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“The magnetic field of a
straight isolated wire
carrying a current ”

"MaraurTHoe 1moJjie npsaMou
U30JIMPOBAHHLIA IIPOBOJ C TOKOM "'
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isolated ["aisalertid] M30JIMpPOBATH

to exert [1g'za:t] " OKa3bIBATh

to apply ['plai] =  [IPUMEHSAITh
concentric [kon'sentrik] " KOHICHTPUYCCKHIA

component [ kem’pourent] « gommoment
"  CTEpPKECHb
= 34aIIOJIHCHHUC

pivot ["pivet]
filings ['failigz]
compass [’kampas] " KomIac

closer ["klouss] = OImKe
symmetrical [st'metrikal] = cuMMerpuUHbI



The magnetic field of a straight isolated wire carrying a current

The electromagnetic field is the result of the interplay of an electric and a magnetic
field.

A compass needle brought close to a long straight isolated wire carrying an electric
current will tend to align itself at right angles to the plane passing through the axis of the wire
and the pivot of the needle. This is an indication that some force is acting upon the needle. This
force is termed the magnetic field . The magnetic field also exerts force on electric charges in
motion and current — carrying conductors placed in the field. The magnetic field induces an
EMF in current-carrying conductors cutting across the field or in stationary conductors when
they are placed in a varying field.

MarnuTHoOe 1moJjie IMPAMOIo U30/JIMPOBAHHOTIO IIPOBOAAa C TOKOM

BHCKTpOMaFHI/ITHOe IIOJIC ABJISICTCA PE3YJIbTATOM BSaHMOHeﬁCTBHH QJICKTPHUYICCKOIO U
MAargmTHOI'O ITOJIA.

Crpenika KoMIlaca MOJHOCUTCS OJIM3KO K JJIMHOW MPSMOM HM30JUPOBAHHOIO IIPOBOJA ,
HECYILIETO DJEKTPUYECKHUU TOK OyaeT MMETh TEHACHIMIO BBIPABHUBATH CEOsl IMOJA IPSIMBIM
YIJIOM T10 OTHOILICHHUIO K TNIOCKOCTH , TPOXOISIIEH Yepe3 OCh MPOBOJIOKM U CTEPKEHb WIJIbI .
DTO yKa3blBa€T HA TO , YTO Kakas-TO CHJIa JECUCTBYET Ha MIVIy . OJTa CHJla Ha3bIBACTCS
MAarHUTHBIM MOJIEM . MarHWTHOE MOJI€ OKAa3bIBAET TAKKE YCUJIME Ha DJIEKTPUUYECKHE 3apsijibl B
JBUKEHMU U TOKa — IIPOM3BOIACTBO IIPOBOAHUKOB , PACHOJIOXKEHHBIX B S5TOM 00/IacTH.
Maruutnoe mnone uuaunupyer DJIC B TOKONPOBOAAIIUX DPEXKYIIMMU YEPE3 IIONE \MIM B
CTallMOHAPHBIX TPOBOJIHUKOB , KOTJIa OHM HAXOJATCS B TOW WJIM MHOM 00JIACTH .



Summing up , we may define he magnetic field as a
component of the electromagnetic field . It 1s set up by
electric described by the force i1t exerts on charges in motion
and , consequently , on electric currents .

Thus the magnetic field is a consequence of electric current
and cannot be obtained independently of the latter .

HO,Z[BOI[H HUTOI' , MbI MO2KCM OIIPCACIINTD , HTO OH MAI'HUTHOC
I10JIC B KAYCCTBC KOMIIOHCHTA J3JICKTPOMAIHUTHOI'O IIOJIA . Ona
CO31dHA JJICKTPHUUYCCKAA OIIMCHIBACTCS CHJIOM OHO OKa3bIBacT I10
OOBUHEHHIO B ABUKCHHUH U , CIICHJOBATC/IbHO HA 3JICKTPHUYCCKHUC
TOKH .

Takum 06p2130M , MAI'rHUTHOC IIOJIC ABJIACTCA CIICACTBHUCM
SJICKTPHUYCCKOI'O TOKA KU HC MOKCT OBITH IMOJIY4YCHA HC3aBHUCHMO
OT ITOCJICIHCIO .



The magnetic field can be mapped by applying iron fillings to a piece of
pasteboard through which a heavy current-carrying conductor is passed . The fillings
will form circles representing lines of magnetic induction. Moving the pasteboatrd up
or down the conductor will not change the arrangement of the lines of magnetic
induction . This proves that the magnetic field 1s set up along the whole length of
the conductor . The direction of lines of magnetic induction will , however , change
if the direction of the current through the conductor 1s changed . This can be
demonstrated by arranging small compass needles around the conductor and
alternately reversing the current through the conductor — the needles| will rotate
differently .

MarHuTHOE T0JI€ MOXET ObITh COMOCTABJIEH C MPUMEHEHHEM KEJIC3HBIMU
ONMUJIKAMU Ha KyCOK KapTOHA , YEpPe3 KOTOPBIA MPOXOJAUT TSKEIbIM TOK MPOBEIACHHE
npoBOAHUK . HauwHku Oymer OT KpyroB , MNPEACTABISIIOMIMX JUHUKA MAarHUTHOW
uHayknuu . IlepeMmenieHrne MOHTa)XXHOTO CTOJA BBEPX WJIM BHHU3 MPOBOJHUKA HE
U3MEHHUT PAcCIOJIOKECHUE JIMHUNA MarHUTHOW MHIAYKIUMUA . IJTO JOKAa3bIBAET , 4TO
MarHMuTHOE TI0JIE YCTaHABJIMBAETCS MO BCEW JJIMHE Ha NpoBogHuke . Hampasienue
JUHUN MarHUTHOM MHIYKIWH , OJHAKO OyAET U3MEHSTHCS IIPU M3MEHEHUU HAIIPaBICHUE
TOKa 4epe3 MPOBOJHUK U3MEHSIETCS . DTO MOXKET OBITh MPOAEMOHCTPUPOBAHO ITYTEM
pa3sMeElIeHUE MAaJICHbKMX WM KOMIIaca BOKPYr MPOBOJAHUKA M  I[MOOYCPEIHO
pPEBEPCUPOBAHUS TOKA YEPE3 MPOBOJHUK — UIJIBI OYAET BPAIIAThCs [0 — PA3HOMY .



a

The properties of the lines of magnetic induction around a current —carrying
wire may be summed up as follows; 1) lines of magnetic induction are circles
symmetrical about , and concentric with , the axis of the wire ; 2 ) the ‘spacing
between the lines of induction decreases as we move closer to the conductor ; 3
) magnetic induction depends on the magnitude of the current in the wire ; 4 ) the
direction of the lines of magnetic induction depends on that of the current in the
wire.

CBOICTBA JIMHWUM MAarHUTHOM WHIYKIWKA BOKPYI TOKa — MPOBEAECHHUE  MNPOBOJA
MOTYT ObITh CYMMHUPOBAHBI CIAEAYIOIUM 00pa3oMm : 1) IMHUK MAarHUTHOW WHAYKIAN

IPEJCTABIISIOT COOOM OKPY>KHOCTH CUMMETPUYHO OTHOCUTEIBHO , U KOHHEHTPUYIHO
, OCH IPOBOJIOKH ; 2) PACCTOSTHUE MEXKIY JUHUSAMHA MHIAYKIAM YMEHBIIACTCS 110
Mepe NpUOIMKEHUS K TPOBOJHMKY ; 3) MarHuTHasi MHAYKIWAS 3aBUCUT OT
BEJIMYMHBI TOKAa B MPOBOAC ; 4) HAIpaBiICHWE JHWHAM MAarHUTHOW HMHIYKIIAM
3aBHUCHUT OT , YTO TOKA B ITPOBOJIE .

The direction of the lines of magnetic induction around a conductor can be
determined by what is known as the right-hand screw rule .If a right-hand screw
is moved progressively in the direction of the current ,the rotation of i1ts handle
will give the direction of the lines of magnetic induction around the conductor .
The same rule applies to a compass needle placed in the field of a
current-carrying conductor.



HampaBnenne nWMHWA MAarHUTHOW WHAYKIMM BOKPYT MPOBOJHWUKA MOXKET
OIPEAEIATHCA , TEM YTO , U3BECTHO KaK IMPABUJIO MPABOr0 BUHTA . ECiIM mpaBas BUHT
IEPEMEIACTCS MOCTYIATEIbHO B HAIPaBJICHUA TOKAa , BPANICHHUE €ro Py4YKHd JacT
HAPAaBJICHUE JIMHUKA MAarHMTHOM WHAYKIAM BOKPYI MPOBOJHMKA . 1O K€ MPaBUIIO
IIPUMEHSETCS K CTPEIIKE KOMIIaca , IOMEIICHHOIO B IOJIE POBOJHUKA C TOKOM .

The magnetic field is described by a vector of magnetic induction and therefore
has both direction and magnitude. The quantitative expression for magnetic induction
was derived experimentally by Bio and Savara . Taking the deflection of a compass
needle as a measure of the intensity of magnetic fields of a current , varying in magnitude
and shape , the two scientists concluded that any current element projects into space a
magnetic field , the magnetic induction of which , dB, is directly proportional to the
element of length , dl , the current I , the two scientists concluded that any current
element projects into space a magnetic field , the magnetic induction of which ,dB, is
directly proportional to the element of length , dl, the current I , the sine of the angle
between the direction of the current and the vector , R,

MarauTHOE 10JI€ ONMUCHIBAETCS BEKTOPOM MAarHUTHOM UHAYKIIUHA , U CIAEAOBATEIIBHO |,
MMEET HANpaBICHUHM W BeEIWYUHY . KOJIMYECTBEHHOE BBIPAXKEHUE IS MArHUTHOU
UHIYKIIMU ObLIO 3KCIEpUMEHTaIbHO nosiydyeHa buo u Caapa . [IpuHuMas oTkiIOHEHUE
CTPEJIKA KOMIIaca KaK MEpa MHTEHCUBHOCTU MATHUTHBIX MOJIEM TOKA , PA3JIMYAOIIAXCA TI0
BeJMurMHe U (opMme , J1Ba YUCHbIC MPUIIIA K BBIBOAY , YTO JIFOOBIE TEKYIIUE MPOCKTHI
AJIEMEHTOB B MPOCTPAHCTBE MAarHUTHOE MOJI€ , MarHUTHAasE MHAYKIUsA KoTtoporo , dB ,
IpsAMO TPONOPLIMOHANEHA K DJIEMEHTY AnuHEl , dl , Toka I, cunyc yma o , MeXay
HAaIPAaBJICHUEM TOKA U BEKTOPOM R |



connecting a given point of the field and the current element , and is inversely
proportional to the square of the length of the vector , or

Idlsin«
RZ

dB =K

where K is the proportionality factor dependent on the magnetic properties
of the medium and the system of units used .

COCIIUHSIONICH JaHHYIO TOUKY IOJISI M TEKYIIEro 3J€MEHTa , U 00paTHO
IPOINOPLIMOHAIbHA KBAJIpaTy JJWHBI BEKTOpAa WU

Idlsin«
R2

rae K xkoabduiimeHT nponopiuoHaabHOCTH , 3aBUCSIIMNA OT MAarHUTHBIX
CBOKWCTB CPEJIbl , TAK U CUCTEMBI €IUHUIIBI .

dB =K



e Notes to the text

* to tend — CTpEMUTBHCS , UMETH
TE€HJICHIINIO

* To align 1tself — ycranaBiImMBaTbCA

* SINE —CHHYC

» the right-hand screw rule —
IpaBUJIO OypaBYMKa



Exercise 1

DJIEKTpUYECKasT ~ WMHAYKIMS, IUIOTHOCTh TOKa, CHJIAa TOKa , \VIEJIbHOE
COINPOTHUBJICHUE , HAIPS)KEHHOCTh MATHUTHOTO TOJA , HAIPABICHUE JIMHUU
MAarHUTHOW UHIYKIIUU , BEKTOP MAarHUTHOM WHAYKIUU , ONPEAETIATh , IOMEIIATh. ,
U3MEHSATH , HA3bIBATh , JIOKA3bIBATh , U30JIMPOBATH , CPEAA .

Electric induction, current density, current, resistivity, magnetic field, the direction
of lines of magnetic induction, magnetic induction vector, define, place, modify,
name, proof, isolate, environment.

Exercise 2

1.Matter can exist as a plasma.2. It 1s a different matter , of course , if charged
bodies are placed inside a space surrounded by conducting walls.

3. The passage of an electric current through matter can produce heating ,
chemical and magnetic effects . 4. We must also consider the matter from the
practical point of view. 5.From this equation we can calculate the field at any point
. 6. Consider the case of the single isolated positive point charge . 7. The latter
method is generally the more convenient . 8. Later on we shall use this method .
9. All substances show reaction to a magnetic field if the latter 1s sufficiently
intense . 10. This last definition 1s useful .



YopaxHenue 2

|.BemecTtBO MOXKET CyIIECTBOBATH B BUJE ILIA3MBIL.2.DTO JPYIO€
JeJI0, KOHEYHO, €CJIH 3apsDKCHHBIC Tella Pa3MEIICHbl BHYTPH
IIPOCTPAHCTBA, OKPYKCHHOIO  IPOBOMASAIIMMH  CTCHKaMHu. 3.
IIpoxokaeHHE DIEKTPUYECKOIO0 TOKAa YEpe3 BEIIECTBO MOXKET
IIPOM3BOJUTH HArPeB, XUMHUUECKHE U MarHUTHBIC 3 PEeKTHI. , 4. MBI
OOKHBI TAKKE PACCMOTPETH 3TOT BOMPOC C HMPAKTUUECKON TOYKH
3peHMs. 5.9TO ypaBHEHHE MOKHO BBIYMCIHUTH MOJIE B JIFOOOH TOYKE.
6. PaccMOoTpuM Cilydal OZHOTO M30JAPOBAHHOTO MOJOXKUTEIBHOTO
TodeyHoro 3apsga. 7. IlocmegHuii cmoco0, Kak MpaBuiio, Oolice
ya00HBIM. 8. B manpHelIemM Mbl OyaeM HCIOJb30BaTh 3TOT METOL.
9. Bce BemecTBa NOKa3bIBAOT PEAKIMI0 HA MArHUTHOE IIOJIE, €CIIH
MIOCJCAHUM JOCTAaTOYHO HMHTEHCHBHO. 10. 910 mocaenHee
OIIPEACIICHUE TTOJIE3HO.






Exercise 4
To deflect , to direct , to induce ,
to indicate , to demonstrate , to
arrange , to measure , to state .

/ Yopaxnenue 4 \

JI71s1 TOTO, 4YTOOBI OTBJICUD, UYTOOKI
HalpaBUTh, YTOOBI MOOYIUTH,

YTOOBI yKazarThb, YTOOBI
POJAECMOHCTPUPOBATh,
OpraHu30Barh, U3MEPSITh,

° 1 COCTOSIHHC .
eIntensity, density, difﬁ&ﬁl‘tyTpUssibiﬁty.———/

YnpaxHeHue 3
MBaTeHCUBHOCTD, I IITOTHOCTS,
CnoxHOCTb, BOBMOXXHOCTB.



No 1

How fast 1t 1s necessary to move the conductor length of the active part 1s

80cm, at an angle of 65 to the lines of magnetic induction to the conducter
excited EMF induction - 2.5V, i1f the magnetic field 1s 0,4T1?

GivenTy S; Analyse Solution : -

’ m
= _ i - = 8,65 —
B S%ZmTl o8 m g; = UIB sina 0,8-0,4 - sin65° =
E: = 2;; V _—
=165

= i Answer: 9 = 8,65 N
To find - S IB sina ’ S




Nel. C kako#l CKOPOCTHIO HA/I0 MepeMellaTh IPOBOAHUK, JJIMHA AKTUBHOM
yacTu KoToporo 80cm, mox yrjiom 65° Kk TUHUSIM MarHUTHO UHAYKIUH,
yT00BbI B NPOBOAHMKE BO30Yxkaagdach JC unaykuuu — 2,5B, eciiu
UHAYKIUAS MATHUTHOTO 1oJis paBHa 0,4Ta?

aHno :
! =80 ¢cm
BE=04Tn
=103"
&=208

Hantnu : 9

Cu

=0,8 M

AHaJIu3

& =DIB sing

)

Pemenue:

B 2.5
~0,8-0,4 -sin65°

M
v = 8,65 —
C

OTBeT : ¥ = 8,65 =
c



No 2
In a magnetic field whose induction B = 0.05 T1, rotates

metal rod length 1 = 1 m, with the angular velocity = 20 ¢! . Axis rota
passes through the end of the rod and parallel to the magnetic field . F1 4
induced EMF g, arising in the rod. |

Given by : Analyse Solution :
B=0,05TI ® = BS = B 1tl? 0,05-1-20

— e = —
I=1m B 25 1219 B Bnlzw P/
w=20s E=bTm = T

To find : 2
= ' - Blzw




No 2

B marautHOM mose, nHAyKuusa koroporo B=0,05Tm, Bpamaercs
METAJUIMYECKUM CTEPKEHb JJIMHOM 1=1M, C yIJI0BOI CKOPOCTBIO O = 20 ¢ L
Ochb BpalleHUs MPOXOAUT YEPE3 KOHEI] CTEP>KHS U MapAJIIE€IbHAa MATHUTHOMY
nojro. Hanttu 3/1C mHAYKIMY € , BOBHUKAIOIYIO B CTEPIKHE.

JlaHo :
B=0,05Tn
1= 1M

o =20¢ct

Hautu ;.

-<_-

Aunanus
® = BS = B rl?
5 Brl?w
=B Rl =
2T
Bl?w

) -

2

Penienue :

0,05-1-20
e > =0,5B

Oiger: £ =058
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