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* 22.1 INDUCED EMF AND INDUCED CURRENT 681

sensing coil positioned nearby. As the shaft turns, the magnets pass by the coil and cause
an induced emf and current to appear in it. A microprocessor (the “brain” of a computer)
counts the pulses of current and, with the aid of its internal clock and a knowledge of the
shaft’s radius, determines the rotational speed of the drive shaft. The rotational speed, in
turn, is related to the car’s speed. Thus, once the driver sets the desired cruising speed with
the speed control switch (mounted near the steering wheel), the microprocessor can com-
pare it with the measured speed. To the extent that the selected cruising speed and the
measured speed differ, a signal is sent to a servo, or control, mechanism, which causes the
throttle/fuel injector to send more or less fuel to the engine. The car speeds up or slows
down accordingly, until the desired cruising speed is reached.

Figure 22.3 shows another way to induce an emf and a current in a coil. An emf can
be induced by changing the area of a coil in a constant magnetic field. Here the shape of
the coil is being distorted to reduce the area. As long as the area is changing, an induced
emf and current exist; they vanish when the area is no longer changing. If the distorted coil
is returned to its original shape, thereby increasing the area, an oppositely directed current
is generated while the area is changing.

In each of the previous examples, both an emf and a current are induced in the coil be-
cause the coil is part of a complete, or closed, circuit. If the circuit were open—perhaps
because of an open switch—there would be no induced current. However, an emf would
still be induced in the coil, whether the current exists or not.

Changing a magnetic field and changing the area of a coil are methods that can be
used to create an induced emf. The phenomenon of producing an induced emf with the aid
of a magnetic field is called electromagnetic induction. The next section discusses yet an-
other method by which an induced emf can be created.
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Figure 22.1 (a) When there is no 
relative motion between the coil of
wire and the bar magnet, there is no
current in the coil. (b) A current is 
created in the coil when the magnet
moves toward the coil. (c) A current
also exists when the magnet moves
away from the coil, but the direction of
the current is opposite to that in (b).
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Figure 22.2 Induced emf lies at the heart of an automobile
cruise control device. The emf is induced in a sensing coil by
magnets attached to the rotating drive shaft.
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Figure 22.3 While the area of the coil
is changing, an induced emf and 
current are generated.

2762T_ch22_680-718.qxd  10/18/08  8:39 PM  Page 681

2nd 



71#;)E'$#%&#%_#*$E'#*%

`.%;"#*0#;#)%&#%"'.+-Q#ER%&#%8+.#.')%Q+.'%
*)*%$).)%;'"%#%('*),'*#%,'00+*#0#V%
,+%;'"%E9D+%.+%O$#0+5%
`*%;+"-0).+"'V%.+%Q'.)0#ER%&'..+%.90'%Z%
.+%$E'$$+%#*%E9[%#%$#$E',#%&#%
"#('"#,'*E)%#*'"I#+.#%B#*%,)E)%"'.+-Q)%
9*#()",'%.19*)%"#$;'D)%+..1+.E")F5%
%

O.#*L/!P"#,5Q&(1%P*>!R!2"!#*ST#<!#V%a**+.'*%&'"%MPb$#T%B<23=F%%
%



!)*$'69'*I'%
7+%&#$E+*I+%E',;)"+.'%("+%&9'%'Q'*-%Z%#*%6'*'"+.'%
&#Q'"$+%$'%,#$9"+E+%&+%)$$'"Q+E)"#%#*%,)E)%"'.+-Q)%
("+%.)")5%
`*%;+"-0).+"'%'Q'*-%$#,9.E+*'#%;'"%.19*)%;)$$)*)%
*)*%'$$'"'%$#,9.E+*'#%;'"%.1+.E")5%



`.%;+"+&)$$)%&'#%6','..#%



\')"#+%6'*'"+.'%&'..+%"'.+-Q#ER%B<2<=F%
c'#%&#'0#%+**#%$900'$$#Q#%_#*$E'#*%0'"0d%&#%'$E'*&'"'%
.+%$9+%E')"#+%+%E9[%6.#%)$$'"Q+E)"#%#*%,)E)V%+*0P'%
*)*%#*'"I#+.#5%

`*%"'+.ER%'6.#%$#%+00)"$'%0P'%#*%
K9'$E)%,)&)%$E+Q+%
0)$E"9'*&)%9*+%E')"#+%
"'.+-Q#$-0+%&'..+%
6"+Q#E+I#)*'V%0P'%$)$-E9#Q+%
K9'..+%&#%c'HE)*5%



!)*$'69'*I'%
7'%;"'Q#$#)*#%&'..+%Y8%&#e'"#$0)*)%.'66'",'*E'%&+%
K9'..'%&'..+%E')"#+%&#%c'HE)*V%$);"+D9D)%*'.%0+$)%
&#%0+,;#%6"+Q#E+I#)*+.#%,).E)%#*E'*$#5%%

`*).E"'%)$$'"Q+E)"#%$#E9+-%+&%+.E'II'%
&#Q'"$'%#*%9*%0+,;)%6"+Q#E+I#)*+.'%
,#$9"+*)%#*%6'*'"+.'%&#e'"'*I'%&#%
E',;)%&#Q'"$'%("+%&9'%'Q'*-5%X'%*)*%$#%
E'*'$$'%0)*E)%&#%K9'$E)%'e'D)%#.%
$#$E',+%8MX%B+&%'$',;#)F%*)*%
;)E"'NN'%(9*I#)*+"'5%



7+%,'00+*#0+%K9+*-$-0+%
]);)%#,;)"E+*-%#*E9#I#)*#%&#%M.+*0TV%
f)P"%'%_#*$E'#*V%*'.%<2:^%g'"*'"%
h'#$'*N'"6%'%_"H#*%X0P"i&#*6'"%
;9NN.#0+*)%#*&#;'*&'*E','*E'%#.%
*90.')%()*&+*E'%&#%9*+%*9)Q+%E')"#+V%
0P'%"#'$0'%+%&+"%0)*E)%&#%9*%*9,'")%
#,;"'$$#)*+*E'%&#%('*),'*#%)$$'"Q+-%+%
.#Q'..)%+E),#0)%B$#$E',+%;'"#)&#0)V%
;");"#'ER%0P#,#0P'V%$;'D"#%&#%',#$$#)*'%
'%+$$)"N#,'*E)V%555F5%



C*&'%'%;+"-0'..'%
7+%4>%"#'$0'%+&%#*0)";)"+"'%*'.%$9)%
()",+.#$,)%9*+%0+"+D'"#$-0+%
$0)*0'"E+*E'%&#%,).-%('*),'*#%+E),#0#G%
.+%0)'$#$E'*I+%&#%+.09*'%0+"+D'"#$-0P'%
;");"#'%&'..'%)*&'%0)*%+.E"'%;");"#'%&'..'%
;+"-0'..'%,+E'"#+.#5%
%

a%.+E)G%()",+I#)*'%&#%
("+*6'%&1#*E'"('"'*I+%&#%
)*&'%#*%+0K9+%'%*'.%
;+$$+66#)%&#%'.'D")*#%
+D"+Q'"$)%&9'%('*&#E9"'5%
%



X'0)*&)%.+%4>%9*%'.'D")*'%Z%&'$0"#D)%&+%9*+%
!"#$%&#'()%(*+,+&V%0P'%$#%'Q).Q'%*'.%E',;)%#*%9*%
,)&)%N'*%;"'0#$)5%\9D+Q#+%.1'$#E)%&#%9*+%,#$9"+%B&#%
;)$#I#)*'V%Q'.)0#ERV%'005F%#*%6'*'"+.'%*)*%&R%9*%
"#$9.E+E)%0'"E)G%.+%E')"#+%;'",'D'%$).)%&#%;"'Q'&'"'%
.+%-.&/,/%0%+1%0P'%.+%,#$9"+%+NN#+%9*%0'"E)%Q+.)"'5%



j*%'$',;#)%0)*%()E)*#%;).+"#II+-%
`.%"'D+*6).)%Z%9*%0"#$E+..)%
N#"#("+*6'*E'G%#%()E)*#%
;).+"#II+-%)"#II)*E+.,'*E'%
)%Q'"-0+.,'*E'%Q'*6)*)%
&'k'$$#%#*%,)&)%&#Q'"$)%+.%
$9)%#*E'"*)5%
M'"%.+%4>%9*%()E)*'%
;).+"#II+E)%+%l=m%Z%9*+%
',)#(<<,'%3%,&!%#*%;+"-%
969+.#%&#%()E)*#%0)*%
;).+"#II+I#)*'%)"#II)*E+.'%
'%Q'"-0+.'5%
`.%O.E")%;).+"#II+E)"'%+%l=m%
.+$0#+%;+$$+"'%#.%<33n%&'#%
()E)*#%;).+"#II+-%+%l=m%,+%
N.)00+%#.%=3n%&'#%()E)*#%
;).+"#II+-%)"#II)*E+.,'*E'%
)%Q'"-0+.,'*E'%



j*%$'0)*&)%
0"#$E+..)%
N#"#("+*6'*E'%
")Q'$0#+E)%
#*Q'"E'%.+%
&'Q#+I#)*'%
0+9$+E+%&+.%
;"#,)%0"#$E+..)5%

>9+.'%;'"0'*E9+.'%&#%()E)*#%"+66#9*6'%#.%"#Q'.+E)"'%*'..19.-,)%0+$)?%



`.%@0)..+$$)A%&'..+%(9*I#)*'%&#%$E+E)%
>9+*&)%$#%'$'69'%9*+%,#$9"+%$9%9*%$#$E',+%
K9+*-$-0)V%$'%#.%"#$9.E+E)%*)*%Z%0'"E)%+.%<33n%+..)"+%
.+%(9*I#)*'%&#%$E+E)%&);)%.+%,#$9"+%Z%)%2'.*,(&+..+%
;"'0'&'*E'5(



4#0")%Q$%4+0")%
`.%0)..+$$)%&'..+%(9*I#)*'%&#%$E+E)%+QQ#'*'%K9+*&)%#.%
$#$E',+%K9+*-$-0)%B,#0")$0);#0)F%#*E'"+6#$0'%0)*%
9*)%$E"9,'*E)%&#%,#$9"+%B,+0")$0);#0)F5%%

4+%#.%()",+.#$,)%*)*%$;#'6+%
K9+*&)%'%;'"0PW%9*%$#$E',+%
;9d%'$$'"'%0)*$#&'"+E)%
,+0")$0);#0)G%#*%.#*'+%&#%
;"#*0#;#)%+*0P'%9*%0)";)%
,+0")$0);#0)%&)Q"'NN'%
)NN'&#"'%+..'%.'66#%&'..+%4>V%
0)$+%0P'%#*Q'0'%*)*%$#%Q'"#O0+5%%

`.%6+D)%&#%X0P"i&#*6'"G%Q#Q)%)%,)"E)?%



a.'+E)"#'ER%*)*%';#$E',#0+%
X'%.+%(9*I#)*'%&#%$E+E)%&'..+%4>%&'$0"#Q'%#*%,)&)%
3&4-0'+&%9*%$#$E',+V%+..)"+%.1#,;)$$#N#.#ER%;"#,+%
&'$0"#D+%&#%)D'*'"'%"#$9.E+-%0'"-%&+%9*+%,#$9"+%
$+"'NN'%9*+%0+"+D'"#$-0+%#*E"#*$'0+%&'#%('*),'*#%
*+E9"+.#%'%*)*%o%0),'%$900'&'%*'..+%,'00+*#0+%
0.+$$#0+%o%.+%0)*$'69'*I+%&#%9*+%0)*)$0'*I+%
#,;"'0#$+%&'..'%0)*&#I#)*#%&'.%$#$E',+5%

>9'$E)%+$;'D)%&'..+%4>%*)*%;#+0K9'%,+#%
+&%_#*$E'#*G%Q#'*'%$;'$$)%"#0)"&+E+%#*%
;");)$#E)%.+%$9+%("+$'%@]#)%*)*%6#)0+%+%
&+&#%0)*%.1j*#Q'"$)A5%%



71+"6),'*E)%&#%_#*$E'#*V%%
M)&).$Tb%'%Y)$'*%B<2S=F%

!);;#+%&#%()E)*#%#*%9*)%$E+E)%&#%;).+"#II+I#)*'%#*E"'00#+E)%B!&"(&2/!5FG%p
C<qpC:q%r%ps<qps:q5%a.#0'%,#$9"+%.+%;).+"#II+I#)*'%&'.%()E)*'%<%'%.+%
(9*I#)*'%&#%$E+E)%&'..+%0);;#+%&#%()E)*#%0)..+$$+5%>9#*&#%f)N%;'"%#.%
()E)*'%:%E")Q'"R%+.%<33n%0&(*+'**&(.%*"0+,+&()%(50%3'5%(

!)*0.9$#)*'%&#%_5%M5%Y5G%#*%K9+.0P'%,)&)%.1#*()",+I#)*'%$9..+%
;).+"#II+I#)*'%&'Q'%'$$'"'%-.''*%*+'#+'%*'..+%0);;#+%&#%()E)*#V%+*0P'%$'%
.+%4>%*)*%;9d%&'$0"#Q'"'%.+%$#E9+I#)*'%#*%,)&)%0),;.'E)5%



7+%&#$969+6.#+*I+%&#%f'..%B<2^lF%

71+*+.#$#%0),;#9E+%&+%t5X5%f'..%'&%#%
$900'$$#Q#%'$;'"#,'*-%P+**)%
&#,)$E"+E)%0P'%.+%0)*0.9$#)*'%&#%
_#*$E'#*%'"+%'"")*'+G%*'$$9*+%E')"#+%
0&3,0'%*)*%+.'+E)"#+%;9d%"#;")&9""'%#%
"#$9.E+-%&'..+%4>5(

c'..+%4>%Z%;");"#)%#.%0+"+D'"'%+.'+E)"#)%&'..'%
,#$9"'%+%"'*&'"'%#,;)$$#N#.'%.+%E"+$,#$$#)*'%&#%
$'6*+.#%+%Q'.)0#ER%$9;'"#)"'%+%K9'..+%&'..+%.90'5%



M")N.',#%+;'"-%
•  7+%4>%*)*%$;#'6+%#.%0)..+$$)%&'..+%(9*I#)*'%&#%
$E+E)5%

•  4+*0+%9*+%E')"#+%K9+*-$-0+%&'..+%6"+Q#E+I#)*'5%

•  4+E'"#+%)$09"+%
*'..1j*#Q'"$)G%,+$$+%
,+*0+*E'%)%.'66'%&'..+%
6"+Q#E+I#)*'%&+%
"#Q'&'"'?%

%

4,+'.%,(
&.)%#,.%,(

678(
4,+'.%,(
&*3".,(
978(



f#N.#)6"+O+%

•  a5%_#*$E'#*G%$!/(:)%"C@*L'<,'%3%,&!*5%)./2(:)(V%
f)..+-%f)"#*6P#'"#V%\)"#*)%<2^u%

•  85!5%8P#"+"&#G%U&J,++0%("(*(//!*+(#"!*5%*V%,V%%
`.%X+66#+E)"'V%4#.+*)%<22u%

•  `.%Q)$E")%.#N")%&#%E'$E)%&#%O$#0+v%


