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TELEVISION RECEIVERS
621.397.62

The previously described television receiver has been improved and simplified by the use
of components of a new type, among which are amplifier valves with secondary emission,
relay valves and cathode ray tubes with magnetic deflection. The most important details'
of the new type of receiver are here described. .

About two years ago a television receiver ~as
describ~d in this periodical I] which was designed
for reception of the programmes transmitted by the
B.B.C. in London. The development of this appa-
ratus has been continued, and it has been found
possible to simplify the circuit considerably by
the use of components of an improved type, and
to make the apparatus suitable for series manufac-
ture.

The new television receivers which will be des-
cribed in '~he following are tuned to the London:
. transmitter (carrier wave of the picture 45 mega-
cycles, carrier wave of the sound' 41.5 megacycles)
or to the Paris transmitter (carrier wave of picture
46 megacycles, of sound 42 megacycles). Both of
these transmitters use interlaced scanning. The
picture transmitted by the London station has
405 lines, that of 'the Paris transmitter 455 lines.

1) Philips techno Rev. 2, 33, 1937.

The television signal

The television receiver must amplify and rec-
tify the incoming signal, and break it up into four
parts: the picture signal, the sound signal, the pic-
ture synchronization signal and the line synchro-
nization signal. The picture signal is fed to the
control electrode of a cathode ray tube, the sound
signal goes to a loud speaker, the synchronization
signals serve to synchronize two saw tooth wave'
generators which provide the currents necessary
for the horizontal and vertical deflection of the
electron beam to scan the whole surface of the
screen.
We shall first examine the way in which the

different signals are dealt with in the modulation
of the television transmitter. We need only con-
sider the picture voltage, since the sound is modu-
lated in the ordinary way on a separate carrier.
In fig. 1 the modulation is given of the picture

signalof the London trànsmitter. The ordinate

. .

.Q.

Fig. 1.Modülation of the television sign~l. The range of hrightnesses from black to white
is reproduced by a change of the amplitude between 30 and 100,Percent. I~ a may.be
seen the line synchronizution signalwhich consists of a total suppression of the SIgnalduring
10 micro seconds and a "black" signal of 5 (.L sec. In diagrams b an~ c the even ?nd od~
picture synchronization signals, respectively, are given. The durat~on of these SIgnalsIS
400 (.L sec, while th? picture modul?tio~ is s~ppre~se~throughout an mterval of 2 ~OO(.L sec
each time. The picture synchronization SIgnal rs mterrupted by a.number of ~mpulses
which provide the line synchronization. As may be seen there ~re twice as ~a~y Impuls~s
during the picture synchronization signal as is necessary for l~e synchronisation. I~ t~s
way the odd and the even signals are made to appear ~ractlCally the same,.'which 15

desirahle since otherwise there is danger that the two hne patterns of the Interlaced
mage may he mutually displaced.
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gives the amplitude of carrier in per cent of the
maximum amplitude. At moments' when the screen
is dark the carrier has an amplitude of 30 per cent.

. With increasing brightness the amplitude increases
to 100 per cent. At the end óf each line of the

Fig. 2. Synchronized scanning. The r.even" picture synchro-
nization signal begins at the end of a line, the "odd" one begins
in the middle of a line.

picture the amplitude of the carrier falls to zero
for an instant (line synchronization). This takes
place 405·25 ~ 100 000 times per second. In addi-
tion, picture synchronization takes place 50 times
per second and a distinction must be made between
odd 'and even picture synchronization, in connection
with the interlacing (see fig. 2). An even picture
synchroniza'tion is shown in fig. lb, an odd one in
fig. le. Both of these consist mainly of a~ interrup-
tion of the carrier 1ike the line synchronization
signal, but they are in this case, of longer duration,
namely long enough for four lines to he scanned. For
further details refer to the text under fig. 1.

sow tooth-voltage ~
picture synchr. sign. ~, t:::J c:::J c:.l I
line ..synchrun. sign. UE!III!!!!I!I!!

. picture signal ~
sound signal ~

Circuit arrangements of the receiver

In fig. 3 a very much simplified diagram is given
of the circuit of the television receiver. Each
valve is indicated by a circle, while the other ele-
ments of the circuit are emitted. Picture and sound
signals' are picked up by the aerial A and ..amplified
together in' the first amplifying stage. The signals
are then sent te the mixing' stage consisting of
two triode-hexodes.

The signals on the intermediate frequency: car-
rier are separated into sound signals, ,with a fre-
quency of about 9.7 megacycles, and the band of
picture and synchronisation signals, which extends
from 10.4 to 13.2 megacycles.

The sound signals are amplified and ~rectified
on the intermediate frequency carrier, amplified
on a low-frequency carrier and fed to the Ioud
speaker L.

The picture ,and synchronization signals are
amplified by a broad band amplifier in two stages
(SPl' Sp2)' They are rectified by means of the diode
Db and then immediately passed to the control
electrode g of the cathode ray tube. The synchro-.
nization signals are separated by means of the
stage :Ps Ds from the picture signals, and are then
sent to the saw tooth generators for line and picture,
each of which consists of two stages. The output.
signals from, these supply the coils $Pl and SP2
for horizontal and vertical deflection, respectively.
If the circuit is compared with the one given

two years ago for the television receiver, the most
striking difference is the great decrease in the num-
ber of valve~. The intermediate frequency picture
signals which were previously amplified in three
stages are now amplified in two stages. The inter-
m~diate frequency sound signals are now amplified

Fig. 3. Amplification of the television signal und gradual separation into sound, picture"
line synchronization and picture synchronization signal. S amplifier valves with secondary
emission, TH triode-hexodes, P pentodes. D diodes, R relay valves, Sp coils, K cathode
ray tube, L loud speaker.

"
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hy only one stage, while previously two stages were
needed. In the amplification of the synchronization
signals also, as well as in the construction of the
saw tooth generators, the numher of valves has
heen decreased.

This saving has heen made possible in the first
place hy the use of amplifier valves with secondary
'emission. These valves have a slope of 13 mA/Volt,
a value which is' not so easily reached without
secondary emission 2). A further saving in valves

, was achieved hy using relay valves in the saw tooth
'generators, while finally the circuit which separates
the synchronization signals from the picture signals
.requires fewer valves than the one designed two
years ago.

In the following we shall examine a few impor-
tant details of the circuit.

The mixing stage

The mixing stage serves the purpose of trans-
ferring the modulation of the sound and the picture
to a new carrier wave. It is desirahle to separate
. picture and sound from each other at the same time.
In the circuit for the sound selective resonance
circuits can then he applied so that a much, higher
amplification factor can he reached than ,in the

, amplification of the broad frequency hand which
the picture signals occupy.
Fig. 4 shows how this separation. is brought

ahout. The input circuit, consisting of the coils Ll'
L2 and the condenser C, forms a handfilter whose .
elements are so chosen that only the hroad fre-
quency hand of the picture signals are passed to
the triode-hexode T Hb, while the sound signals
are very much weakened. This filter is followed by
the hlocking circuit le which is adjusted to' the
carrier of the sound signal and thus suppresses this
carrier even more..The éoils Ll', L2' and the conden-
ser C' form a second hand filter tuned to the nar-
row frequency hand of the sound signal, which
passes this signal to the grid of the second triode-
hexode T Hg.

The oscillator parts of t_he two triode:hexodes
are hrought into oscillation by means of the same
oscillating circuit. The connections are shown in the
figure, ànd it may he seen that the voltages on
the oscillator grids vary in opposite phase.

2) On the subject of valves with secondary enussion see
Philips techno Rev. 3, 133, 193B. The application of se-
condary emission offers as principal advantage the possi-
bility of obtaining a given anode current with a smaller
cathode than when the current must be generated entirely
by thermionic emission.By the reduction of the dimensions
the input capacity is also lowered, which is a great ad-
vantage in the amplification of broad frequency hands.'

'I'hè anode circuits of the hexode parts, in whi~h
the mixing frequency is generated, are different
for picture and sound. The picture signal, which
occupies a broad frequency hand, is transmitted
to the following stage hy means of a transformer,
').lhe sound signal is amplified selectively hy means
of a tuning circuit which, together with the circuit
coupled with it, forms a filter passing a hand 40
kilocycles in width.

[
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Fig. 4. Circuit of the mixing stage. The element? Ll' L2' C, 1,
c, L/ and C' serve to separate the sound signals which are
passed on to the grid of the triode-hexode THg from the picture
signals which are passed on to the grid of the triode-hexodc
THb.

The intermediate frequency amplification

In general it may he said that it is more dif-
ficult to ohtain good amplification with a single
valve, the greater the frequency range to he ampli-
fied. In an earlier article in this periodical 3), in .
which th~ amplifier of a cathode ray oscillograph
was described, parasitic capacities (mainly the
input and output capacities of radio valves) were
indicated as causes of the difficulties which occur
~iithe amplification of a hroad frequency hand. In
the same article a discussion was given of the method
of' choosing coupling elements hetween two valves
in order to ohtain the highest possible amplifica-
tion which is constant for frequencies from ahout
10 cycles to 1 megacycle.
We are here concerned with a slightly different

case: the amplification must also he constant over a
broad frequency hand which, however, lies hetween
t'Y0 high frequencies of ahout 11 and 13 megacy-
cles. We can however profit hy the results there
found hy making use of the following proposition.

Given, a network consisting of capacities Cl'
self-inductions Ll and resistances RI' If in this
network we connect a self-induction L2 in parallel
with every capacity Cl and a capacity C2 in series
with "every self-induction Ll' choosing ,the quan-

3) Philips techno Rev. 4, 19B, 1939.
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tities L2 and C2 such that the sections are tuned
to a frequency 1'0 in the following way:

ClL2 = LlC2 = (~) 2,
2n'l'0

Then the newly formed network, at the frequencies,

'I' r = 1/'I' ~+ '1'2 _ 1/ 'I'
2 0 4 ,2

has the same absolute values of the impedances
as the original network at the frequency 1'.

rn order to prove this it is sufficient to calculate the impe-
dance of a section which"in the original net~ork contains only
a self-induction or a capacity (the resistances remain unal-
tered). The self-induction is changed to a self-induction and a
capacity in series, tuned to VOo Then at a frequency v, one
finds for the absolute value of the impedance "

IZI = 2 n I(v' _ ':,2)1 L

and when v' is suhstituted in this equation according to equa-
tion (1), one' obtains

IZI = 2nvL,

or the same value as in the original network at the frequency ".
A similar calculation can also be carried out for the capaci-
tive sections of the original network; it is hetter in this case
to calculate the admittance instead of the impedance.

When the original network has a frequency
characteristic, which is flat up to a maximum
frequency '1', the (requency characteristic of the
new network will be flat between "two frequencies
'1'1 and '1'2', which have the following relation ac-'
cording to equation (1)

The extent of the flat frequency region remains
thus unaltered, the region is merely shifted to
higher frequencies.

(1)

On the hasis of fig. 5 we shall explain the cou-
pling of two successive amplifier valves in the
broad band amplifier with the help of this proposi-
tion. Fig. Sa is in principle a resistance-coupled
amplifier having a flat characteristic in a frequency
range which· begins at very low frequencies, and
whose upper limit is given by the electrode capa-
cities of the radio valves which short circuit the
resistance R for very high frequencies. The self-
induction L prevents to some extent the decrease
in the amplification with increasing frequency, by
increasing the anode impedance with increasing
frequency.

Fig. Sb' is a diagram of an equivalent circuit
for the coupling elements of the resistance ampli- •
fier. Fig. Se is the equivalent circuit deduced there-
from of the broad band amplifier in which Cl and
M are self-inductions. Fig. Sd is the arrangement
corresponding to this equivalent circuit.
There are two points of difference between the

circuit and its equivalent, which, however, do not
destroy their electrical equivalence. In the first
place the self-induction M is replaced by the mutual
induction between the coils of a transformer; in the
second place the circuit L, R, Cl" is not connected
in parallel with the entire secondary winding of
the transformer, but only with a part of it. This is
done because otherwise the capacity Cl should
"have an impractically small value. In the case
shown this capacity is 4 fLfLF.

The anode impedance of the whole circuit has
the fairly low value of 4 000 ohms, with which an
amplification per stage of SO times is obtained,
thanks to the steep slope of the valves. The ampli-
fication is constant in a frequency range of two
megacycles.

The rectification of picture and synchronization
signals

The picture signals are rectified in the ordinary
way with a diode as shown schematically in fig. 6a.

g:
_rj_

Fig.. 5. a Diagram of a resistance-coupled amplifier, the amplification of which for high
frequencies is raised by the self-induction L. b Equivalent circuit of the resistance ampli-
fier, c equivalent circuit of a broad band amplifier derived from b, d circuit of the broad
band amplifier.

11:

3"4114
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j ,)

Fig. 7. Amplification of the synchronization signals and their separation from the pictuje
signals. a Principle of the amplifier stage which is connected with the rectifier stage of
fig. 6b. By connecting a ,diodeD. in parallel with the resistance Rp the bias of the control"
grid is kept at such a value that its total voltage with respect to the anode of the diode
D. is exactly zero at the lowest point of the synchronization signals, and otherwise posi-
tive. The diagrams beside the circuits a and b show the corresponding variation of the
grid voltages with respect to the cathode of the pentode.

The "video frequency voltage" obtained, which
fluctuates in the rhythm of the amplitude of the

34115

Fig. 6. a Principle, b circuit of the diode fo~'rectifying the
video frequency signals. By means of several elements in
series, connected in parallel with the resistance T, an effort
is made to render the impedance between the points pand
q as constant as possible for the video frequencies occurring.

, The circuit element R, L, Cl have the same significanee as in
• fig. 5. "

picture signal, is passed directly to the control
electrode of the cathode ray tube. In fig. 6b may

IY
q

p

be seen the actual circuit which is explained in the
text beneath the figure.
The synchronizàtion signals which are also pre-

sent in the rectified voltage are not yet sufficiently
strong to he able to drive the saw tooth generators.
They are therefore amplified once more and at the
same time separated from each other. This is
represented schematically in jig. 7. Th~ recti-

. fied picture- and synchronization signals are sent
to the grid of the pentode Ps via a coupling con-
denser C. The resistance Rs and the. diode D,
need not to be considered. The control grid of the
penthode Ps .has a· negative grid bias, wich is
obtained by inserting a resistance in the cathode
circuit.
Now we can first consider the case; that 1 the

plane of the image is dark and that between pand q
only a synchronisation signal exists, which equals '
the just mentioned negative grid bias, Between
two synchronisation signals, however, the grid
bias equals zero and at every signal a sharp peak
occurs, as indicated in fig. 7. ,.
If a picture signal exists, together with the syn-

chronisation signal, we want quite the same he-
haviour of the grid bias. This is obtained by means
of the resistance Rs. The picture signal gives a
positive voltage }o the control grid.. and a grid
current flows. This means that the resistance
hetween cathode and control grid' }j~comes small '
with respect to the resistance Rs', ,s,? that only a
small part of the voltage remains between pand q
on the control grid. This grid current would cause
the originally chosen grid bias of the! penthode Ps
to disappear. Every time the grid pill,s is becoming
positive, a current starts which charges condenser C
negatively and continually lowers the meal} grid
bias. In order to eliminate this, difficulty a diode
Ds is put in parallel with the resistance Rp which
at once conducts away the charge of the right con-
denserplate, if the potentialof this plate becomes
negative with respect to the anode of the diode.

.&"4116

In this manner the influence of the picture signal
on the grid bias is completely eliminated,

The saw tooth ~enerators

The saw tooth voltage is excited by means of 'a
so-called relay valve; that is a gas-filled .triode in

ID~R c

o ~ J4117

Fig. 8. Diagram showing the principle of a generator causing
a saw tooth current through the deflection coil Sp, By means
of a relay valve a relaxation oscillation is 'generated. A saw
tooth voltage hereby occurs over the condenser C, which is
amplified with the help of a pentode.

which a g~s discharge takes place at a certain anode
voltage which depends upon the voltage on the
grid 4).

4) On the action of relay valves see' Philips techno Rev.
1, 11, 1936.
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The circuit ~f the saw tooth generator is repre-
sented in 'fig. 8. When the voltage Va' (about 300
volts) is applied, the condenser C is charged. The
charge flows off gradually over the resistance R,
so that the voltage of the anode increases proporrio-
nally to "the time. At a voltage of several tenths of a
volt the relay valve breaks down; the charge of the
condenser then flows via the relay valve to the
condenser F, so' that the anode voltage falls very
rapidly and at the same time the cathode voltage
suddenly rises. The potential difference hetween
cathode and anode quickly becomes zero; at that
instant the' 'discharge is extinguished, and the
process begins again.
. The saw tooth voltage on the condenser C so
obtained is amplified by means of a pentode, which
provides a s~w tooth current which is fed to one
of the deflectt~n coils of the cathode ray tube.

R2

B,

Fig. 9. Synchronieation of the saw tooth generators Bl and
B2 which generate the line and picture saw tooth voltages,
respectively. The synchronization is carried out by means of
voltage impulses on the control grids of the relay valves. These
voltages are derived from the voltage U (output voltage of
the pentode .f...in fig. 7) by means' of the circuits ClRl and
R2C2, respectively.

The sy~~~ronization of the saw tooth voltage
is .obtained ~y increasing the grid voltage of the
relay valve. suddenly at certain moments and in
this way: initiating a breakdown. This takes place
in the rhyt~m of the synchronization signals, and
provision must be made, by the use of 'suitable
switching:ei~ments, that the one sawtooth generator
is synchronized by the line synchronization signals
and the other by the picture synchronization
signals. ':.;

The possibility of separating line and picture
synchronization signals is based upon the fact that
the duration of the latter is 40 times that of the
former (see fig. I). If a condenser and a resistance
are conne~t'ed in series, a voltage which is suddenly
applied-to this circuit and then immediately with-
drawn, will only act on the resistance. If however
the voltagetremains constant for some time, the
condenservhecomes charged over the resistance, so
that finally the whole voltage acts on the condeneer.

In fig. 9 it may be seen how the saw tooth. gene-
rators Bl and B2 for the horizontal and vertical

deflection, respectively, of the electron beam, are
activated by means of the voltage U. The hori-
zontal deflection is synchronized by the voltage

Fig. 10. Variation a) of the output voltage U, b) of the grid
voltage of the valve B, c) of the grid voltage of the valve
B2• At each Iine synchronization signal b exhibits a voltage
peak which ignites the valve Bl' During the picture synchro-
nization signal the number of peaks is twice as great; only
every other peak, however, initiates a breakdown. (At each
breakdown the condenser c in fig. 8 is charged, so that the
voltage of the cathode becomes positive with respect to the
grid. At the following peak this, voltage has not yet fallen
back so far that the valve can break down). Curve c exhibits
only unimportant voltage peaks at the line synchronization
signals; the picture synchronization signal however gives
such an increase in voltage that. the valve breaks down.

peaks which the line synchronisation signals excite
on' the resistance Rl; the vertical deflection is

S I

synchroniz,e,d by the voltag~ caused by the picture
synchronisation signals on the condenser C2•

The variation of the voltages is' indicated by
curves a, band c of fig. 10. Curve a represents the
variation óf the synchronization signal proper,
i.e. the' anode. voltage of the pentode Ps in fig. 7.
Curve b gives the variation of the voltage on the
grid of the relay valve Bl' which is coupled with the
output voltage of the pentode Ps by means of the
elements Cl and RI' It is clear that' a sufficiently
sudden cha;nge of voltage, like the fr~nt of th~ line

Fig. 11. Ca~hode ray tube with magnetic deflection of the
electron beam. k cathode, g control electrode, al' a2 anodes.
Dimensions in mm. . .
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synchronization signal, is passed on practically

SPI

J4151

Fig. 12. Coils for focussing and deflection of the electron beam.
F focussi.ng coil, SPI deflection coil for the line saw tooth
voltage (direction of the magnetic field Hl)' Sp2 deflection
coil fOT the picture saw tooth voltage (direction of field H2).

Fe series of iron rings for reinforcing the field IJ".

unweakened hy the condenser Cl to the grid of the
relay valve. The R-C time of the circuit Cl-RI is
however so short that the voltage falls again prac-
tically to zero within the duration of the synchro-
nization signal; the end of the synchronization
signal then causes a peak in the opposite dircction
(fig. lOb). The positive peaks cause breakdown in the
relay valve, the negative peaks are without signi-
ficance. It may he seen how the synchronization of
the line saw tooth generator is also maintained du-
ring the picture synchronization signal (which
lasts for four line periods); further par ticul ars
are given in the text under the figure.

Curve c shows the variation of the voltage on
the grid of the valve B2' which is controlled by thc
picture synchronization signals. The circuit R2C2,

through which this valve is coupled with the syn-
chronization signals, is connected in a way opposite
to that of the circuit CIRl' so that the voltage of
the condenser instead of that of thc resistance acts
on the grid, and this voltage only increases suf-
ficiently to cause breakdown in thc relay valve
at a given moment after the longer duration of thc
picture synchronization signals.

a b c
Fig. 13.Various television receivers. a Console model with built-in radio receivers; b console
model for television alone; c table model.
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The cathode ray tube
After having discussed m the foregoing the

formation of the picture voltages and the saw tooth
currents, we shall now study how a picture is
formed on the screen of the cathode ray tube
(fig. 11) by means of these voltages and currents.
The electrons which leave the cathode are acceler-
ated by the anodes al and a2. The control electrode
g receives the picture voltages and regulates the
intensity of the electron beam and thus the bright-

electron beam in the direction of the lines scanned.
This coil, which causes a magnetic field in the direc-
tion of the arrow HI' has a somewhat distorted form
due to the fact that two originally flat coils were
bent as closely as possible around the neck of the
cathode ray tube. This has been done in order to
make the field inside the neck as 'strong as possible
by shortening the lines of force. It is desirable
to keep the length of the cathode ray tube small,
since this determines the dimensions of the appa-

Fig. 14,.The two chassis of a television receiver (console model). To the left may be seen
the screen of the cathode ray tube, next to it a chassis with the power pack and the saw
tooth generators and next to that - mounted in a vertical plane - a chassis with the
amplifier stages for picture and sound signals. Below this chassis there is a system of coils
for the focussing and deflection of the electron beam.

ness of the fluorescence spot moving across the
screen. Furthermore the electron beam must be
focussed and deflected in two perpendicular di-
rections proportionally to the currents from the
saw tooth generators: This is done magnetically
hy a system of coils shown in fig. 12. The coil F
causes a field in the direction of the axis of the
tuhe. This field is adjusted to a constant intensity
and serves to focus the electron heam.
The coils Sp! and SP2 cause magnetic fields which

are mutually perpendicular and also perpendicular
to the axis of the tuhe. The coil SPI deflects the

ratus, and to make the area of the screen as large
as possihle. As may he seen from the figure the
diameter of the screen is almost two thirds of the
total length of the cathode ray tuhe. In the tuhe
represented the picture on the screen is 17.5 cm
wide and 15 cm high. Television receivers are also
made with a somewhat larger cathode ray tube giving
a picture 25 cm wide and 20 cm high. The attain-
ment of such large screens with relatively short
cathode ray tubes has only heen made possihle by
changing over from electrostatic to magnetic
deflection, and this advance has contributed very

349
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much to the decrease in the size of television re-
ceivers.

The complete apparatus

The parts are assembled in two chassis, one of
which contains the power pack and. the saw tooth
generators and the other the amplifying stages for
picture, sound and synchronization signals. As to
the position of the two chassis in the apparatus,
there are various types. In the table model, shown
in fig~ 13e, the two chassis are side by side. The
loud speaker is mounted above the p!lwer pack,

the cathode ray tube above the amplifier. in
the different cabinet' models the amplifier chassis 'is
assembled in a ~ertical plane (fig. 14). The two
chassis are at the hottorn of the cabinet, above
the power pack is the loud speaker and at the top
the cathode ray tube. The result is a cabi~et 80
cm high, which is' shown in fig. 13b next to the
table model. In addition to these two models
there are a number of larger models (fig. 13a,
for example) in which, in addition to a television
transmitter, any desired broadcasting station can
he received.

Compiled by G. HELLER.

J,'HEDRY SHAVING A~PARATUS "PHILISHAVE"

by A. HOROWITZ, A. van DAM and W. H. van del' MEI. 672:715 : 621.312

Dry shaving with an electrical shaving apparatus offers the advantage over shaving with
soap and razor that the skin is less damaged and cuts are impossible. In this article the
action and construction of the dry shaving apparatus "PhiliShave" 4ev~lopcd by Philips
are discussed.'

Introduction·

Dry shavers are so called because the hairs of
the beard are cut off mechanically without any
previous treatment with soap or cream. Although
the idea is an old one (one such apparatus was
proposed 'in the previous century), it has only
recentlyheen possible to find a satisfactory method
of construction. \.

In designing a dry shaver the obvious starting
point ~\'as the hair clipper used by hair dressers.
The cutting element of this apparatus consists
of two steel combs with perfectly plane surfaces
lying together (see fig.1). The upper comb- is
moved back and forth over the lower one and the

1 I I
Fig. 1. Sketch showing the', principle of a hair clipper. The .
hairs are cut off by means of two combs sliding over each
other,

hairs are caught and cut off between the teeth
of the two combs as they slide over each other,
If this principle is applied in the correct way to

the problem of shaving the beard, then in addition
to the convenience of dry shaving, is the advantage
that the skin is much less damaged. In connection
with this latter 'point it is important to know
something about hair growth. The hairs grow from
pores. These pores may in general be of two types.

3'4152

Fig. 2. The skin on one side of a hair often forms an elevation,
as shown in the figure. The dotted line shows how the skin
is damaged when such a hair' is cut by an ordinary razor.

In one case the pore is a craterlike depression
surrounded by fairly smooth skin, while in the
other case there is a tiny elevation of the skin
at one side of each. hair (see fig. 2). Both forms
occur simultaneously in most cases. In shaving
with a razor the cutting edge passes directly over
the skin and these tiny elevations are partially
cut off with the result that numerous tiny wounds


