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1- Guide pin

2- Connection pins

3- Cathode

4- Heater filament
5-Anode

6- Fluorescent screen

7- Lower deflection plate

8- Upper deflection plate



(4) a4
(55 Sl Culagi¥) ) A guda g Hge) AQlal) aladiiualy el gl S
.+ dg

‘;‘1}..'4:&\.’;5\daé,\(eﬁ.muﬁlbdl)'l\JL)LA}SJLAGLMQAQU})SS]Y\&L@\@AQ
C(We ) W e 8alall (e (5 ATV Al A 5O ABLl) (e S daBld) g5 )

ay (hv) Ossil Al G G ) A gl 4 a3y 3l Baiall il 5 <1V
C(we ) Jxid)

1/2mv2=hv_Wo ........................ (1)

O AW A ju =y

=05 ¢ Bl (pe g Kl Camat ana pedas Jad Ala (e S A%l () 6568 da gi die
@%}ﬁ\cﬁubgﬁu\ b..l% ‘sAu.jjcd\:\:i}m})@Sj\ Q\JJJKSIYLJ&M}J.\SN\ b..l%
LAY Al gt S 1

hv+M - MT +e
- O G
Ol a5 F Bl gl = Lallull () 58 648l A8Ua = py
Csaldl=
Lo ASYIAS -

(wo ) Jaill dly Jde claiil salall @) 53 & iy IV ) asd ) 63 6dl) 48l o)
‘51& )@.k.l”aﬁuaj\u.euﬁ.uuj(DJLAML)AUJ‘)KSXY\)JJAJ&AJYMLE&\JKAJ@MJ)
) Al o (5 S0 A o 2L K2



1/2mv? =hv —Wo  ovveeeeeece, (1)
3oA0 S Ly, 48l = W

St deadl (5 AV Aalhaiad) s o S A Al AUl iy pad oS

e g (Vo) Agtiall 23 5§ A iDL Culi e Juals (g glad (o ) Jail) Al A )
S ol deani (3) Al b el 03gy (ymysal

soadall s SV Caaliat Al Al gl dudad d83e ellla ()L Ul i 53 (6) Aalaall
baic g (V) afs (v ) el Gm by Les ) au i Lgha g Jalull () 53 68l 23 5 G
Leda i) ) e adaity (A asiiasall Jadd) e (e (h ) SliDh Cald Gl skl

C AUl JSAI Gase LS Aiall 2055y ey 315 (1) o_ylake

- Sl Al Jgaa

Am V volt ev —
-2

UJ‘)E‘)“:\_\M=E c.}o.aj\a.c‘).u::c



-1 Jeall 43y )b

B8l e (e Al gy axdiuadll (S gudall jaadll jea -1

Ll 53 53 sal) Anil) el 5 o sal) J gl Jans s o pual) aall ol eyl it 22
dala e afiall )5l Bariay lla g LIBMA (40 ¢ pudall ) 5 s el S uall jauadll
L el

) (e s ) adall g yiSIV) 4 68 dad Jas -3

Al g yiedl bl Jlea jpial Jsla s 400 )5l Jaracay @lld g dadll Y 3le) -4
4l &) e 8 (discharge ) 4kl e laxally

el g8l bt anii V) e ALl il shaall usi ae s JAL el GYI Ja) -5
e JST clalasti) amy

(e*v) st Sl Al JSI il g SIS jal) d8Ual) sl -6

A (e 0 Cull ol L (0= 2 ) 23 s R G Ay B ) -7
. daall

el Al g (vo) Agiall 23 5 Aad sl -8

Ao lail) Al ae & jlaally Uadll dui a9

- ALl Al

¢ lie Lt Sy Ja 5 € 4 yadll 8 sl jall s2ile L -1
Jall) Ay ad ye Jac A3 gua g ye S LA e dadlll) ¢ gl 80l <l 3131 -2
?\Ju;?dﬂm&gh‘}w\ﬁd)ﬂj



(5) ad, 4 s
(% ) O A Lo o) D) (il () gaa gf A4,
Thomson method
Theory: 4 il 45 ki

AL g Addadi Cp Apeadl) b Lgd a3 AN 44 525 ().).Thomson) Cismasi .. o> alladl 5 )
padic) By, 1897 ale | A B g mals & (GBS ik B A adll ol cypal gl
Ca A8 e 403 (e Al o2 (8 aadieaall Jlgad) sSig (1) JSAY A agall gl G gma sl
O Aniall cilip SN ot oy s | 26089 2680 (e (98T Ayig sl ABIB o g giadg 5 ggd)
Ny ddwa Jas Jard 4 daid o ggiag M) 2 o Jaben G e g Aol gy 3 5K
Al 21 (e Z0 A (e pal (S Al daja JSA L 2] dath (e clig AN g AT
duciia (s olal) 7 oll) 138 Lajall G a o Jary (AL gS Sl oS Cun sl G Vg Juladi ie
oV dajall dialig AW ) deal) diadi Gllad) qlallly Juaia i) 7 glll g gal) culally

b g slall 7 sl g i ga (Abaad) 7 gl (S Al B JAuY)
A slad) o Lages Liwhlithe Y Ag 4LV goa Jilggals clile (e o) 2
clile CAlA da e B e Gask (8 dajad) jhad Gl Uoila ) jleee dajad) dllad Maie il g sty




Fig. 1 Thomson Tube
g5y 35 pla (1072) s o p gl Sty B slen Lala Lusal 00 Bke (b () Al
Oty o g8 18 (e (3) JA) clip A Gy oSy Ciadd) gl glly clig Asdl ey o
Ol A58l g 3 s Jabial) dgall Ao gy cilig SV 038 Jaadig il g bSIY) Cuay gy gl
il g AN (e 330 alabial G g gl gl o Whashu dis el g ) & 5 ¢ g A daja
Aoy La g0 198 (Grid) A4 g o)y . Al o gl Sy o ey g S asaled) 1)
5ol g Ai g iV dajad) jlasa wand Alasy asli Al A9 2 Al Lllu g 2 65LS) o
e

do yuly & Al AN (q) Daddy Lgadiall clapall Jo dabuial) (F,,) dpeudiliaal) 5 g8l Jons
AUy ABMall WBd g pudaline Jlaa (b LaS

Fru=qV XB oo (1)

o (B Ayig S dajal) il Laly, qipa Jals Axia g ((X) 9 Slgaie A (FB V) s
Al dapally (1) ad ) Uslaall LS Sale ) (Say Adld uwhalinall Jlaall o 433 gas 4y sl

Fo=evB ......c.cc. e e eee .. (2)
QoA diadi A (e) Cua
i Algiadl (F,) 4 s al) 368l dad b 1A (g il Jlasa (B cilig <Y o ol 4l oda B
ALl Al

Fo=— e e e (3)

AN Jlaal) ylad Cial (r)\gwﬂ}ﬂﬂé@(m)@;
et (F,y, ) rlalinall Jlaall e 34l giall 5 g8l Al & clig S o 8 figall 5 681 ¢
F, = F

O 2 (3)9(2) cuilataally (a gaillyg (5 sila Jlasa B i g ASI) AS At 031 il i ey 138 g

e
m B,



bl Jaall Aady Gu AN A (A (V) Aad o dant O) o (D) ad ol
draadl) g oS Laly | &g AV dajal) sl jhd Chial dllisy 3l ggal g ke (e AgalIB |
Ligpaa Lgiiad jlale g glud cilig S Wale Juand Al 48 al) 4BUal) olb (V) cligasty)

PO Y Janal) agally

eV, = 1/2 mv?.. ..........(5)

ril g SN de (985 iy

.. (6)

o s Mg edaliiall g IS Cpllaall Jaay oy adfioes Jady il g SN & a0 S0
Aalaally gl oSay ANy cligAsh) o o figall dpughilinally 4l sl gl (g gt
=41

eE = evB

E

p A0l Adaleal) cpa (Al S Jlaal) 308 Gl Sy
E=—L i e (8)

(e 8) ssba s Lag Abluall Jidi (d) 5 1AM (Angiea 4l g Jiad (V) O Eua

p 4l Adaleal) cpe dlua Sasd il ggald Cila (e iUl B (orunhilinal) Gadl) ABUS ¢
3

_ (B2 My g m1
B= (5) 2 I=KI=4234" 1o (9)
68 mm Jilsgalsp cile jhb Cial 2 (R)

.y = N =« - g
The permeability constant = 4m X 10 7? Aalewd) @l ()

(320 Windings) Jils¢alsp cila cldl a3 (n)

Jilggalga cila A Ll dad ga (1)



4 ol Caliaall 4 gall Jsh qilua (g @liS g (7) Dalaal) (e (V) g 58N Ao pu cibaay g
D baSy (A o0 ABle aladiuly iy sl

h
1 s Jaai(6) Adalaall & (7) Arlaeal) g2y g
E [2eV,
e E?

W aia Allg (=) A Glua o Gy L2l (s Weuld ey (B, B, V) @bash ) L
(1.75881962 x 10115)

Apparatus: Aaddiioall 5 gy

poalgl) Ui B slan dusid) g () A -1

Alsgalsp clila -2

8ok da gl -3

s i B8 g -4

Fuailgdll g yima) -5

Procedure :Jesd) 43 )k

(2) S A Las jiaail gill g yisa¥) g 5kl & jgaa a ) -1

[Vi < 7.5] (V) Aladl) 45l gh ass 22

[ 2KV — 5 KV](V,) 26 4dlgh aaa -3

dalgil dad to) Jiai dal) 028 (N (300 V) (e JBL (Vp) Ciai) Uagiia 41 g a3a -4
. Ciasiual)



IR Cell) (e sgda A g SN Aajadl 5 5 Aa g Ay s (38 Bas T -5
Crmdlall Lalali 431 g0 4 jad) ()l aSU g cpailal) B Jlaall Adandd g9 i jadi g

(8) Maleall (s (E) (el Jlaall 308 Gl -6
(9) Mzl (1o (B) (smarhabinall Jlaal) 30 quial -7
(10) Adtaal) aladicdy 4a gall J b a2, (7) Aalaal) aladiialy il g 5 de yu Guua) -8
(12) Aslaall o () Apuadl) s -9
m
. A gial) Wadl) dud cun) =10
Questions 4l

?Ojjmy\agﬁgésJﬁgdida\gd\ KK 1 /™

043 gl Al alay LGS Cpa il g ASIY) Cand (S 12/

Ao Lala sl sV JaNa i o) Aaiiens 4aja JS4 o 3 ¢S (e il g STV Gangd 13w
?QUJJ&Y\JM@M\&J,}SJ?\SM Bl I8

¢ dounlalina @J&U@Qﬁ&*ﬂ@.ﬁdﬂjﬁedﬁm\ el 14/

4000 gt g Aplalinall (5 g8 iU aie i g SN A4S Al ilalaa GiS) 15/



D POWER SUPPLY 0. 5BV

e
[oF o .L“‘.
EELLELEY

w

Fig. 2 Magnetic deflection

A D¢ POwNR mrva 4 deh ¥
i ’-..» r i :- . A B » i %
o= | ex o= .-
o .y o ouy
==t AR s 2
Paty e famyi Mo Satvia fatavian . -t

. - _‘Q

;U.TT ee oo ool

@
B
=,

&

Fig. 3 Electric deflection



DC POWER SUPPLY 0. 544

s

L TIEEY

® A 9,

]

23289

e
Fig. 4 Determining g by means of field compensation



(6) ad, 4l
Maltese cross

Abstract

The Maltese cross tube comprises an anode and a metal cross mounted within
an evacuated glass tube with a luminescent screen. The anode can emit
electrons in to the tube, and the metal cross is able to block some of the
electrons depending on the potential voltage deference. The electrons can be
detected by making the screen fluoresce. In this demonstration, observation
and investigation of the deflection and distortion of the electron shadow are
made.

Picture

Figure 1: Maltese Cross Tube. Figure 2: Deflected Electron Shadow.

Equipment

1- Maltese cross tube 2- Electron tube stand
3- Neva Mains Rectifier 4- Banana plug patch cords

5- 2 Cenco high potential power supplies 6- Bar magnet



Procedure

Hook the filament up to 6.3 VAC on the Neva Mains Rectifier. Connect the
negative terminal of one of the Cenco high potential power supplies to the
filament. The positive terminal is connected to both the Maltese cross and the
anode. Turn of the Neva Mains Reciter, and observe the sharp shadow of the
cross on the luminescent

Screen. Turn on the high potential power supply to 2000-5000 V, and observe
the changes of the shadow. Bring a bar magnet close to the tube and observe
the deflection of the shadow.

Turn off all the power supplies. Disconnect the anode with the positive terminal
of the first high potential

Power supply. Connect the negative terminal of the second high potential
power supply to the filament, and the positive terminal to the anode. Turn on
all the power supplies. Adjust the first high potential power supply to observe
the change in image size when the second high potential power supply is fixed.
Adjust the second power supply, and keep the first one unchanged, to observe
the change in intensity of luminescence. Notice whenever the voltage of the
two power supplies are the same, a sharp shadow of the cross appears.

Theory

The filament is heated by applying a voltage across it. The increased random
heat motion of the filament atoms knocks electrons out of the atoms at the
surface of the filament, into the evacuated space of the tube.
Since the filament is negatively charged and the anode is highly positively
charged, the emitted electrons accelerate towards the anode.

Since the initial speed of the electron emitted from the cathode is very small
compared to its final speed, we assume the initial speed is zero. Then according
to the energy conservation,

eV = 1/2 11\ &



The kinetic energy of the electron gained between the cathode and the anode
depends only on the potential difference applied on the anode, . In equation 1,

e is the electron charge, V is the potential difference between the anode and
cathode, m is the mass of the electron, and v is the final speed of the electron. By
isolating v from equation 1, the final speed can be written as

V=V = [— i e e e (2)

In this case electrons are accelerated horizontally from the cathode to anode, so
the velocity gained only has a x- component, v, . From there, the electrons
travel with constant horizontal velocity from the anode to the

Fluorescent screen or the blocking cross.

It is known that light travels in straight lines, so a sharp shadow of the cross can
be formed on the screen when light shines on the cross. Meanwhile, the
electron/cathode rays are propagated linearly and produce shadows in exactly
the same manner as visible light. The Maltese cross blocks part of the electron
rays emitted from the cathode, and allows the rest of the electrons to reach the
screen. When the electrons reach the screen, they excite the atoms of the
screen and cause it to emit light. This phenomenon is called fluorescence. An
equally sharp and exactly overlapping shadow of the cross should be formed by
the electrons. Additionally, a magnetic field exerts a force on any moving
electron in the field. So the path way travelled by the electron rays can be
deflection by an external magnetic field. As shown in figure 2, the magnetic
force on the electron can be written as

F=qVXB .. (3)

Where q the charge of the electron is, v is the electrons velocity, and B is the
magnetic field. Note that the acceleration caused by the magnetic force is
always perpendicular to the velocity of the electron. This means that the path of
the electron will be bent towards the direction of the force. Moreover, the
direction of the electron rays defection is in the same direction as the



aberration of the shadow. Based on equation 3,if either the velocity of the
electrons or the external magnetic field increases, the force acting on the
electrons will also increase. This causes a greater defection of the shadow.

In the late 19th century, Eugen Goldstein (1850-1930) and Heinrich Hertz (1857-
1894) stated that most features of electron rays are very similar to
electromagnetic waves, except that electromagnetic waves don’t under go
aberrations in a magnetic field as electron rays do. So if the anode voltage is
turned off, and only electromagnetic waves are allowed to shine in the tube, no
defection of the light shadow should occur. The difference in the potential
voltage of the two power supplies can cause a distortion in the shadow.

When the anode and cross have the same potential, all the electrons that reach
the cross can be collected. This means

The electron shadow will match the light shadow. If the potential of the cross is
lower than the anode, the shadow is magnified. This is because the cross can
only collect a small portion of the electrons that reach its surface. The extra
negative charge accumulates on the surface until electrostatic equilibrium is
reached between the anode and the cross. After this point the cross opposes
the collection of any more charge, causing the electrons to be defected
outwards. If the potential of the cross is higher than the anode, it shirks the
anode for similar reasons. The cross can collect more electrons so the electron
rays bend inwards causing the shadow to be smaller.
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Color Wave length (nm)
Red 667.8
Yellow 587.6
Green 501.9
Green blue 492.2
Bluish Green 471.3
Blue 447.1
violet 407.8
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