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2TNV EPYUGTNPLUKN AUTN AGKN O TOPOLGIALETOL 1] EXLOPAGCT] EVOC
OLLOYEVOVLC LOYVTTIKOV TEOTIOV GE OEGUN NAEKTPOVIOV GUYKEKPIUEVTG
EVEPYELNG.

H ocoun tov nAeKTpoviemv ONUIOVPYEL EVOL GYETIKA AETTO AAAN
EVOLOKPITO 1YVOC, KUKAIKOV GYTNUOTOC GTO ECMTEPIKO LOG AVYVidC.

Me tnv HETpnon e OKTIVOC TG KUKAKNG TPOYLAC TPOGOLopiLETO TO
£101K0 PopTio (€ / m) Tov NAEKTPOVIOL KOl GUYKPIVETOL UE TNV
avtiotoym Oewpntikn tiun 1.76 x 10+ C / Kg
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F = e vxB=euBsin6
0=90° sin90=1

2. Oempia
HAextpdvio palag m kot optiov € KIVElToL Ue TaYDTNTO U LECO GE OUOYEVEC LOYVNTIKO TEOLO

B mov £yetl o1evBuvon kabetn oty oevbuvvon e kivnonc.

To nAextpdvio d€xeTAL OVVAUN OO TO LOYVITIKO TTEOLO TO UETPO TNG OToiag Eivat 160 UE :
F,=eBv
H dOvoun avtn e€ovaykalel to nAekTpdvio o€ KUKAIKT Kivnon oaktivag R €161 ote va 1oyveL
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2. Oempia

e/m=v/BR

Topa, €dv n taydmTo L €VOl TO OTOTEAEGHO TNG EMIOPACNS €VOC EMTAYVVIIKOD MAE-
KTPOGTATIKOV TEOTOV O1pOpdc dvvautkov V 10t 16YVEL -

mv2/2=eV=> v?=2eV/m=(e/m)2B2R2=> e/m=2V/(BR)*

-

o
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Magnetic Field Strenght B/Bg

H taon V emAéyeton amd TOV TEPAUATIOT] 0TS
GALMOCTE KOl TO OUOYEVEC HOYyVNTIKO meolo B
(L€cm tov pevuatog I mwov owappéel to Cevydpt
tov tnviov Helmholtz).

Me oOedopéva 100 V' won I edv petpndet
wepauotikd 1 aktivae R vmoAoyiletar 1o €101Ko
@OpTio TOV NAEKTPOViIOL €/ M.
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https://cnx.org/contents/UBPo-xuY@13.12:d ghSIZu@9/Motion-of-a-charged-particle-in-magnetic-field
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2. Oempia

Slice: Magnetic flux density norm (T) Arrow Volume: Magnetic field Surface: 1 (1)

x107®

https://www.comsol.com/blogs/simulating-helmholtz-coils-

comsol-multiphysics/
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https://www.3ds.com/products-
services/simulia/resources/helmholtz-coil 6

https://www.comsol.com/blogs/simulating-helmholtz-coils-comsol-multiphysics/
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3. IHepopatikn owuoKaola

H oceaipikn, yoaivn Avyvia mepiéyet aépto nAto (He) vrd micon 10 > mm othing vopopydpov
(Hg) evd otnv Pdon g o100€Tel LIKPOSKOTIKO «NAEKTPOVIKO TUPOPOLO» OV BEpuotvOuEVO
EKTEUTEL NAEKTPOVIAL.

H o0éoun niexktpoviov onuovpyel Eva opatd, €LOLEKPLTO 1YVOC GTO EC0MTEPIKO TNG AvYVIOC
O10TL KAmOwo, amd OvuTd CLYKPOLOVTOL Kol OLEYEIPOLY TO ATOUO TOL MAIOL TO OmOlN
QTTOOLEYEIPOVTOUL EKTEUTOVTOC 0PATH AKTIVOPOAD YOAALIOGS OOy pPmOTG.

APAKAKH EAEH
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To mAektpovikd muPoPOr0 TAPOVGIACETOL GYNUATIKA GTNV

Maxi CLVEYXELOL.
T eA2 Y00 Lotiasn |

3. Iewpopotikn o100KaGlo,

To viijua Bépuavonc Bepuaivel v KdOB0d0 N omoia EKTEUTEL

£T01 UEYAAO aplOUO NAEKTPOVIMV.

e , Ta nAektpovia ovTd EMTAYOVOVTOL GTO TAEKTPOGTOATIKO
Gepuamvipievo

Vo g ' i ( = Suvapkod Hetafh avodov kot kafadov.

! To mA&yua yapoaktnpiletor amd OETIKO OLVOUIKO GE GYECT UE
TNV KAB000 Kol apvnTIKO OLVOULKO GE GYECT UE TNV AVOOO.

Kafiodog bziruy : O pOAOG TOL TAEYLOTOS lval ylo TNV KoAALTEPN €oTiocm NG
" Séoung Tov niektpoviov.

P.A.KARKANTZAKOS
https://www.slideshare.net/pkarkantz/ss-3940168
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3. Iewpopotikn ovaoIKaclio,
H yeouetpio tov mviov Helmholtz sivar tétoia mwote 1 axtiva tov kdbe mmviov va eivon
akpPag ion pe v uetaL Tove amoctact. H owdtaln avty onuiovpyel Eva oyeddv oloYEVEG
LLOLYVITIKO TTEOI0 GTO KATAKOPLPO EMIMTENO TNC KIvNoNg TOV NAEKTPOVIMV.

To mvioe Helmholtz éyovv ev mpokenéve axtive R= 14,9 cm, avty dAlmote sivor kou M
amootacn HeTacy tovg. Kdabe mmvio owbéter N=124 omeipec and UETOAAIKO GOPUO TTOV
olappéetan anmd pevua otabepnc eopdc, evtdoewc |. To opoyevég HayvnTikO mEOI0 TOL
ONULOVPYEITOL GTO UECOV TNG OWATOENG TV ANVIOV €lval avAAOYO TOL pauuarog | mov ta
OLOPPEEL KOl LAALGTO, OTVETUL, GTNV CUYKEKPIUEVT] OLATAET, OO TNV Gxecm

overall
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Magnetic Field Strenght B/Bg

B= - 5 1N > B (oe Tesla) = 7.48 x 10° | (oe A)
V125 - R

[w¢ Bynke auTOC O TUITOC TOU UayvnTikou rtedlou????

https://wwwy.didaktik.physik.uni-
muenchen.de/elektronenbahnen/en/b-feld/B-
Feld/Helmholtzspulenpaar.php
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EAPAKAKH 29/10/2020 n, -1 ‘dS X l"‘ n -I ds
dB="—2>2—. -2

A7 r At z° +a’

Kvxkog aywyog axtivag o, Tov dappetat pe peopa I
ds otolyEmdEeg TUNUO AY®YOL, Z OTMOGTOCT Omd

3. Iewpopotikn ovaoIKaclio,

Amo VOUO TOV Biot-Savart KETVPOL TOL KVKAOL
- o - 1 R? —
B(x) = 5 T €q
(R* + z°)?
To payvnmkd medio ot0 KEVIpO 00O TNViV R R R
Helmholtz pe v vaépbeon &0 wvkhxov B = B (?) + B (—?) =2-B (3)

pevuatov. o Adyovg cvpuetpiog yivetal:

I-R? 8.1
B =po- 3 - B =po —— (1 omepag)
RE)? V125 - R

(R2_|__
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3. Iewpopotikn ovaoIKaclio,

H ocopaipikn yodivn Avyvia tomoBeteital katakOpvpa e 0phoymvio, HETAAMKO KIPDOTIO
ovvdeaoA0Yiag oto omoio otnpilovtor oM kot to nvie Helmholtz. To kifdtio avtd £xet
KOU TG KOTAAANAEC, OMNUEIMUEVEC LTOOOYEC Y10, TNV OTOULTOVUEVI] GUVOEGUOAOYIO TNG
TEPAUATIKNG OLATAENG.

Helmholtz Coils

/ GlasTube -

|
|

\ —_

\ Electron Gun

i

+
vh Va 11

https://www.didaktik.physik.uni-muenchen.de/elektronenbahnen/en/b-feld/B-Feld/Versuchsaufbau.php



https://www.didaktik.physik.uni-muenchen.de/elektronenbahnen/en/b-feld/B-Feld/Versuchsaufbau.php
http://berkeleyphysicsdemos.net/node/471
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3. Iewpopotikn ovaoIKaclio,

Glas Tube Helmholtz Coils

Electron Beam

Power Supply for Power Supply for
Electron Gun Helmholtz Coils

https://www.didaktik.physik.uni-muenchen.de/elektronenbahnen/en/b-feld/B-Feld/Versuchsaufbau.php
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3. Iewpopotikng oL0oIKaGlo,

Me okomd TV Peitioon tov cuvOnKoV Tapatpnons n OAN OdTaln e Avyviag KOAVTTETOL
amd  aOlPOVEC, GKOVPO VQOGLO Kot €Tl Ol UETPNGEIC TOL 1Yvovg NG OKTIVAC TOV
NAEKTPOVIOV UTOpel Vo Tpoyuatomonfodv Kol GE€ EPYOUSTNPLOKEC CLVONKEC HE QPMOTEVO
OYETIKA TEPIPAAAOV.

To kOKA®UO TOL TEPAUOTOC OTOTEAEITAL OO OVO KLPIWC UEPT MOV GLVOLALOVTIOL UE TO
TpoavoPepBEY KIPOTIO TNG GLVOEGLOAOYIOG. XTO GYNUO TTOL OKOAOVOElL TapovclAleTon M
TANPNG TEWPAUATIKT O1ATAE UE TNV CPOIPIKT] AvyVvia, TO OLO TPOPOOOTIKA KOl TO YNOLUKO
TOAVUETPO.
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Aplotepd elvor To TpoPodoTikd Tov mnviov Helmholtz, n
tdon petofarietal amd 5 €mc 9 Volts evdd n avtictoyn
uetafoin oto pevuo tov mnviov eivor amod 1.0 Emc (1o
molv) 2.0 A. Ae&ld tnc Avyviog Ppioketal TO TPOPOOOTIKO
OV ECLTNPETEL TAVTOYPOVO OVO OTTULTI|GELS.

H o eivor va tpo@oootel pe tnv otabepn tlon
O¢puavonc tov 6.5 V 10 vijua ™c kabooov v 1 GAAN
elval Vo ONUIOVPYEL KOTAAANAD TO ETITAYVVIIKO OVVOUIKO
ue TéG g taong amd 100 Emc kon 250 Volts.

To yneuoukd mOAVUETPO TOL TAPOVGIALETOL GTO EMAVE®
HEPOC TOL Ol  TPOMOOOTIKOV  OCLOTOLEITOL GOV
BoAtopeTpo kol apov cuvoedel KaTtdAANAN Le 10 KIPOTIO
TNG GLUVOEGUOAOYIOG KATAUETPd KADE Popd TNV TAGT TOL
eQAPUOCETAL YOl TNV EMTAYLVOT TOV NAEKTPOVIOV.
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3. Ielpopotikn o100IKaGlio,

Etvat mpopavég 0Tl 1 axtiva TG KUKAKNG TPOYLAS TOV
niektpoviov eivar avéroyn tov V Y2 xor avtiotpdeac
avaloyn tov pevpartog | tov anviov Helmholtz.

AvtO onuoivel OTL, Y0 HUIKPOA PEVROTO TNVIOV 1)
OVTIOTOLYO. Y0 MEYAAES TIUES TOV ETITOUYVVTLKOV
ovvauKoy V 1 okTive €ivol 10WITEPO MEYAAN ME
OTOTEALEGNO, 1] OLAOTACT] TNS COUIPLKNS AvYVioS Vo
UMV ETAPKEL Y10 TNV OVAOEIEN €VOS TAN P KUKAOV.

Amotélecpo  eivar to MAEKTPOVIOL TNG OECUNC v
TPOCTITTOVY OTO ECMOTEPIKO TOUYOUO TOV GOULPIKOV
YLAAMVOVL TEPIPANLATOC.

16
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3. IHeipopotikn o100IKaGlo,

2TIC €IKOVEC TOL 0KOAoVOOVV moapatnpEl
KOVEIC TG Ol KULKMKEC TPOYLEC TV
NAEKTPOVIOV UETAPAALOVTOL OLOOOYIKA LLE
TNV OTOOLOKT] EAATTMON TNC OKTIVAC TNC
KUKAIKNG TPOYLAGC.

H petafoAny ovty mponAbe amd 1tnv
KOTOAANAN  avEnoen ™S EvTaonS Tov
LOYVIITIKOV TTEOLOV EVM TO EMLTUYVVTIKO
OVVOULKO TOPUUEVEL 6TUOEPO.

17
APAKAKH EAENH
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https://www.saburchill.com/physics/chapters/0055.html

https://www.youtube.com/watch?v=PpOAlj7sOEc

u,, q
https://physics.stackexchange.com/questions/491287/motion-of-a- https://www.askamathematician.com/2011/10/g-what-is-spin-in-particle-

charged-particle-in-a-constant-and-uniform-magnetic-field physics-why-is-it-different-from-just-ordinary-rotation/comment-p8ge-1/



https://www.youtube.com/watch?v=PpOAlj7sOEc
https://www.askamathematician.com/2011/10/q-what-is-spin-in-particle-physics-why-is-it-different-from-just-ordinary-rotation/comment-page-1/
https://www.saburchill.com/physics/chapters/0055.html
https://physics.stackexchange.com/questions/491287/motion-of-a-charged-particle-in-a-constant-and-uniform-magnetic-field
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https://www.didaktik.physik.uni-muenchen.de/elektronenbahnen/en/b-feld/B-Feld/Helmholtzspulenpaar.php

8-1-N -

B = i — —_ i , ?i — ; : — ~ ) —4
o /1% R I = coil current, o = 4 - 10 AE,N 124 windings, H=149cm |B~7,48-10

1

T
A

G Google Amotehéc. X | & magnetic field bet X M Magnetic field of © X oPhysics x | M The specific charg: X | m Mation of a Charo X | m Yahoo x | + - x
<« C {} @& didaktik.physik.uni-muenchen.de/elektronenbahnen/en/b-feld/B-Feld/Helmholtzspulenpaar.php o ¥r Qn B 2 e * 3 8 :
B-Field
Helmholtz Coils e .
Magnetic field of two Helmholtz coils:
Experimental Setup To setup a Helmholtz coil two similar coils with radius R are placed in the same distance R.
] When the coils are so connected that the current through the coils flows in the same direction, &
Experiment the Helmholtz coils produce a region with a nearly uniform magnetic field. @
£
Hypotheses The magnetic field at center of the coils with N wire windings is proportional to current through | E
colls: r n
Check Hypotheses B r
8-I-N & AUTEG TIC
Farces =My —— 2
Vi25-R g MAnpodopLeG
La borator}f T = coil current, pig = vacuum permeability, N = windings, R = radius and distance of coils = Tl,q eEAOU HE
Evaluation The magnetic field of the Helmholtz coil used on the next pages, depending on the coil current ™ yLa to
I is:
nelpopalll
T
—4
B~ 7,48-10 n - I
I = coil current, pg = 47 - 10 7%. N = 124 windings, B = 149 cm
ﬁ Show Derivation
© (for interested students) next
0
o This derivation is beyond school level!
& This equation is indicated by Biot-Savart law. For the magnetic field in horizontal direction and a coil with only one winding applies
- po - 1 R .
B(a) = £~ - &
R? 4 z2)* <

= - 8:54
4w d)) Jb ENG a2t =]
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G Google Anotedéa; X ‘ G magnetic field bet X

< c 0

Experimental setu. X oPhysics X | M The specific charg: X ’ m Motion of a Charc X ’ Yahoo

@ didaktik.physik.uni-muenchen.de/elektronenbahnen/en/b-feld/B-Feld/Versuchsaufbau.php

B-Field

x’+ = X

o w) GQEREE

Helmholtz Coils

How does electrons move in magnetic fields?

To investigate this question, the following experimental setup can be used:
A electron gun produces an electron beam. This beam is perpendicular to the b-field of the Helmholtz coils.

Experimental Setup

Neongas makes the trajectory of

Experiment the electrons visible.

Hypotheses

7 ; iy Helmholtz Coils
Check Hypotheses Glas Tube Helmholtz Coils
Forces ) <
Electron Gun N 4 T\b

Lab t g 4 B K gy as lube

s B Electron Beam

Evaluation gh Lo

Electron Gun

Power Supply for
Electron Gun

Feedback

next
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G Google Antotedéc

< Cc

n B-Field

Helmholtz Coils

Experimental Setup

Experiment

Hypotheses

Check Hypotheses

Forces

Laboratory

Evaluation

Feedback

https://www.didaktik.physik.uni-muenchen.de/elektronenbahnen/en/b-feld/B-Feld/experiment.php

X G magnetic field be

Task:

X Experiment abol

0O @ didaktik.physik.uni-muenchen.de/elektronenbahnen/en/b-feld/B-Feld/experiment.php

X

oPhysics

X The specific char,

x | [ Motion of a Charo X

Yahoo

O v GHEBEG €S

x| +

Charge-Mass Ratio

Applications

Practice

Experiment with acceleration voltage and coil current and observe the effects on the electron path.

controls:
acceleration voltage V;

current / through coils

schematic diagram:

show fade

100V

Tuvsicag A 33z tE ) cp, ENG

I=0A apot 6EV EXOUE aKOMN poyvntiko tedlo!!!

EEIT Experimental Setup
17/5/2020

= 5‘ e MetafaAete TO OUVORLKO ETLTOXUVONG ULE
otaOepo pevpa (2A) Kol TOPATNPELOTE TO
dowvopevo Kol oxoAlaote
e MetoBoaAAete to pevpa (1,25-2,5A) pe
otaOepo Suvapko (100V) KoL
MOPOTNPEOTE TO  POALWVOHEVO Kol
OXOALOLOTE

Helmholtz Coils

Experiment

Hypotheses

Check Hypotheses

Forces

Laboratory

Evaluation

Feedback

(D) ev-ne-ro |

Task:
Experiment with acceleration voltage and coil current and observe the effects on the electron path

schematic diagram:

hide fade Wehnelt Cylinder

w
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https://www.didaktik.physik.uni-muenchen.de/elektronenbahnen/en/b-feld/B-Feld/hypothesen.php Ao V125 - R

I[1oc emnpedlovv 01 TPOTOTOMGIUEC TILEC OTNV OKTIVO TNC KUKAMKNC Tpoyldc, EmAéEte edv N ue
7010 TPOTO N TAoN emitdyvvone Va Ko 1o pevuud tnNviov ExNpedlovy TV OKTIVO TNE KUKAMKNG
TPOYLOC TOV NAEKTPOVIOV

ITow emppon) £xer 1o peopa I péom Tov nnviov Helmholtz otnv aktiva Tnc KUKAKNAG
TPOYLAGS;

* Agv gxeL Koo ETTLPPON?
* Ooo uPnAotepn elval n evtaon Tou peupatoc |, Tooo PIKPOTEPN Elval n aktwva?

* Qoo xaunAotepn €ilvat n evtaon Tou PEUATOC |, TOOO UKPOTEPN Elval n akTwa?
IHowx emiopaocn £xel N TAON EXTAYLVONS Va 6TV OKTIVA TS KVKAIKNGS TPOYLAS;

e A&V gXeL KauLa ETLPPON?

* Ooo udnAotepn eival 1 téon emitdyvvong Va , 1060 LKpOTEPT EIval 1 aKTIVAL?

* Ooco yapunAotepn eivar Taon enttdyvvong Va,, 1000 UKPOTEPN Elval n aKTvg?


https://www.didaktik.physik.uni-muenchen.de/elektronenbahnen/en/b-feld/B-Feld/hypothesen.php

EIIIAPAXH MAI'NHTIKOY IIEAIOY XE AEXMEX HAEKTPONIQN
EAPAKAKH 29/10/2020

https://www.didaktik.physik.uni-muenchen.de/elektronenbahnen/en/b-feld/B-Feld/hypothesen.php

& Google Anotehéc, X | & magnetic field bet X

< c O
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Q v GFHEHEBEHE * 3

* B-Field Charge-Mass Ratio Applications Practice
Helmholiz Coils How does the modifiable values affect on the radius of the circular orbit?
Choose if or in which way the acceleration voltage V, and the coil current [ affect the radius of the electrons circular orbit.
Experimental Setup
Helmholtz Coils
Experiment
Hypaotheses

\

Glas Tube
Check Hypotheses Glas Tube

Forces

Laboratory

Electran Gun
Ewvaluation

diagram icture
l | ’

Which influence does the current / through the Helmheoltz coils have on the radius of the circular orbit?
I has no influence.
The higher /, the smaller the radius of the circular orbit.
The lower [, the smaller the radius of the circular orbit.
Which influence does the acceleration voltage V; have on the radius of the circular orbit?
V, has no influence.

The higher V;, the smaller the radius of the circular orbit.

Feedback

The lower Vi, the smaller the radius of the circular orbit.

next
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EIITAPAXH MATNHTIKOY IIEAIOY XE AEXMEYX HAEKTPONIQN
EAPAKAKH 18/5/2020 KYPIQZz NEIPAMA

e/ m=2V/(BR)? R=14.9 cm
B (GS Tesla) = 7,48 X 106 *| N=124 onelpeg

e/m=0,3575x 10" V/ (I R)

V = 2,797x 10 -1 n%) e (I R)?

(ue Volts, Ampere kot cm).

Aaypoppo V =1[ (I R)?]
H xAlon ™S mepopatikis v0giag 1600TOL HE TOV TOPAYOVTA

2,797 x 10 H(e/m).

32
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https://www.didaktik.physik.uni-muenchen.de/elektronenbahnen/en/b-feld/e-m-bestimmung/edurchm.php

G Google Anotehéc, X | G magnetic fieidbe: X | [ Theradiusof the t x| [ oPhysics x [ Thespecificchare X [ MotionofaChare X | G yooyletpavohar X | + - X
~ © o @ didaktik.physik.uni-muenchen.de/elektronenbahnen/en/b-feld/e-m-bestimmung/edurchm.php [0 v @u B BE ¢ ¢ 5 3
N B-Field e —

History Task: cations

Use the experiment to measure the ratio of the electrons charge to it's mass.
Fill the table with different acceleration voltages V; respectively coil currents / and the radius you will see in the
experiment. So you can determine the charge to mass ratio.

Measure e/m

Specific Charge
controls:
acceleration voltage V.,

—EMLTAUYVVTIKO OVVOULKO

100V
vy —5.930-10° 2

current / through coils

1.25A

- pevpoa I tov Tnviov Helmholtz

B-935.10'T

Measure circle on/off

Radius of measure circle

"Axtiva R tov nAexktpoviov

36cm

Me otabBepo  ovvouitko Vo kol
avcavovtac to pevua | o petpate v

Vomv | wmE  [elemn] poo [ Rausr [ z_%pC aktva R, mpocoapuolovtoc 10 OEIKTN

= 150 0 125 0 24 = s
: g CH— 0 g - QUTO TOV® OTN QOTEWVN KUKAIKN
H : 1% 0 — = TPOYLOl

) 10:25 pp
vSioe 3 2
Tvdicas A 33 7z W@ Q) P EA 17/5/2020 & 33
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Meon tiun

b 2 * 11
V (Volts) R(cm) (IR) V/(IR) e/m (*10™) e/m (*10')
100 1
100 1,25
100 1,5
100 1,75
100 2
125 1
125 1,25
125 1,5
125 1,75
125 2
150 1
150 1,25
150 1,5
150 1,75
150 2
175 1
175 1,25
175 1,5
175 1,75
175 2
200 1,25
200 1,5
200 1,75
200 2

34
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1.

Yroloyiote Tqv péon Tiunq <e/m> tov mepopaTik®@v Tip®v tov Iivake MeTtpfiiocov -
Ynoloyiop@v. Xvykpivoopue tTnv Tiun) ovtn pne v avrictoyyn dcopntikgy. ow n emi
™S %0 ow@opd ; Bpeite Kou TNV TUAIKY GTOKALGN UEGNS TIUNG DOTE VO TOPUOEGETE
neta — 3= Coulomb/Kgr

Myeon m
Na yiver n ypagwki wapastaon V = f [ (I R)2] kou va yapayOsi n — kotd mpocéyyien —
nepopotikng evleta yro I=1,5A. v =2,797 « 10—11%(112)2

No Tp0oco10pPLoTEL 1] KALGT TNS TPONYOVUEVIIS TELPUUATIKNS ev0iag Kat yvopllovtog 0Tl
avty givor ion Gewpytike pe 2,797x 10 X (e/m) vo vwoloyiotei TOo £101KO POPTiO TOL
niektpoviov e/m*. Na cvykpivere TV TIHN Tov péag Ppédnke pe Tnv péon Tyun

< (e/m) > g epatnong 1.

IHow xotd t™qv yvoun ocog omd to mepopotike peyédn V, |, ke R kvpuwopyel oty
afefordoTnNTO TOL PETPOVUEVOV EIOIKOV POPTiIOV €/M Tov NMAEKTPOVIOV ; AlKOLOAOYEIGTE
TNV 0TEVTN 6N GOC.

35

* Xonon excell, linest, cpaAua kAtong, opaAua oto ypa@iko e/m, cuykplon UE To adyeBpiko e/m



EIIIAPAXH MAI'NHTIKOY IIEAIOY XE AEXMEX HAEKTPONIQN
EAPAKAKH 29/10/2020

4. @spotTtoroyvikec Epomiosic KoTtovononas

1.

A

T TOINTES U WTOPEL VO OVAATOSEL TO TPAEKTPOVIO COTITV CUYKEKPLLEVT] SUXTO-
N AZwmowsicote TNV oyec u=[ 2 {(e /m) V ] 7. No cuompiveTe TV T TOW
VOMAOVISOTE JUE aUTY] TNS TOYLTITOS © TOW MOTOC.

No vmodocTEL O FPOoOVOoC IOV ¥PEdieTol MGCGTE TO WKEHE NASKTPOWVLIO VIOl EXTEAE-
CEL EVOL AP KOO

IIoTE MpOTO - MMPOCGOIOPLCTIEE TELPOLOTIG TO E101K0O QOPTIO TOU TASKTPOVLOD
: ITowoc o mpocotwopce [ (J.J. Thom=son Bpoafeio Noupmss ocuanc 1906)

IIoon eivol 1) EVERYELD EVOC QMMTOVIOU WITAE ¥POUATOC . AZI0OMOLELSTE TV GYeE-
o1 E photon = 1240 eV nm / A (T nim) mow A TO pOos sopatos (mwy. A = 400
N GTO JUITAE).

MNomopsite vit SWMGTEGETE S0V 1] AQUUITPOTNTO TNC KOFALKT)C TPpOojyuds sivon e-
PLOCOTEDD EVTOVT] GTITV @pyT] TS (0aTom Seiud) oord Ot oTo TEAO0C TN - TLos H1-
KOIOAOVELITOL £V TETOLD POEEUVOLLENVO

Aoy TO NASKTPpOWVIO ouxBeTesr pualo yvueTi 1 fopotnToe TG ¥NC OV GULLETEFEL
CTOUS DITOAOYLT LoD ;

Tt NASKTpOVIOE TS MOKTGTC WWE UEYOAT] 1] MO TOyUTNTo SV KvouvTol GE
FRAOUG LLE OLOPOPETIETY] CETIVO EF0UA OO TITY 1oL B0 AT SGUrvOTI|TO OO

H &vooor Tow puoywnTison TeES1ow TS ¥y1s (opioviug CuwvicTOoo) GUMLETEXEL T)
oY1l GTITV KIVIGT] TOU TJASKTPOWVIOD |

T B aidaser GTIV EOVa TG SECUTC T TASKTpOoviooyY eav - (o) cdduoiovus
TOo aEpwo TN. Avyvies, (P) clduaovus o viaxo g webodouw wo () mEpLCTpE-
WOU e, oLSOWVKCO TV AUnvice |

KYPIQZz NEIPAMA

Na amovinoste
TS EPWTNOELC 1 ,
7 kot 8, al\a
owapBaote Kol TG
UTTOAOLTTEG 6.
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EOAPMOTE2

https://www.didaktik.physik.uni-muenchen.de/elektronenbahnen/en/b-feld/anwendung/massenspektrometer.php

& Google Amotehéo; X | & magnetic field bet X | M The specific charg: X | u oPhysics X M Setup and Calculz X m Motion of a Charg X | & yooyhs Tpovchor: X | -+ - X

&« c 0 & didaktik.physik.uni-muenchen.de/elektronenbahnen/en/b-feld/anwendung/massenspektrometer.php 0o @n n H w * 1"— a

Applications =

helix trajectory Model of a Bainbridge Mass Spectrometer
h - A \Wien filter (velocity-selector) allows to isolate particles with a specific velocity of a parficle beam. To investigate the mass of the
o= :;"‘:""‘5 particles the experimental setup must be exiended. A simple setup to examine the mass of parficles is the Bainbridge Mass
Spectrometer.
Wien fitter
Setup:
Masz In the extended setup the fic field dees not end on the aperiure. So, after passing the velocity-selector, stay in the magnetic
field. There the Lorentz force is the only force that affects the mofion of the pariicles. So the particles start moving in a circle. In
Setup addition to the setup of a Wien filter there is a detector plate on the back of the aperture. This plate detects where the particles . B . d' . BE . d'
Cylotron impinge. '[]' q
Caleulation ” i- — e
&R R ROP B ® 2 Vpamsge  2°E
Vo ®
charge
narge ®
5 Detector Plate
= Function:
3 If a charged parficle moves with velocity v in the presence of a magnetic field B, then it will experience a Lorentz force
] perpendicular to the direction on motion:
('S
Frocentz—q-v- B
) oo This fon'::e CAUsEs I_hai the paﬁdgs start moving in a circle because the Lorentz force acts as centripetal force on the
1 — ™
= S a9 B 2 x3

http://tccc.iesl.forth.gr/AMS EPEAEK/courses/LazPap/MSLaB8AMS.htm
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EOAPMOTE2

https://www.didaktik.physik.uni-muenchen.de/elektronenbahnen/en/b-feld/anwendung/zyklotron.php

G Google X | S magne X | M Thesp x | BY oPhysic x Cyclotr % [ Motier X | G yooyh: X | G hatour X | @ EPTAIT X | @ <4D69 X | % ECLA: x | + - X
< cC 0O @ didaktik. physik.uni-muenchen.de/elektronenbahnen/en/b-feld/anwendung/zyklotron.php 0 Q @n [ =] w * 3 3 :

helix trajectory Modell of a Cyclotron (non relativistic)

Setup:

Main Parts of a Cylotron are two hollow D-shaped sheet metal electrodes called "Dees”. To the Dees a high frequency alternating
voltage is applied. This voltage charges the Dess alternately posifive and negative. So in the narrow gap between the "Dees” an
WWien filter electric field emerge. Above and below the "Dees” two strong electromagnets are placed. They produce a stalic magnedic field
perpendicular fo the electrode plane. In one "Dee” a particle source is placed. It emits charged parlicles in the gap between the
Mass Specirometer | "Dees”.

mathematical
wiew

Cyiotron B
e l
—_— f
Dee 2 Des1 W I,_-q-.],.-".ﬂ
T
section of the Cylatron:
Elecrrnm_ag_nel
| r - r |‘_‘pu 1
e S T
Target | N |»§.T':'>‘f.f.r

Electiomagret

Deflection Plate

Function of a Cyclotron:

The particle source T emits for example protons (positive charged) with an initial speed v in the gap between the dees. lfdee 1is
charged negative and dee 2 positive, the particle is accelerated in the gap because of the elecinic field. When the particle enters
dee 1, it leaves the electric field. In the dee is a static magnetic field perpendicular to the electrode plane. So a Lorentz force acls
on the particles which causes the parficles path to bend in a circle. While the proton is in the dee, the charge of the dess changes
- the electric field in the gap changes the direction. So, afier a semicircle the protons get accelerated again in the gap between the
dees. In dee 2 the Loreniz force causes the parficles path to bend in a circle again. Because of the now higher speed of the
particle the radius of this semicircle is bigger as in dee 1. Increasing distance and higher speed lead to a constant cycle time.
After serveral times the velocity of the protens gets near 10% of the speed of light where relativistic effects become relevant. Prior
that, in a non-relativistic cyclofron a defelction plate directs the particles out of the cylofron and on any target.

Resfrictions:
This type of cyclofron can be used only for particle speeds up to 10% of the speed of light. When the pariicles are getling faster

5 relativistic effects must be considered. These effects lead to an increasing mass. So the cycle time T is no more constant. So the

I frequency of the acceleration voltage does not fit to the cycle fime of the paricles anymore.

= Because of that, only heavy parficles as profons or deuterons are accelerated with such a cyclotron.

: lim a typical cyclotron with acceleration voltages of several hundred volt protons reach energies of 10 MeV after S0 circulations.

L next
[
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KINHZH OOPTIZMENQN ZQMATIAIQN ZE MATNHTIKO MEAIO

Charged particles
trapped within North

Earth’'s magnetic field
van Allen belts pole

Outer Inner
van Allen belt van Allen belt

(b)

https://opentextbc.ca/universityphysicsv2openstax/chapter/motion-of-a-charged-particle-in-a-magnetic-field/
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https://www.didaktik.physik.uni-muenchen.de/elektronenbahnen/en/b-feld/uebungen/Zuordnung.php

TE2ZTAPETE AN OYMAZTE TH AIATA=H

5 Google An: X | S magnetic i X | The speaific X | ﬂ oPhysics X M Technical 1

* m Motion of = X | G yooyhetpo X | G wkukhotpo, | X | Chapter 45 X | =+ — >

&« c 0O @ didaktik.physik.uni-muenchen.de/elektronenbahnen/en/b-feld/usbungen/Zucrdnung.php o a 37 @n BE B & & 3 :
4] 5o Grasets e | Fopsions e
Match the technical terms with the correct components of the experimental setup!
Muttiple Choice
Anode
Practice Setup
Practice Radius
Coil Current
Radius

Elgctron Beam

Glas Tube

Hot Cathode

Filament Voltage

Helmholtz Coils

MNeon Gas

Scale

Wehnelt Cylinder

Check

Feedback
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EIITAPATZH MATI'NHTIKOY IIEAIOY XE AEXMEYX HAEKTPONIQN
EAPAKAKH 29/10/2020

A. Apapavtivog EIIIAPAYH MATNHTIKOY ITEAIOY XE AEXMEX HAEKTPONIQN, eclass.uniwa.gr » document ) file.php » NAFP135> H1
https://www.atas.gr/product.php?products id=5207

|. BAMBAKAZ

https://ocp.teiath.gr/modules/document/file.pohp/NAFP UNDER120/%CE%95%CE%BA%CF%80%CE%B1%CE%BI%CE%BA%CE%B5%CF%85%CF%84%CE%BI%CE%BA%CF%8C%20%CF%85%CE%BB%CE%BI%CE%
BA%CF%8C/%CE%A3%CE%B7%CE%BC%CE%B5%CE%BI%CF%8E%CF%83%CE%B5%CE%BI%CF%82/2 %CE%95%CF%80%CE%AF%CE%BA%CF%81%CE%B1%CF%83%CE%B7 %CE%BC%CE%B1%CE%B3%CE%BD%C

E%B7%CF%84%CE%BI%CE%BAY%CE%BF%CF%8D %CF%80%CE%B5%CE%B4%CE%AF%CE%BF%CF%85 %CF%83%CE%B5 %CE%BA4%CE%AD%CF%83%CE%BCHCE%B5%CF%82 %CE%B7%CE%BBY%CE%B5%CE%BA
%CF%84%CF%81%CF%8C%CE%BD%CE%BI%CF%89%CE%BD%28%CE%95%CE%B1%CF%81%CE%BI%CE%BD%CF%8C 2014%29.pdf

http://users.uoa.gr/~eanason/a.pdf

http://tccc.iesl.forth.gr/AMS EPEAEK/courses/LazPap/MSLab AMS.htm

BINTEO MEPITPADHX
https://www.youtube.com/watch?v=4ra63Rid0-8

https://www.youtube.com/watch?v=A00pxFWPINg
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http://users.uoa.gr/~eanason/a.pdf
http://tccc.iesl.forth.gr/AMS_EPEAEK/courses/LazPap/MSLab_AMS.htm
https://www.youtube.com/watch?v=4ra63RidO-8
https://www.youtube.com/watch?v=AO0pxFwPINg

