurs
midway between N and C. The distance NF we call the focal length
of the mirror and it is equal to onme-half the radius of carvature;
we designate it by f. 1f we place a source of light at point F,
all of the rays reflected from the surface of the mirror form a
parallel beam. A concave mirror is used as the reflector in auto-
mobile headlights and searchlights. The source of light is at the
focal point of the concave mirror and all the light reaching the
mirror's surface is reflected to form a parallel beam.

It is possible to have real and virtual images with a concave
mirror. We shall take np the case of real images first. In Fig.
12 we have a mirror MM', the principal axis CN, the center of cur-
vature C, and the focal point F. 0J' represents the object. In
order to locate the image of a point on the object, we will have
to follow the paths of at least two rays from that pointon the ob-
ject. First, let us take a ray from the point 0 goingto the mir-
ror parallel to the principal axis. After reflection that ray
will pass throngh the principal focus F. Let us take a ray from 0
through the principal focus F to the surface of the mirror. After
reflection, that ray will be reflected parallel to the principal
axis. Let us follow the path of a third ray from O perpendicular
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to the surface of the mirror. After reflection, this will be re-
flected back along itself and through the center of curvature C.
These three reflected raysintersect at point I; therefore, I is the
image of point 0, Draw an arrowtol fromtheprincipal axis. This
arrow is an image of the arrow at 00'. In this case we use three
rays to locate our image. Two are sufficient; however, the two rays

M

M’

Fig.12 Real image for
a concave mirror.

must originate from the same point on the object. From this figure
we can see that our image is inverted and is much larger than the
object. Now, if we reverse the positions of the object and image;
that is, let I'represent the object and 0'will be the image. The
image is smaller than the object and is inverted. In such a case
where the object and image positions are interchangeable, we call
the two points conjugate foci.

Fig.13 Virtual image
for a concave mirror,

M

Now let us take the case of a virtual image for a concave mir-
ror. The object will be between the focal point F and the mirror
MM'., In Fig. 13 theobject 00' isinbetween F and the mirror. Let
us now follow the same process as before. Draw three rays from the
object to the surface of the mirror and draw their paths after re-
flection, Let ustake one ray from point 0 parallel to the principal
axis. After reflection that ray will pass through the priacipal
focus F. Let us take another ray through Fto the mirror and after
reflection that ray will be parallel to the principal axis. Let us
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take another ray from J perpendicular to the surfaceof the mirror.
After reflection that ray will bereflected back along itself through
point C. You notice that these three rays are diversingor spread-
ing apart. They seem to come from a point behind the mirror. Ex-
tend the reflected rays behind the mirror until they intersect. Since
these three rays appear to an observer to come from point I, wewill
say then that IT' isavirtual image of 00", Since II' isbehind the
mirror, we are unable to showitonascreen. The observer will see
the virtual image as his eye lenses converge the rays and form a
real image on the retina. The image is erect and larger.

Let us summarize the characteristicsof the image for different
object locations. When the objectisin between the centsr of cur-
vature and the principal focus, the image is outside the center
of curvature away from the mirror; itisreal, inverted, and larger
than the object. When the object isoutside the center of curvature
away from themirror, the image is in between the center of curvature
and the principal focus. It is real, smaller and inveried. When
the object is in between the principal focus and the surface of the
mirror, the image formed is virtual. It is behind the mirror, is
erect, and is larger than the object.

11. SIZE AND POSITION OF IMAGE FOR MIRRORS. There is a very
simple relationship between the size of the object and image and
in their distances from themirror. In the first construction we made
(Fig. 12), let us call the distance O'Nof the object from the mir—
ror, P; and the distance of the image I'N from the mirror, Q. The
law states that the size of the object is to the size of the image
as the object distance from themirror isto the image distance from
the mirror. In other words, the sizes of the image and object are
directly proportional to their distances from the mirror.

For example, let O'N or P in Fig. 12 be 15 inches, and I'N or
Q be 20 inches. If the otject height is5 inches, whatis the image
height? The law states that:

Image size _ _Image distance (3)
Object size Jbject distance

Substituting the known guantities in this equation:

Imag essize - 20
15

Therefore, the image size equals:

4
222 - 20 - 6% inches
13 3

3

There is another law for concave mirrors which is important.
Ii is the law which gives arelationship between the image distance,
the object distance, and the radius of curvature. This law states
hat:
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$eb-2 (4)

Wiere: P is the distance of the object from the mirror;
Q is the distance of the image from the mirror;
R is the radius of corvature of the mirror.

For example, let us take a mirror with a radius of curvature of
30 inches. That means the focal length will be 15 inches. Then,
if we have an object distance of 20 inches; what is the image dis—
tanee? In our formula, we will substitute 20 for P and 30 for R.
Solving for 1 + Q, we have:

L= 2 _1
Q 30 20
S |
60
Selving for Q, we have:
Q = 60

The image distance is 60 inches.

Now, let us calculate the size of the image. We will let the
object have a height of 2 inches. We have already stated that the
sizes of the object and image are directly proportional to their
distances from the surface of the mirror. Substitutingin the pro-
per formula (3), we find that the image size is 6 inches. Let us
apply the formula for the relationship between image and object dis-
tance and the racius of curvature to the case where we hada virtual
image. Since the image is behind the mirror, the image distance
will Le represented by anegative number. Let's take the same mir-
ror as in the previous example, but in this case our object is at
a distance of 5 inches from the mirror. Then, we will have:

1.1 . 2
5 Q 30

2
Q 30 5 15

1
|
e

Q = -7%

The answerisnegative and shows that the image is behind the mirror
and is virtual,

12. CONVEX MIRROR. Now let us consider the convex mirror;
that is, using the sectioa of the outside surface of the sphere as
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‘our reflector. The center of the sphere we will again designate
as the center of curvature. The principal axis is drawn through
the center of curvature perpendicular to the mirror. If we let
a beam of rays parallel to the principal axis be incident upon the
mirror, we will find after reflection that they appear to come
from a point behind the mirror, Fig. 14. This point we shall call

Fig.1% Principal fo-
cus of a convex mirror,

the principal focus. Again, the principal focus as in the case of
a concave mirror is half way between the center of curvature and
the surface of the mirror. Since light waves reflected from a con-
vex mirror will always be éiverging, we shall under no conditions
have a real image formed. All images will bevirtual. Let us take
an example. In Fig. 15, 00' is our object. If we follow a ray of

Fig.15 virtual image
for a convex mirror,

light from 0 to the mirror parallel to the principal axis, after
reflection from the surface of the mirror, the reflected ray will
appear to come from the principal focus ¥. Let us take another
ray from O perpendicular to the surface of the mirrcr. After re-
flection, the ray will be reflected back along itself to 0. The
two reflected rays are diverging; therefore they will noi form a
real image. If we trace the rays back behind the mirror to the
point that they appear to come from, you will find they intersect
and at the point of intersection will be located a virtual image
of the object. You will notice that this image will be erect and
much smalier than the object. The law for the location of image
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and object holds true for the convex mir.or as well as the concave,
but since the center of curvature isbehind the mirrorin this case,
we use a negative number for the value of radius of curvature and
focal distance. Likewise, since the image is virtual, the image
distance will also benegative. The student can think of an exa.mp%e
and work it out for the case of a convex mirror.
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Fig,16 Spherica) ab-
erratiom in a concave
mirror,
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13. SPHERICAL ABERRATION. In discussing concave and convex
mirrors, we always use a small section of the sphereas our mirror.
If we use a large section of the sphere as our mirror, our image
is blurred, while if we useavery small section, the image is quite
sharp. This blurring is due to what is called "spherical aberra-
tion." Fig. 16 illustirates what is meant by spherical aberration.
We defined the principal focus of a concave mirror as the point
through which all light parallel to the principal axis passes after
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Fig.17 Parabolic mir-
ror.

reflection. Spherical aberration occurs wien the light, after re-
flection, especially the rays reaching the outside of the mirror,
do not pass through the principal focus but do pass through a series
of points nearer the surface of the mirror. This lack of a sharp,
distinct focus causes the image to be-blurred. To correct this,
we usually use a parabolic surface such as shown in Fig. 17. An
automobile headlight reflector isan example of aparabolic surface.
For a parabolic surface, all raysof light parallel to the principal
axis, after reflection, pass through the focal point. All rays of
light originating at the focal point after reflection from the mir-
ror form a beam parallel to the principal axis.
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14, REFRACTION. We shall now go into a more detailed study
of the subject of refraction., As previously stated, refraction is
the bending of light rays when they pass from one medium into an-
other. Bending always takes place at the boundary betweer the two
mediums. When light passes from air to water, for example, the
light ray is bent toward the perpendicular erected at the point of
contact between the water and air. (Fig, 18.) When it moves from
water into air, it is bent away from the perpendicular at the point
of contact between the two mediums. We summarize this by saying
that when light passes from one medium into a denser medium, it is
bent toward the perpendicular at point of entry; and when it passes

Perpendiculars

Fig.16 Refraction by water.

from one medium to one of lesser density, it is bent away from the
perpendicular at point of entry to the second medium. The reason
for the bending is the difference in velocity of the light in the
two mediums; the more dense the medium, the slower is the ve-
locity of light. We can givean example toillustrate why the bend-
ing occurs. Let us conmsider a column of soldiers walking on a
concrete pavement or a very smooth parade ground. Let us think of
the parade ground as being bordered by a freshly plowed field. As
the column of soldiers approach the boundary between the parade
gronnd and plowed field obliquely, part of the column will leave
the parade ground before the rest as illustrated in Fig. 19. Just
as soon as the first man in the front line of the column reaches
the plowed ground, he is slowed up as the walking is more difficult
and, as each man enters the plowed region, he is slowed up like-
wise. This slowing up in speed causes the direction of the column
to be shifted toward a perpendicular to the boundary and.if the
column continues exerting the same amount of energy in walking,
its speed will be slowed up and the direction of the column will
be bent or deflected. Now let us take the case of the column of
soldiers returning from theplowed field to the smooth, level parade
ground. Again, let them approach the boundary obliquely. When the
first man in the first row reached the parade ground, hewalks much
faster and as each man in the first line approaches the parade
ground, his speed will increase because of the easier walking. In
this way the first man reaching theparade zround will covera great-
er distance than the last man to reach it in a given interval of
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time. Thus, the direction in which the column of soldiers is mov-
ing is deflected. This time the deflectiou will be away from the
perpendicular to the point of entry at the boundary line. If the
column approaches the bloundary perpendicularly, all in the front
row will increase speed together, and the direction will beunchanged.
In a like maoner, a ray of light is deflected or bent at the point
of entry from one medium into another; (provided the light ray is
not perpendicular to the boundary), since the velocity inthe denser
medinm will be slower than that in the less dense medium and the
amount of bending will ve proportional to the change in density be-
tween the two mediums.

Fig. 19 !llustrating cause of refraction.,

The measure of the magnitude of bending we label with the term
"index of refraction". The index of refraction is defined as the
ratio of the velocities of light in the two mediums; and in calcu-
lating the value of the index of refraction, the speed of light in
any medium is referred to its speed in vacuum. Also, the shorter
wavelengths of the visible spectrum are beat more than the longer
wavelengths; that is, the shorter wavelengths are slowed up more
when passing from one medium ianto a denser medium than are the
longer wa,ve%engths. Therefore, the index of refraction varies with
the wavelength; isgreatest for the short wavelengths and least for
the long wavelengths.

This information will enable us to explain why a glass prism
is able to separate white light into its component freguencies.
In Fig. 5, we have a glass prism with perpendiculars erected to
two of its surfaces. A rayoflicht is incident on one surface and
when it enters in the plass prism it is bent toward the perpen-
dicular, violet being bent most and red being bemt the least. The
light beamis separated into its component colors. When these com-
ponents reach the other surface of the prism and enter into a
less dense medium, the air, theyare bent away from the perpendicu-
lar. In this case, the violet will be bent away the most and
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the red least, thus further separating the componenis of the white
light. If we place a screen in the path of the light leaving the
prism, the colors of the spectrum will be revealed. The name we
gave to this process, you will recall is dispersion.

15. LENSES. An optical device which makes use of the refrac—
tional properties of light when passing from one medium to another
is the lens. Youarealready familiar with some of the common forms
of lenses such as eyeglasses and the reading glass. We have two
general types of lenses, convex and concave. The convex lensis called
a converging lens, because it brings light rays that pass through
it together. The other type of lens is called a diverging lens, be-
cause it causes parallel light rays that pass through it to diverge
orgoapart. The reason that lenses have these propertiesis because

|
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Fig.20 Converging and diverging lenses.

of the different speeds of light in glass and inair. If we take a
cross section of a convex iens, we can think of it as Llwo prisms with
their bases together. Wehavealready shown that light when passing
through aprism is bent and since the two prisms have their bases to-
gether, the light passing through the edges will be bent toward each
other, while the light through the center, where the surfaces are
practically parallel, will not be changed.

Fig. 20 illustrates the action of light in going through a di-
verging and a converging lens, In the case of the diverging lens,
the two prisms have their apexes together, and as ihe light going

( L))

Fig.21 Types of lenses.

through a prism is always bent to the thick side, the light passing
through the lens is bent toward the edges. A lens will be a con-
verging lens if it is thicker in the center than the edges, and a
diverging lens if it is thinner in the center than at the edges.

All lenses may be classified under six gemeral headings as il-
lustrated in Fig. 21. The name depends upon the type of surfaces
the lens has., Naming them in order from left to richt, we have a
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double-convex, plano-convex, concavo-convex, double-concave, plano-
concave, angd convexo-concave.

Lo studying lenses, we shall have to give them certain proper-
ties. We shall call theline passing through the center of the lens
perpendicular toits surfaces, the principal axis. All lenses have
a principal focus. In the case of aconverging lens, the principal
focus is that point at which a’ parallel beam of light after pass-
ing through the lens comes to a focus. In the case of a diverging
lens, a parallel beam of light after passing through the lens, di-
verges, but appears to diverge from a point. That point is called
the focal point. Forasimple double-convex lens, the focal points
are at the centers of curvature. If we place a point source of
light at the focal point of a converging lens, the rays after leav—
ing the lens will forma parallel beam. Searchlights use this prop- -
erty of a convex lens to form a parallel beam of light. Ifwecon-
sider the center of the lens, we notice that the two surfaces of
the lens are practically parallel at that point. Therefore, a ray
of lipght going through the center of a lens is passing through a
region of constant thickness and will not be deviated. Since the
center of the lens has this property, we callit the optical center
of the lens. If the lens is very thick at the center, the optical
center is not awell defined point, but for thin lenses, the optical
center is essentially a point.,

0 - /\

Fig.22 Real image for convex lens.

16. CONVEX LENS. We shall locate the images graphically for
lenses just as we did in the case of mirrors. Let us first con-
sider a convex lens as in Fig. 22. Draw in the principal axis
FiCFz and the principal foci F: and F2. We will have a principal
focus on each side of the lens, because a parallel beam of light
passing through either side will converge on the other. In this
case, let us locate our object outside of the principal focus on
one side of the lens. We will follow the same process as we did
before. We require at least two rays of light in order to locate
the image. In this case, we will use three. First, let us take
a ray of light from point O on our object and let it pass parallel
to the principal axis. After passing through the lens, according
to our definition, it is bent and passes through the principal focus
at F2. Now let ustake another ray from 0 through the optical cen-
ter of the lens. According toounr definition of the optical center,
this ray will pass through the lens witliout any change in direction.
Now, let us take a third ray, this time from 0 through the focus
Fi to the lens. According to definition, after passing through the
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lens, this ray will be parallel to the principal axis. These three
rays all intersect at point I. Thus II' is the image of 00'. The
image is real and inverted. In this particular case, the image
is about the same size as the object, but from observation of this
figure, we can see that as the object is moved away from the lens,
the image will approach the lens and, as it approaches, will become
smaller. As theobject moves toward the lens, the image will recede
from the lens and will become larger. When the object reaches the
focal point, the image will be at an extremely distant point from
the lens., Likewise, if the object is extremely far from the lens,
the image will be at the focal point on the other side of tihe lenrs.

Let us consider the case when the object is between the focal
point and the lens. Fig. 23 shows the typeof image we have. Fol-
low the same process of construction of the image. First, let us
take a ray of light from 0 parallel to the principal axis. After
bending by the lens, this rav will pass through F2or the principal

i
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Fig.23 virtual image \/

for convex lens.

focus. Let us take a 1ay trom J tarough the optical center of the
lens. After passing throuvh thelens, this ray will continue with-
out any change in its path., Let us take a ray from 0 to the lens
as though it came from Fl. This ray, after passing throush the
lens will be bent parallel to the principal axis. You will notice
that these three rays are all diverging. Therefore, we can never
have a real image formed, but to the observer on the right side of
the lens, the rays will appear to come from some point behind the
lens. Continue the rays back until they intersect and the point
of intersection I will be a virtual image of 0. We incicate the
apparent path of these light rays by dotted lines. In this case,
the virtual image is erect. It is larger than the object. From
Fig. 23 we can see that as the object approaches the focal point,
the size of the image will become larger, and, when the object
reaches the focal point, the virtual image will disappear and we
will have a real image formed on the other side of the lens at
an extremely far distant point.

We will summarize the properties of the image for various po-
sitions of the object in relation to the lens. If the object is
between the focal point and the lens, we will have a virtual image
which is enlarged, on the same side of the lens as is the object,
and is erect. When the object is outside of the focal point, we
will have a real image on the other side of the lens, and its size
will depend upon the position of the object with respect to the
focal point. The image is inverted. When the object is at the
focal point, the image will have its maximum size, but as the object
recedes from the focal point, the image becomes smaller until it
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has its minimum size and is at the focal point while the object is
at an infinite distance. We can use a convex lens for magnifying
when the object is between the focal point and the lens, and we have
a virtual image. A virtual image, as you will remember, is one we
cannot cast on a screen, bLut as the eye constitutesasmall optical
system, the virtual imape of, the reading glass acts as an object
for our eye. In this case, sincz the object will be outside the
focal point of the eye, a real image will be formed on -the retina
of the eye. A little later, we wi‘%l go into the discussion of op-
tical instruments and the construction of the eye. This point will
then become clear. Most people have, at one time, experimented
with a reading slass and became acquainted with the fact that the

are enlarged and magnified, are erect and cannot he cast onascreen,
Perhaps you are not familiar with this fact., When a reading glass
is used as a burning glass, we have a case where the object is ex—
tremely distant, the image appearing at the focal point. In this
case, it is the image of the sun at the focal point of the lens.

Fig.2% virtuail image for concave lens.

17. CONCAVE LENS. Now let us consider the case of a concave
lens; that is, a lens which is thinner at the center than at the
edges. The lens diverges the light rays that pass through it. In
Fig. 24 we have a diverging or concave lens, principal axis FiF2,
two focal points, F: and F2, and the optical center C. Remember,
in the case of a concave lens, we defined the focal point as the
point from which parallel rays of light appear to diverge after
passing through the lens. Since we can pass a parallel beam through
the lens in 2ither direction, we will have two such points. For
a simple double-concave lens, the focal points are all near the cen—
ters of curvature. Since a concave lens causes light rays to di-
verge, we know that we are going to have a virtual image because
diverging light can never intersect or come together.

First, let us take the case of an object outside of the focal
point. We will follow the same process as before. First, let us
take a ray from point O pairallel to the principal axis. After pass—
ing through the lens, it will appear to diverge from Fi, Let us
take another ray from 0 through the optical center of the lens.
This ray will continue with its path unchanged. Take another ray
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frow J1inthe direction of F2. This ray, after passing through the
lens will be bent parallel to the principal axis by definition for
the focal point F». You will notice that these three raysof light
are diverging; that is, they will never come together. Let us con-
tinue them to the left by dotted lines. We find they intersect at
I. Therefore, I will be a virtual image of 0. In this case, *he
virtual image is erect and is smaller than the object. We can see
from the figure that as the object recedes from the lens, the image
will get larger. The maximum size of the image will be equal to
the size of the object whea the object 1is right next to the lens.
In general, then, the characteristics of the image for a concave
lens are that it is virtual, erect and, smaller than the object.

18, SIZE AND POSITION OF IMAGE FOR LENSES. We will next take
up-the laws of lenses. You will recall that in the case of the
mirror, there is a relationship existing between the size of the
object and image and their distances from the mirror. The sizes
of the object and image are directly proportional to their distances
from the mirror. The same law holds true for a lens; that is, the
size of the object is to the size of the image as the object dis-
tance is to the image distance. Like the mirror, there is a law
relating the distances of the object and image from the lens with
some physical characteristic of the lens. You will recall in the
case of the mirror, we are able to have an equation relating the
object and image distance to the radius of curvature of the mirror,
In the case of the lens, the law takes the form of:

P * Q f (5)
Where: P is the object distance,

Q is the image distance,
f is the focal length of the lens.

By means of these two laws, we are able to describe the size and
position of the image when we know the size and distance of theob-
ject and the focal length of the lens.

Let us work out an example. Consider a lens that has a focal
length of 30 inches, the object is 40 inches from the lens. Where
will the image be? In this case, P = 40, f = 30, so our equation
will take the form.

_1. + l = i.

40 Q 30
Solving for %, we have:

1 - 1 _ 1

] 30 40

Since the least common denominator is 120, we will have:
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Solving for Q,

¢ = 120 inches.
The image will pe 120 inches from the lens. Now, let us consider
the image ag having a size of 1 inch. What will be the size of

the object? The sizes of the image and object are directly pro--
portional to their distances from the lens, We have then:

20 - 1
E

Solving this equation, then, we wijl have:

120X = 40
= ﬂ
g 120
=1
3

The size of the object, then, would be #inch. In this particular
example, we located the object outside of the focal point. Now,
let us consider the case when the object is inside the principal
focus or focal point. Using the pame lens with a focal length of

30 inches, let us have the pbject a distance of 20 inches from the
lens. We will have:

1.1 _ 1
Q 30 20
The least common denominator is 60, so we will have:
Or, we can say:
- _1
Q 60
Solving the equation for Q, we wil] have:
Q = -60

Wien we have a real image, it is on the opposite side of the
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lens from the object Now, in this case, since the image distance
comes out negative, we know we will have a virtual image and the
image will be on the same side of the lensas the object. Now, let
us calculate the size oi' the image if the object is one inch high.
Keep in mind that the object size is to the image sizeas the object
distance is to the image distance. We will have:

l = @

X 60
Solving the equation, we will have:

20 = 60

X = 3 inches

In this case, we will havea magnification of 3; that is, the image
is three times the size of the object. Whenever we make use of a
virtual image, whether it be with a concave mirror or converging
leas, we must be sure to always consider our image distance as a °
negative number,

We make use of the same formula for the diverging lens, but
since the lizht rays after passing througn a diverging %ens spread
out instead of coming together, we will not have a positive number
to represent the focal length of that lens, but the distance from
the lens to the apparent focus or the distance from the lens to the
point at which the light rays appear to diverge we will call the
focal length of the lens, and, in this case, since the light rays
are diverging and not converging, we will give it anegative value.
Also, since the image is always virtual, our image distance will
always be negative.

Let us take an example. We will consider a diverging or con-
cave lens that has a focal length of 30 inches. In this case, we
will let the object distance equal 40 inches. Let us locate