gyoe lorce. current, length and angle are sready dafined and their urels are known, we
an wse these terms to dafine magnetic flux density.

aagratic fiie density is defined by the ecuation

8 =
T iLzing
Rearrangrg this squation gives F = QiLSINg.

prowicedd F is in newtons, ©is inamgeres and L is in metres, B will be n tesia CIne fesia,
T i the magretic llux density when a wire of izngth one metre and camying a curent oA
pre ampers at a right angle ta tha hiald axpeniences 4 force of one newion.

wjote that it the fiedd and the wire are in the same direction, sinil will be zara, and the
force will be zern. When the wire and the field are at nght angies to one another, sing will
pa 1, and the forca wil be at its maximun value e tasld s 3 large magreatic i
density, In magratic resoranae machines the magneatic fisld has to beup to 2T, Agood
stronn bar magnet will have a flux densily nesar ite poles of arpund 20 millitesias, mT, The
magrietic fiue ciensity of the Earth in the UK is sround 5 « 1077, or 50 #

The force on a charged particle moving in a magnetic field
Corador 8 charge +0 traveling with velocty v at nght angles 10 8 magreac fiesich o
magnetic fux density 5. Ina time { he charge will have moned a distance L= i, amdt the
current 1, the change flowing per unit fime, will ba 0/, Using the aquation £ = Bil and
substituting ghees for the charged particle

F-ﬂx%u{r BV

Ae with @ current in 8 wire, the force acts 1 a direction goen by Fleming s left-hand nile.
The farce is 8t night angles to both the magnetic fiskd and the dirsciion of travel of the
particle. You need to be caretul when apphing Fleming's ksft-hand rule to charged
particies. If the partick is negatively charged, an electron for cxameda, the direction of he
current is in e opposite dirsction o the dirsction in which it is fravelling.

if the partiche 1s nitialy not revaling at ight anglas to the field, the situation 15 as shown
r Figure 3, in which a charge O maoves with velocity v al an angle f ta tha magnetic feid
of fiLpe density 8. Consider the twa components of the welocity. One compaonent, at right
angles 1o the field, has magniude v sind. and the other in the direction of the field has
masanituca v cosi. The component at right angbas to the fiekd resulls in tne charge
pxpeiancing a force B0 sind, and the companent i the: dinection of thie fieskd will hene
ro etiect whalscever on the panticks's path.

Questions
1 Show that the wnits of magnetic fux density, usually T {tesla), can be witlen as
Bl

1/2 Figure 4 shows the directions of the current £ in 2 sho saction of wirg ard he

maonetic fux density £ at the wire.

{a) The current is in the direction H-G. In which direction i tha force on thea wra?

{b} The free electrons ane drfting in the direction G-H. In whch diraction is the
avarage force on them'?

(€} The wire camies a current ol 0.24 A, The length of wira n the magnetic field is
a0 . The magnetic flux density 8 s 30 mT. Calculate the forca on b waire.

{d) Through what angie must the wire be rotatad ardd mowhich plane treduce e
force an the wire to i) half the vahe o o) and () 2erc?
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Module 1
Electricand magnetic fields

Definition of magnetic flux density

Key definition
Magnetic flux density s defined by
the aquation

F = BILzirx)

wihierg g the forca an a wire of length
{ carrying & current {3t an angle o i
e Tivdd.

Key definition

O tesla, T, i the magnete flu
density when a wirg of kengih one matne
and carrying a current of one ampene &t
a vight angle ta the field experiances 2
farce of one newwin.

B T o =
ggﬁin |
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v |, |
[ [\ Magnatic
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Figure 3 A chargad parficks moving ai
a1 anghe B to the magnetic fisld wil
expenanca 4 frce BO sing

Key definition

The farce Fon a charge 4 moving with
velocity vat an angle & to a magnelic
field of flux density &is given by

F = Biv s,
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