A MOTOR CONTAINS A 1LOof THAT IS TURNWNG THROUGH A UNIFORM MAGNETIC
FIELD A LOOFP TURNING THROVGH A UI/VIFORM MAGNETIC F1ELD IS ALsO HOW A
GENERATOR WORKS, AS THE CHANGING- FLUX THROVGH THE LO0P L£LECTROMAGNETICALLY
IMDUCES A CURRENT IV THE 1a0f. FOR A MOToR , THE INDVCED L1 )5 ONDESIRARLE
AS )T FIGHTS THE EMF THAT )S DRIVING THE MOToR. FOR THIS KEASON /7 /S cAuep

A “BACKY EME . THE PORPOSE OF THIS QUESTION IS T MODEL SUCH A BACK EriF

A COIL CONSISTING OF A LoofS OF AKREA A TURNS AT- A RATE OF W DEGREES pLER 1
SECOND THROVGH A UNIFORI PMAGNETIC FIELD OF STRENGTH B . THE L0OP /S
ORIENTED SO THAT AT 6=0° THE NORMAL VECTOR 70 THE [O0F ABINTS 1N THE SAME DIRECTIoN
AS THE B-FIELD AND AT 6 =90° THE NoRMAL VECTOR To 7HE [o0/° poiiTs AT 90° TO TyE
B~FIELD [0) FIND AN ExFRESS JoN FOR HOW THE AREA THROUGH WHICH THE B-FIFLD
PASSES CHANGES WITH TIME , GIVEN THAT THE B-FIELD PASSES THROUGH THE ENTIRE
AREA AT +=0s (8=0") AND THROUGH NONE oF THE AREA AT ©=00° YOUR LXARESSIoN
SHOULD BE 1N TERMS 0F A, w AND &= WHERE 0 =wt (| e WHERE THE ANGLE ©=0" AT
+=0 AND ©=360° AT TIME ¢ = %/fjo ) /b) HENCE DER) VE AN EXPRESSION JOR THE
INDUCED EMF (THE BACK £19F [N A MOTOR) IN TERMS OF A\B\N 00 AND € (c) A /70Tok
CONSISTS OF /00 [00PS OF AREA 10 cm™ TuRNING THROVEU A O] T B-FIELD AT

A RATE OF J000° PER sECoNp . WHAT 1S THE MAX MU BACK EPF 1WDOcED 1N THE MOTORL
(L) A 1MODIFICATION TO THE MOTOR IS SUGGESTED WHERE THE COIL DOES No7~ ROTATE,
BUT 1S INSTEAD HELD AT & =0° (S0 THE B-FIELD PASSES THROUEA THE ENTIRE AREA)
AND Mo vED LEFT, RIGHT, UP 0R DOWN AT A VELOCIT ¥ v =)000mls . WHAT EMF

WOULD BE JNpucED IN THE G/l FOR THIS SET-UPL
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(a) (¢c) THE AREA THROUGH WHICH THE B-FI£LD PASSES /S Al AT 6=0" AND O AT
&=90° SKETCH THIS SITUATION | TAKING CARE T0 SKETCH THE DIRECTION oF B AND
THE DIRECTION OF 2 (THE AREA NORMAL VECTOR) AS & (THE ANGLE BETWEEN A AND §)
CHANGES . (i) CAN YoU SEE THAT THE AREA Will BE —IA| AT 6 =/80°AND O AT 6=1%7
(us) WHAT FONCTION FoR A OBcYs Al =0°) =14),Ale=90°) =0 Al9=180)= ~IA],

A(6=270°) =07 () SVBSTITUTE N FOR O =it /1 vouR EXPRESSI0N FOR AlB)

() () TAKING YOUR EXPRESSION FoR Al+) FROM FART (o) WRITE powN
AN EXPRESS ION FOR @, THE 1IAGNETIC FLuxX (ie. THE AREA THROUGH
WHiCH BAASSES MoLTIPLIED BY 18)) (i) TO CHECK YouR ANSWER WiTH
MORE FORMAL 1PMATH YoU CollD USE THE DbT PRODUCT To WRITE
LOWN § ng IN TERMS OF & (THE ANGLE BETWEEN B AND OZZ ) AND THEN
JNTEERATE OVER (A To 0BTAIN ., =/, B A (i) EITHER WA Y v MAVE
AN EQUATION FOR ) (£)... FARADKYS IAW STATES € =- O%”’) so WYAT IS
THE VALUE FOR JE€) | THE MAGNITUDE OF THE Back EMF S (i) You MAY
HAVE DERIVED AN EXFRESSION FOR THE FLUX THROVGH one Loof. . HOW
WOULD THE TOTAL AREA, AWD SO THE TOTA L FLUX ) AND S0 YOUR EXFRESSIon,
CHANGE FOR /) looPs (e FORA COIL)

() (i) ALGEERAICALLY, WHAT 15 THE MAXIMIM POSSIBLE VALVE FOR €, BASED ON

THE EQUATION  You DERIVED /W FART (5)§ (i ) SUBSTITUTE IN THE NUMBERS, TAKING
CARE 70 REMEMBER THAT 03 /S GIIEN IN DEGREES JseC BUT THE S] UNIT S RADINS Jsec

(L )0) SKETCH THE DESCRIBED SET-UP /M ARDVE, DEPICTING- THE DIRECTIONS OF A 5 AND & (COHOW [0ES

ST A CHAMGE WITh TIMER (50 SO, WHAT 152227 (1) SO, WHAT 15 €= 24827

2012-10-23 16:28:26 2/2 BackEMFQuestion (2/2)



