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4

5

 6 7
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8 7 6 5
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1,5cm 1,5cm1,5cm 1,5cm

       13cm

5,5cm

2cm 2cm
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REDE

   127V/60Hz

+

L3

LEGENDA:

4x1N4007

L1, L2, L3 Lâmpadas 1, 2 e 3, respectivamente.

L2L1
12Vx1A

  7808

F 2200µ  0,1µF

1

2

3

H#Ý �¸­�±¯º�î¦í�Ú\Ýç±êì;­�Ýç®ê¬»³�µUº¸½çÝ �»µ[ãÁ®ùº¸ä%�¸¬I³&ºÓá_½ . �´ß&º¸³&ºÓá[ï
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Ú\¬¸½¿¬�ì;¬0­�ô á²µ $!ì[¬��1¬.º¸­ C¦ëç½¿Ýç¬Ä³�¬ ��­�ßà¬¸±²®¯µqµ � Ú $�­���º�³¦Ý¿á²® .¸ã�ì;ÝÜº�µ;ã!®ê±êµq¬	µ[½çµ;®ê±ê¬0ë � �Äµ
º�½ . �´Ýçã&º

*�µ[±²±ê¬���º �0ã¦ÿ;®¯Ýçìåº $!³�µ *�¬0± ��º">!­�µAº.º¸±êµ;á²®ùº	áê­�ßàµ;±êÝ¿¬¸±\³�¬�º¸ãÁ®¯µ[ß�º¸±ê¬.¬0ß&ºÓì[¬E8&ìåº¸á²áêµAã�¬.½¿Ý �´Ýñ®êµqÝçã$*�µ[±²Ý¿¬0±
³&º�Û¸±êµ[º�³�µdì[º¸ß¦®ùºÓä��¸¬�³�¬ á²µ[ã�á²¬0± *�¬¸®ê¬�µ[½¿ÿK®¯±²Ý¿ì[¬¦ï �?¬ ��¬0­�ô áêµdº ��µ;³�Ý¿³�º,µ;ã!®ê±êµ º�°&ºÓáêµdáê­�ßàµ;±êÝ¿¬¸±
³�¬�½çµ;æ�Ýñ®ùº¸³�¬¸±Iµ�º(°&º¸á²µ�³�¬ ��­�ßà¬0± ®¯µ�µ%� Þ 1�³�Ý¿á ®<.¸ã�ì;ÝÜº ®¯¬¸®¯º¸½ 4 $sì[¬¸ã$*�¬0± �´µ�º ì[¬¸®¯º ®¯±êº¸ì[µ ¼êº¸³&º ã&º
H#Ý �0­�±¯º � ï �wµ;ßà¬0Ý¿á $ *�¬¸±¯º �a³&º¸³&º¸áÄ³�µ 6Iæ0¬0½ñ®ùº¸áAì;¬�� ¬�ß&º¸±¯º *�­�áê¬*µ�®ê¬���º¸³&º%º �´µ[³�Ýç³&º%³�º ��µ;á ��º
*�¬0± ��º�³�µ;áêì;±êÝç®¯º´º¸ì;Ý ��º¦ï 5 ß�±²¬�ì[µ;³�Ý �´µ[ãÁ®¯¬´º¸ì;Ý ��º *�¬0Ý�±²µ[ßàµ;®êÝ¿³�¬:>!­&ºÓ®¯±²¬»æ0µ/6;µ[á;ï

�#ºÓ±¯º»á²µU¬¸°¦®¯µ;±qº»½¿º¸± �0­¦±¯º�³�¬´µ;ã!®ê±êµ�*�µ[±ê±²¬ $&­¦®¯Ýç½¿Ý 6åº�ôÏáêµÄºIµ/>!­&º¸ä%�¸¬

le = dt − (h + s) ,
1yð	4

¬0ã�³¦µ
dt

ÿqºÄ³¦Ý¿á²® .¸ã�ì;ÝÜºAµ;ã!®ê±êµqºÄ°�º¸áêµ_á²­�ßàµ[±²Ý¿¬0±e³�¬�½¿µKæ�Ýñ®ùº¸³¦¬0±#µqºA°&º¸áêµ_³¦¬���­�ßà¬0± ®¯µ µ%�1Þ 1�³�Ý¿á ®<.¸ã�ì;ÝÜº
®¯¬Ó®ùº¸½ 4 $

h = 51, 36mm
ÿ�º%º¸½ñ®¯­�±¯º´³�¬%µ;½¿µ;®ê±ê¬0ë � �´µ

s = 6, 34mm
ÿ�º�µ[á²ßàµ[á²áê­�±¯º�³&º�ß�½¿ºÓ®ùº *�¬0± ��º

®¯±²ÝÜº¸ã��0­�½¿º¸±
ì;¬�� º%½ . �´Ýçã&º!*�µ;±ê±²¬���º �0ã�ÿ;®êÝ¿ì[º�µ�¬ ��­�ßà¬0± ®¯µIµ �PÞ�ï �wá²áêÝ � $Cìåº¸½çÝ¿°�±²¬0­�ôÏáêµ.¬�ß&º¸±êº+*�­�á²¬
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�?º¸°àµ;½Üº�ð0ísé�µ[³�Ýç³&º¸á_­¦®êÝ¿½çÝ76åº¸³�º¸áDã&º»ì[º¸½¿Ýç°�±¯ºÓä��¸¬�³�¬´ß&ºÓ±¯º+*�­�á²¬�ï
)LM �´µ[±²¬´³�µÄæ0¬0½ñ®ùº¸á

dt(mm) dt − (h + s)(mm)
é�µ[³�Ýç³&º´º»ì[º¸³&º»³¦µ/6�æ0¬¸½ç®ùºÓá"1�� � 4

· ó¦ð�$ ¹ ¶ ��$ ò ¶ ��$ ò.ôqðõÀ $ ó�� ¹�$çð
ðå· À�� $ � ðõÀ $ ó ðõÀ $ ó.ôqð0ð�$ËÀ�� ¹�$çð
¶Ó· ¹0ò�$ î ð0ð�$ËÀ ð0ð�$ËÀ	ô � $ î�� ¹�$ �
�¸· ¹���$ñð � $ î é�ÿ;³�ÝÜº�� ¹�$ ¶

ºÓ®ê±¯º¡æ0ÿ;á\³&º¸á ��µ;³�Ý¿³&ºÓá�áê­���ºÓ±êÝD6[º¸³&º¸ásã&º �?º¸°àµ[½¿º ð ï 5 °¦®¯µKæ0µKô á²µ
6, 2mm

º	ì[º¸³&º.³¦µ/6
æ0¬0½ç®¯º¸á%$�µ;ã!® �Ó¬ $
­ ��ºIæ0¬¸½ç®ùºI±²µ[áê­¦½ç®ùºÓ±¯Û»ã!­ ��³¦µ[áê½ç¬�ìåº �´µ;ã!®¯¬´³¦µ

0, 62mm
ï � �0¬0±¯º $�®¯µ;ã�³�¬ÓôÏáêµU¬´ß&º¸á²áê¬�³�¬´ß&º¸±êº+*�­�á²¬ $

ßà¬�³�µ6ô áêµ *ªº�6[µ;±qº»ì[º¸½¿Ýç°�±¯ºÓä��¸¬�³�¬:*�¬¸®ê¬0áêá²µ[ã�á²¬0±[ï
Ú\¬¸½¿¬�ì[º¸ã�³�¬_¬qß&º¸±êº+*�­�á²¬qã&º_³�Ýçá²®<.Óã�ì[Ý¿º ��Û C�Ý ��º

dt

� ó¦ð�$ ¹ � � µsº¸ã�¬Ó®ùº¸ã�³¦¬q¬_æ�º¸½¿¬0±�³&º ®¯µ;ã�á��Ó¬
³�µ
á¯ºÓë¿³&ºU³�¬E*�¬Ó®¯¬0á²áêµ[ã¦áê¬0± $'*�µ 6KôeáêµqæÓº¸±²ÝÜº¸±sº	³�Ýçá²®<.Óã�ì[Ý¿ºUµ;ã!®¯±²µw¬.µ;½¿µK®¯±ê¬¸ë � �ÄµAºU½ . �´Ýçã�º *�µ[±²±ê¬���º �0ã¦ÿ;®¯Ýçìåº $
*ªº�6;µ[ã�³�¬*¬�ß&ºÓ±¯º+*�­�á²¬*á²­�°�Ý¿± $�³&º¸ã�³�¬�³�µI­ ��º%µ � ­ ��º�æ0¬0½ñ®ùº�µ $Eº%ìåºÓ³&º%æ0¬0½ñ®ùº�³&º¸³&º $P*�¬0Ý#º¸ã�¬¸®¯º¸³�¬
¬%æÓºÓ½¿¬0±w³�º%®êµ[ã�á �¸¬*³�µ�á¯º¸ëç³&º�³�¬ *�¬¸®¯¬¸áêáêµ;ã�áê¬¸±[ï ��á²®êµ»ß¦±ê¬�ì[µ;³�Ý �´µ[ãÁ®¯¬�*�¬0Ý?±êµåºÓ½¿ÝD6[º¸³�¬%ºÓ®êÿ�¬�áêÝ¿ã�º¸½?³�¬
*�¬¸®ê¬0áêá²µ[ã�á²¬0±Iº¸ß�±êµ;áêµ;ã!®¯º¸± �I­¦Ýç®¯¬�±²­�ë¿³�¬¦ï � ½¿º¸± �¸­�±¯º�³�¬ µ[ãÁ®¯±êµ�*�µ[±²±ê¬I*�¬0Ýs¬0°¦®êÝ¿³&º�³&º �´µ[á ��º *�¬0± ��º
³�µ;áêì[±²Ýç®¯º´º¸ã!®êµ[±²Ý¿¬0± ��µ;ã!®êµ $�ßàµ;½ÜºIµ >�­�º¸ä��Ó¬I1 ð 46ï

�
ßàµ[áêº¸±»³�µ*á²µ*®êµ[±��´µ[½¿¾¦¬0±¯º¸³¦¬ º �´µ[³�Ýçä��Ó¬d³&ºd½Üº¸± �0­�±¯º£³�¬ µ[ãÁ®¯±²µ *�µ[±²±ê¬(ì;¬�� ºd­¦®¯Ýç½¿Ý76[º¸ä��Ó¬ ³�¬
ß&º¸±êº+*�­�á²¬.³�¬���­¦ßà¬0±²®¯µ
µ �bÚ $ *�¬¸Ýà¬¸°�áêµ;±²æÓºÓ³�¬�­ ��µ[±²±ê¬ >!­�µwßà¬�³¦µ[±¯Û	ì[º¸­�á¯ºÓ±\­���º��0±êº¸ã�³�µ
³¦Ý7*�µ[±²µ[ã�ä[º
ã�¬0áJß&º¸±9. ��µK®¯±²¬0áJº áêµ[±²µ%��ìåºÓ½¿ì[­¦½Üº¸³¦¬0á[íJº¸¬_á²µ �0Ý¿±êº¸±C¬_ß&º¸±êº+*�­�áê¬�$Óº ß¦½ÜºÓ®¯º+*�¬0± �´º�®¯±²ÝÜº¸ã��0­�½ÜºÓ±CÝçã�ì[½çÝ¿ã�º�ôÏáêµ
­ �1ßà¬0­�ì;¬	µ � ±²µ[½¿º¸ä��¸¬UºÓ¬Uß�½¿º¸ã�¬�¾�¬0±²ÝD6;¬0ã!®¯º¸½ûï �#º¸±¯ºÄì[¬��´ßàµ[ã�áêº¸±zµ[á²®êµ
ß¦±ê¬0°�½çµ%��º�$�*�¬0Ý&º¸ì[±²µ[áêì;µ[ãÁ®ùº¸³�¬
1mm

@I³�Ý¿á ®<.¸ã�ì;ÝÜº ��Û C�Ý ��º
dt

µ $&ã&º!�´µ[³¦Ý¿³&º�áêµ �0­�Ý¿ãÁ®¯µ $ *�¬0ÝJº¸ì;±êµ;áêì[µ;ã!®¯º¸³�¬
1, 16mm

$�ã&º»ß¦± �=C�Ý ��º
�´µ[³�Ýç³&º�$

1, 32mm
µDºÓáêáêÝ �4ßà¬0±?³�Ý¿º¸ã!®êµ $0º�®¯ÿ;>!­�µ º M�½ñ®¯Ý �´º#��µ;³�Ý¿³�ºq®êµ[ã�¾�ºw­ � ºÓì[±êÿ;áêì;Ý �´¬w³�µ

7mm
ï

��á²®êµUß�±ê¬�ì;µ[³�Ý ��µ;ã!®ê¬»®ê¬��´¬0­*ì;¬��´¬»±êµ�*�µ[±9,;ã�ì[Ý¿º»¬´ì;µ[ãÁ®¯±ê¬´³&ºI°&º¸áêµ�³�µUºÓ®¯­�º¸ä��¸¬»³�¬»µ[½¿µK®¯±²¬0ë � ��ï
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H#Ý �0­�±¯º!��í�âÄ±¯Û 8&ì[¬»³&ºI®êµ[ã�á �¸¬ �0µ[±êº¸³&ºIßàµ[½¿¬ *�¬¸®ê¬0áêá²µ[ã�á²¬0±_æ0µ;±ê³�µUµ � *�­�ã�ä%�¸¬´³&º»³¦Ý¿á²® .¸ã�ì;ÝÜº¦ï
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H&¬¸Ý *�µ[Ýç®ê¬A­ � �¸±¯Û+8&ì;¬Ä±êµ;½Üº¸ì;Ý¿¬¸ã&º¸ã�³�¬AºA½¿º¸± �¸­�±¯º
µ[ãÁ®¯±²µ *�µ;±ê±ê¬Äµ_º
®¯µ;ã�á��¸¬Ä³&ºAá¯ºÓë¿³&ºw³�¬A*�¬Ó®¯¬0á²áêµ[ã¦áê¬0± $
ã�¬�Ê¡Èy÷6Í��sÎ¸öùø ��ì[Ýç½Üº¸° $0ì[¬¸ã$*�¬0± �´µ º�H#Ý �¸­�±¯º � $Áß&ºÓ±¯ºÄá²µq¬¸°¦®¯µ;±sºAì[­�± æÓº�³�µ_ì[º¸½¿Ýç°�±¯ºÓä��¸¬A³�¬ *�¬Ó®¯¬0á²áêµ[ã¦áê¬0±;ï

� � :�<�B 9;TUXUB_O <�T G S[H��UO S[Z\T <�: Q�BDR�S658T	<�:�>
)wº�H#Ý �0­�±¯º ¹ $E¾&Û�­ � µ[á9>!­�µ ��º*áêÝ �´ß�½çÝ 8&ì[º¸³�¬�³�º*½¿µKæ�Ýç®¯º¸ä��¸¬�ì;¬��P­�� �0±êº¸­ ³�µ»½¿Ýç°àµ[±ê³�º¸³�µ $�ì[¬��´¬
æ0µ%� áêµ;ã�³�¬!*�µ;Ýç®¯¬I¬»®ê±¯º¸°�º¸½¿¾�¬¦ï �¦º¸°àµ6ô áêµ�>�­¦µ	º *�¬¸±êäåº���º �0ã�ÿK®¯Ýçìåº�ÿ�³&º¸³&ºIßà¬0±[í

T
en

sã
o 

v(
t)

i(t)

le

m

Fp=mg

Fm

H#Ý �¸­�±¯ºI¹¦í �wÝ¿º �0±êº ��º�á²Ý �´ß�½¿Ý 8&ìåº¸³¦¬I³&º»½çµ;æ�Ýç®¯º¸ä��Ó¬»ì;¬�� ­�� �0±¯ºÓ­�³�µ�½çÝ¿°àµ[±²³&º¸³�µÓï

Fm =
−i2

l2e
Km ,

¬0ã�³¦µ
Km

ÿ�­ ��ºIì[¬¸ã�á²®ùºÓã!®¯µ�µ
le
ÿUº»½¿º¸± �0­¦±¯º�³�¬´µ;ã!®ê±êµ *�µ;±ê±²¬�ï

v =
dle
dt

e a =
d2le
dt2

.

�?µ;½Üº�8 �0­¦±¯º�$
∑

F = FP + Fm .
1û¶�4

�
µ	º¸ì;¬0±ê³¦¬´ì[¬ � ¬ ��±²Ý¿ã�ì;ë¿ß�Ýç¬I³&º � ­�º¸ã!®êÝ¿³&º¸³¦µÄ³�µ	é�¬õæ�Ý �´µ;ã!®¯¬¦í

p := mv ,

¬0ã�³¦µ
m
ÿUº���º¸á²á¯ºIµ

v
ÿUºIæ0µ;½¿¬�ì;Ý¿³&º¸³¦µ¸ï �wµ	ºÓì[¬0±²³�¬´ì;¬���º ��µ%�¸­�ã�³&º´ÞEµ;ÝJ³�µ")
µ�� ®¯¬0ã*®¯µ%�Iô á²µ¸í

dp

dt
=

∑

F

∑

F = m
dv

dt
+

dm

dt
v ,

1 �%4
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¬0ã�³¦µ º ³�µ;±êÝçæ�º¸³&º dm

dt

á²µ[±êÛ ã�­�½¿º ­���º�æ0µ/6 >!­�µ ã¦µ[á²®êµ ½çµ;æ�Ýç®¯º¸³�¬0±*º¸áêá²­ �´µKô á²µ >!­�µ,º ��º¸á²á¯º ÿ
ì[¬¸ã�á²®¯º¸ã!®êµ¸ï �8¬0±²®ùºÓã!®ê¬�í

m
dv

dt
=

∑

F

m
d2le
dt2

= FP + Fm → m
d2le
dt2

= mg − Km

i2

l2e

d2le
dt2

= g −
Kmi2

ml2e
5 ßà¬¸ã!®¯¬»³�µ�µ/>!­�Ýç½¿ë¿°¦±êÝç¬�¬�ì[¬¸±ê±êµ >�­�º¸ã�³�¬

dle
dt

= 0 e
d2le
dt2

= 0
1ªîN4

µ[ãÁ® �¸¬¦í
0 = g −

Kmi2

ml2e

Kmi2

ml2e
= gl2e =

Kmi2

mg

le = |i|

√

Km

mg

1 ��4

� = TÄ> �UO BD5J>?:.^ <*T =W:.^JS;hDi�: <�BNV��´7�S;9K3;c�>#S;:
5 �0±êÛ+8&ì[¬!��¬¸á²®¯±êº¸³�¬Iã&º!H#Ý �0­�±êº � ã�¬0á_ßàµ;± �´Ýç®¯µA¬0°¦®êµ[±_¬IæÓº¸½ç¬0±

le
ã�º»ßà¬0áêÝçä��Ó¬´ì;µ[ãÁ®¯±¯ºÓ½ûí

le = 17, 20mm,

¬0ã�³¦µ
le
ÿ �´µ[³�Ýç³�¬Iã�¬´ì;µ[ã!®ê±ê¬´³&º»°&ºÓáêµU³¦µ	º�®¯­&º¸ä%�¸¬»³�¬´µ;½¿µK®¯±ê¬¸ë � �¦ï

)qµ[á ®ùº,ßà¬0áêÝçä��¸¬,ßà¬�³¦µKô á²µd³¦µ;®¯µ;± �´Ý¿ã&ºÓ±�¬0á%ß&º¸±9. �´µ;®¯±²¬0á�ã¦µ[ì;µ[áêá¯ÛÓ±êÝ¿¬¸á�ß&ºÓ±¯º ¬,ì[¬0ãÁ®¯±ê¬¸½¿µ£³¦µ ­ �
�0±êº¸­�³¦µ	½çÝ¿°àµ;±ê³&ºÓ³�µ�³�¬´½¿µ;æ�Ýñ®ùº¸³�¬¸±[ï �?¬¸±êÿ%� $&µ[á²®¯º �´µ[³¦Ý¿³&º�*�¬0ÝJµ;ã�ì[¬0ãÁ®¯±êº¸³&º�º¸ß �0áq¬�ºõ¼²­�á²®êµ	³¦µUæ�º¸½¿¬0±
³�µKæ�Ýç³�¬ @	Ýçã�ì[½çÝçã&º¸ä��Ó¬�³&º	ß¦½ÜºÓ®¯º+*�¬0± ��ºA®¯±²ÝÜº¸ã��0­�½¿º¸±�µ ��±êµ;½ÜºÓä��¸¬	º¸¬	ß�½¿º¸ã�¬U¾�¬0±²ÝD6;¬0ã!®¯º¸½ $Áº¸¬	áêµ
ì[º¸½¿Ýç°�±¯º¸±
¬ *�¬¸®¯¬¸áêáêµ;ã�áê¬¸±[ï��zãÁ® �¸¬�$%*�¬0Ý'*�µ[Ýñ®¯¬Ä¬�ìåÛ¸½çì[­�½ç¬Äß&º¸±êºÄáêµ_¬0°¦®êµ[±sº �´µ[³¦Ý¿³&ºAáêµ �1µ[á²®êµ
ºõ¼²­�á ®¯µ $!¬¸°¦®¯µ;ã�³�¬ÓôÏáêµ¸í

lep
= 13, 24mm,

lep

ÿ�º �´µ[³�Ýç³&º ¬0°¦®êÝ¿³&º ì;¬�� ¬ ß&ºÓ±¯º+*�­�á²¬�ï �?¬0±²®¯º¸ã!®ê¬ $zì[¬0½ç¬�ìåº¸ã¦³�¬(ºdß�½Üº�®ùº+*�¬¸± ��º�®ê±êÝÜºÓã �0­�½¿º¸±	ã&º
³�Ýçá²®<.Óã�ì[Ý¿º

13, 24mm
ì;¬�� ¬»ß�º¸±¯º *�­�áê¬ $¦¬0°¦®¯ÿ �Iô áêµAµ%� ±²µ[½¿º¸ä��¸¬Iº¸¬»ì;µ[ãÁ®¯±²¬´³&º�°&º¸áêµÄ³�µ�ºÓ®¯­&ºÓä��¸¬I³�¬

µ[½çµ;®ê±ê¬0ë � �
17, 20mm

ï
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�
	�� ��� vyrutwvy��xwp1rC���¦�¦{J}��¦{�}w�1{Jvy{C���¦���²� 
1}wp1�	�z���y��
z� xw{|{��Dt
� v����w�¦� �
�wÛ�­ ��º�ì;¬0±ê±²µ[ãÁ®¯µI>!­�µ $
º¸¬ ß&º¸áêáêº¸±%ã¦¬0á�µ[ã�±²¬0½Üº ��µ;ã!®¯¬¸á�³�¬,µ;½¿µ;®ê±ê¬0ë � ��$;*ªº�6 º *�¬0±êä[º ��º �0ã�ÿK®¯Ýçìåº
º¸ã!­�½ÜºÓ±_º�*�¬0±êä[º!�¸±¯º¡æ�Ýñ®ùº¸ì;Ý¿¬0ã&ºÓ½u³&º»ß�½¿ºÓ®ùº *�¬0± ��º	®ê±êÝÜºÓã �0­�½¿º¸±\µ $¨ºÓáêáêÝ � $¦µ;á²®ùº»µ[á ®ùº¸±êÛ»µ%� µ/>!­�Ýç½¿ëç°�±êÝç¬¦ï

�#ºÓ±¯º»áêµ	ì[º¸½çì[­�½¿º¸± µ[á ®ùº´ì[¬¸±ê±êµ;ã!®¯µ $à³�µ;ã�¬��´Ý¿ã�º¸³&º
i0
$&­¦®¯Ýç½¿Ý76;¬0­�ôÏáêµ�º»µ/>!­&º¸ä%�¸¬�¬¸°¦®¯Ýç³&º»ã¦¬ ��±ê¬�¼²µ;®ê¬

³�µ	âÄ±¯º¸³�­�º¸ä��¸¬01 ��Ý¿½ñæÓº�µK®
º¸½ûï&¶¸·¸·¦ð	4Kí

Fm = −1, 782π × 10−5 ×
i2

l2e

1 ¹%4
¬0ã�³¦µ

|i| =

√

mg × l2e
1, 782π × 10−5

,
1ûÀ�4

m
ÿ�º ��º¸áêáêº ³&º(ß¦½ÜºÓ®¯º+*�¬0± ��º£®¯±²ÝÜº¸ã �¸­�½ÜºÓ±%$zµ � >!­�Ýç½¿¬��¸±¯º ��º $z³�Ýñæ�Ýç³�Ý¿³�ºdßà¬¸±I®¯±9,;á%$\ì[¬¸ã�áêÝç³�µ[±êº¸ã�³�¬

ìåºÓ³&º.æ0ÿ[± ®¯Ý¿ì;µÄ­��bì[¬0±²ßà¬IÝ¿á²¬0½Üº¸³¦¬ �
le
ÿÄº ��µ;³�Ý¿³&º	³&º�ßà¬0á²Ý¿ä��Ó¬I³¦µÄµ >�­¦Ý¿½¿ëç°�±êÝç¬	µ%�b±²µ[½¿º¸ä��¸¬�º¸¬Iì;µ[ãÁ®¯±ê¬

³&º�°&ºÓáêµ£³�µ£ºÓ®ê­&º¸ä��Ó¬ ³�¬ µ;½¿µK®¯±ê¬¸ë � ��$�µ � ��µK®¯±ê¬¸á �
i
ÿ£º�ì;¬0±ê±²µ[ã!®êµ£ã�¬ µ;½¿µK®¯±ê¬¸ë � � µ � º ��ß	�;±êµ;á �

g = 9, 788m/s2
ÿ�¬dæÓºÓ½¿¬0±�³�º �0±¯ºåæ�Ýç³&º¸³¦µ �´µ[³�Ýç³&º ã&º�
 � "wþ�$ *�¬0±êã¦µ[ì[Ýç³&º ßàµ[½¿¬ ��±ê¬�*�µ;áêá²¬0±�þ¸¬0áêÿ


 ��°àµ;±²®¯¬�Ú\Ýçã�µ[½ç½¿ÝCÞE¬¸°à¬ �wµ 5 ½¿Ýçæ0µ;Ý¿±êº.³�¬ � ã�á ®¯Ýç®ê­¦®¯¬»³�µ"H#ëçáêÝ¿ì[º¦ï �
áêá²Ý ��í

i0 = 1, 41A .
1 ó�4

�
	�� � {Jxw�y��
z� x
p ru�z����{J}���{ }
� {Jvy{C������� � 
 }wp �	�z���y��
z� x
{�{��\tw�yv�� �
��� �
�#º¸±êº �´µ[³�Ýç±?ºqì[¬0±²±êµ;ã!®¯µ�ã�¬wµ;½¿µK®¯±ê¬0ë � �_ã�º
ßà¬0áêÝçä��Ó¬w³�µ�µ >�­¦Ý¿½çë¿°�±²Ý¿¬�$õ½¿Ý �0¬0­�ô á²µsá²¬��´µ[ãÁ®¯µ�¬wµ;½¿µK®¯±ê¬0ë � � ³�¬
*�¬¸®ê¬0áêá²µ[ã�á²¬0±sì[º¸½çÝ¿°�±êº¸³�¬!1�±êµ�*�µ[±êµ;ã�ì;ÝÜº¸³�¬�ì[¬ ��¬Aæ0µ[±ê³¦µ=4�ã!­ ��º *�¬0ã!®êµ_³�µ_ì;¬0±ê±²µ[ãÁ®¯µqºõ¼²­�á²®ùÛåæ0µ[½ ï �Wß�½¿ºÓ®ùºõô
*�¬0± ��º�*�¬0Ý¨ì[¬0½ç¬�ìåº¸³�º	ã&º.ßà¬¸áêÝ¿ä%�¸¬.³�µwµ >�­¦Ý¿½¿ëç°�±êÝç¬Uì;¬0ã�á²Ý¿³�µ;±¯º¸³&º 1

le = 17, 20mm
4 $¦º¸ßà¬¸ÝÜº¸³�º	ã¦¬�ß&ºÓ±¯º�ô

*�­�á²¬
³�¬ ��­�ßà¬0± ®¯µsµ ��Úwï �wµ;æ�º �Áº¸±8µzì[­¦Ý¿³&º¸³¦¬0á¯º �´µ;ã!®¯µ $ �¸Ý¿±²¬0­�ô á²µ�¬q°à¬¸® �¸¬_³&º *�¬0ã!®êµ $Óº¸­ �´µ[ãÁ®ùº¸ã�³¦¬Óô á²µ
ß�±²¬��0±êµ;áêá²ÝçæÓº ��µ;ã!®¯µ
º�ì[¬¸±ê±êµ;ã!®êµ >!­�µ
ß&ºÓáêá¯ºUã�¬	µ;ã�±ê¬0½¿º �´µ[ãÁ®¯¬�³�¬	µ;½¿µ;®ê±ê¬0ë � ��$0¬0°�á²µ[± æÓº¸ã�³¦¬�¬�æÓº¸½ç¬0±�³&º
ì[¬¸±ê±êµ;ã!®êµ">!­�µ�*ªº+6UºIß�½ÜºÓ®¯º+*�¬0± ��º.á¯º¸Ýç± ³�¬´µ >!­�Ý¿½çë¿°�±²Ýç¬Iµ�ß¦±êµ[ã¦³�µ[±yô áêµUã�¬»µ[½¿µK®¯±²¬0ë � � $¦¬¸°¦®¯µ;ã�³�¬ÓôÏáêµ¸í

i0m = 1, 54A ,
1 ò�4

>!­�µU³�Ý *�µ[±²µ�µ � ì[µ;±êìåº»³�µUò�
 ³�¬»æÓºÓ½¿¬0±Dìåº¸½çì[­�½¿º¸³�¬ 1 ó 4Kï

�
	 � ��� vyrutwvy��xwp1�y}wxwt_� �s}
rC�yp�xw�1{Jv {C���¦��� � 

)
¬%³�Ý¿º �0±êº ��º´µ;á9>!­�µ%��ÛÓ®êÝ¿ì;¬�³�¬%µ;½¿µK®¯±ê¬¸ë � ��$¨ã&º H#Ý �0­�±¯º À $ußà¬�³�µKôÏáêµ�¬0°�á²µ[±²æ�º¸±A¬

gap1

$C¬
gap2

µ.¬
gap3

1��ÁÎ���è µ;ã!®¯±²µ *�µ;±ê±ê¬¦íÄßàµ/>!­�µ;ã�¬�µ[á²ß&º¸ä[¬�³�µ»º¸±Äã�¬*ì;Ý¿±²ì[­�Ýñ®¯¬ ��º �0ã¦ÿ;®¯Ýçì[¬N4 $�±²µ[ß�±²µ[á²µ[ã!®¯º¸³�¬¸á	ßà¬0±
g1

$
g2

µ
g3

$�±êµ;áêßàµ[ìK®¯ÝñæÓº �´µ[ãÁ®¯µ¸ï
5 °¦®êµ;æ0µ6ô áêµU¬»ì[Ý¿±²ì[­�Ýñ®¯¬Iµ[½çÿ;®ê±êÝ¿ì;¬»µ >!­�ÝçæÓºÓ½¿µ;ã!®¯µ�³¦¬´µ[½çµ;®ê±ê¬0ë � � $�±êµ;ß�±êµ;áêµ[ãÁ®ùº¸³¦¬�ã&º:H#Ý �0­¦±¯º ó ï

S1 = S2 = 1, 82 × 10−4m2 ,á��Ó¬�º¸áqÛ¸±²µåº¸á_³¦¬
gap1

µ�³�¬
gap2

$&±êµ;áêßàµ;ì;®¯ÝñæÓº �´µ[ãÁ®¯µÓï

S3 = 2S1 = 3, 64 × 10−4m2 ,
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 �
�êÎ�� Ò������
�
È�ü��õÎ¸É��¸øùÊ������*ý�øÄÊ¡øKÍ ø��! [ö¯È�ý�ø"�$#%#'& ð0ð

g2 g3g1
S1   S2 S3

 Lâmina Ferromagnética

Eletroímã:

le

H#Ý �0­�±êº»À�í �wÝÜº �¸±¯º ��º.µ[á9>!­�µ ��Û�®¯Ý¿ì;¬´³�¬´µ;½¿µK®¯±ê¬¸ë � �

R1

R3

ø3

ø1 ø2

Nxi

R2
−

+

H?Ý �0­�±êºIó¦ísÚ\Ý¿±²ì[­�Ýñ®¯¬Iµ/>!­�ÝñæÓº¸½çµ[ã!®êµ�³�¬´µ;½¿µK®¯±ê¬0ë � �

ÿUº´ÛÓ±êµåºI³�¬
gap3

ï �wµUº¸ì[¬0±²³�¬´ì;¬�� 1 � ­�µ;æ0µ;³�¬�ð¡ò0óÁ¶�4 $

R1 =
g1

µ0S1

= R2 =
g2

µ0S2

e R3 =
g3

µ0S3

g1 = g2 = g3 = le

R1 = R2 =
le

µ0 × 1, 82 × 10−4

R3 =
le

µ0 × 3, 64 × 10−4
.

1yð¡·%4
Ú\¬ ��¬

R1

µ;á²®ùÛ
µ%�4ß&º¸±êº¸½¿µ;½¿¬qì;¬��
R2

µ
R3

µ;á²®ùÛ
µ%�4áêÿ[±²Ý¿µ�ì;¬���º ��°à¬0á%$�®êµ%�´¬0á >!­�µDº
±²µ[½¿­�®<.¸ã�ì;ÝÜº
µ/>!­�ÝñæÓº¸½çµ[ãÁ®¯µ�ÿ�³&º¸³�º»ßà¬0±;í

Req = R3 +
R1R2

R1 + R2

Req =
le

µ0 × 3, 64 × 10−4
+

( le
µ0×1,82×10−4 )

2

2( le
µ0×1,82×10−4 )
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�
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Req =
le

µ0 × 3, 64 × 10−4
+

le
2µ0 × 1, 82 × 10−4

,

Req =
le

µ0 × 1, 82 × 10−4

1 ð¸ð	4
�?¬¸±²®ùºÓã!®¯¬�$�³�µUº¸ì[¬¸±ê³�¬»ì[¬�� 1 �wµ[½��8¬0±ê¬*ð¡ò0ò¸î%4Kí

L =
N2

Req

1 ð¡¶�4

L =
N2 × µ0 × 1, 82 × 10−4

le
= 6, 5mH .

1 ð �%4
� ±²µ[áêÝçá²®9,[ã�ì;ÝÜº�³&º�°à¬0°�Ýçã&º�µ.³�¬0á 8&¬0áA³¦µ�ì[¬¸ã�µ�C��¸¬�³�¬%µ[½çµ;®ê±ê¬0ë � � *�¬0Ý ��µ;³�Ý¿³&º�ì;¬��a­ � ��­�½ç®êë ô

�´µ;®¯±²¬ $�±²µ[á²­�½ç®¯º¸ã�³�¬»µ%�
RL = 6, 2Ω

ï��wá²áêÝ � $&ºIì[¬0ã�á ®ùº¸ãÁ®¯µU³¦µÄ®¯µ%�´ßà¬»³�¬´µ;½¿µ;®ê±ê¬0ë � ��ÿÓí

τL =
L

RL

= 1, 05ms .
1 ðåîN4

� G :	H�Z�9[7*^��´B_^
�D®¯ÿd¬ �´¬��´µ[ã!®ê¬ *�¬0±êº � ß¦½Üº¸ã�µ ¼êº¸³&ºÓá%µd±êµ[º¸½¿Ý76åº¸³�º¸á%º¸á �´¬�³�Ý 8&ìåºÓä/B�µ[á%ã¦µ[ì;µ[áêá¯ÛÓ±êÝÜºÓá*ã�¬�½¿µKæ�Ýç®ùºÓ³�¬0±
ß&º¸±êº ��µ;½¿¾�¬0±êº¸±\¬I³�µ;áêµ ��ßàµ;ã�¾�¬´µA*ªº¸ì[Ýç½¿Ý ®ùºÓ±Dº�ì[º¸½¿Ýç°�±¯º¸ä%�¸¬.³�¬ *�¬¸®ê¬0áêá²µ[ã�á²¬0±[ï �?º ��°àÿ%� *�¬0ÝC±²µåº¸½çÝD6åºÓ³&º
º �´¬�³�µ;½Üº �0µ � ³&º�³�ÝçãQ. �´Ýçìåº µI*�¬0±êº � ¬0°¦®êÝ¿³�¬¸á%¬0á%æÓº¸½ç¬0±êµ;á�³�¬¸á*ß&ºÓ± . �´µ;®ê±ê¬0á%ã¦µ[ì[µ;áêá¯ÛÓ±êÝ¿¬¸á*ß&º¸±¯º
±êµ[º¸½¿Ý76åºÓ±D¬´ì;¬0ã!®ê±ê¬0½çµÄ³�µ�­ � �¸±¯º¸­*³�µ�½¿Ýç°àµ[±ê³�º¸³�µÄ³¦¬´½¿µKæ�Ýñ®ùºÓ³�¬0±[ï

)
º �?º¸°àµ[½¿º ¶ $eµ[á ® �¸¬ ±êµ;½ÜºÓì[Ý¿¬¸ã&º¸³�¬0á�®ê¬�³�¬0á.¬0á.ß&ºÓ± . �´µ;®ê±ê¬0á	ì;¬0ã�á²Ý¿³�µ;±¯º¸³�¬¸á�ã&º ��¬�³�µ;½Üº �¸µ%� ³�µ
­ � �¸±¯º¸­*³�µ�½¿Ýç°àµ[±ê³�º¸³�µÄ³¦¬´½¿µKæ�Ýç®ùºÓ³�¬0±%$¦¬¸°¦®¯Ýç³�¬0á µ C¦ßàµ;±êÝ ��µ;ã!®¯º¸½ �´µ[ãÁ®¯µÄµ��Ó¬0­�ì[º¸½¿ì;­�½¿º¸³�¬0á;ï



×_øKÉñÎ¸Í���ö6ÌûÈ��zÌ üàÎ¸ÉJý�øwÑ6ü&Ì��KÌªÎ��	��È*ÒeÌûøKü&Í�
 �
�êÎ�� Ò������
�
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�#ºÓ°àµ[½¿º�¶�í �#º¸±9. �´µ;®¯±²¬0á ¬0°¦®êÝ¿³�¬¸á µ�ìåº¸½çì[­�½¿º¸³�¬0áDã&º»ßà¬0á²Ý¿ä%�¸¬»³�µ�µ/>!­�Ýç½¿ë¿°¦±êÝç¬¦ï

�A¥���� ���! å��� ��� �����à¤ª� ��¥&¤ª�¨� � �?©ª�8¥��8�
�_ì;µ[½çµ[±êº¸ä��¸¬»³&º!�0±êº¡æ�Ý¿³�º¸³�µ

g 9, 788 m/s2é£º¸á²á¯º´³�º»ß�½Üº�®ùº+*�¬¸± ��º
m 0, 11491 kgH&¬0±²äåºI³�µUºÓ®ê±¯º¸ä%�¸¬»³�¬´µ;½¿µK®¯±ê¬¸ë � �.ã&º»ßà¬0á²Ý¿ä%�¸¬»³�µ�µ/>!­�Ý¿½çë¿°�±²Ýç¬
Fm 0, 375 NÞEº¸± �0­�±êºI³�¬´µ[ãÁ®¯±²µ *�µ[±²±ê¬´ã&º»ßà¬¸áêÝ¿ä%�¸¬»³�µ�µ/>!­�Ýç½¿ëç°�±êÝç¬

1 le 0, 01720 mÞEº¸± �0­�±êºI³�¬´µ[ãÁ®¯±²µ *�µ[±²±ê¬´ã&º»ßà¬¸áêÝ¿ä%�¸¬»³�µ�µ/>!­�Ýç½¿ëç°�±êÝç¬
2 lep

0, 01324 mÚ\¬0±²±êµ[ãÁ®¯µ�ìåº¸½çì[­�½¿º¸³&º�ã&º»ßà¬¸áêÝ¿ä%�¸¬»³�µ�µ/>!­�Ýç½¿ëç°�±êÝç¬
i0 1, 41 AÚ\¬0±²±êµ[ãÁ®¯µ ��µ;³�Ý¿³&º�ã&º»ßà¬¸áêÝ¿ä%�¸¬»³�µ�µ/>!­�Ýç½¿ëç°�±êÝç¬
i0m 1, 54 AÚ\¬0ã�á ®ùº¸ãÁ®¯µU³�º *�¬0±êä[º»³¦µ	º�®¯±¯ºÓä��¸¬»³�¬»µ[½çµ;®¯±²¬0ë � �
Km −1, 782π10−5 Nm2/A2

) M �´µ[±²¬´³¦µUµ;áêß�Ýç±¯º¸á_³¦¬´µ[½çµ;®ê±ê¬0ë � �
N 700

è
� ã�³�­¦® .¸ã�ì;ÝÜº»³¦¬´µ[½çµ;®ê±ê¬0ë � �

L 6, 5 mH"_µ[á²Ý¿á ® ,[ã¦ì[ÝÜºI³�¬´µ;½¿µK®¯±ê¬0ë � �
RL 6, 2 ΩÚ\¬¸ã�á²®ùºÓã!®êµU³�µÄ®¯µ%�´ßà¬»³�¬´µ;½¿µK®¯±ê¬¸ë � �
τL 1, 05 ms�?µ[± �´µåºÓ°�Ý¿½çÝç³&º¸³�µ ��º �¸ã�ÿ;®êÝ¿ìåº�³�¬IæÓÛ¸ì;­�¬
µ0 4π × 10−7 H/m� ±êµ[º»³�¬

gap1 S1 1, 82 × 10−4 m2

� ±êµ[º»³�¬
gap2 S2 1, 82 × 10−4 m2

� ±êµ[º»³�¬
gap3 S3 3, 64 × 10−4 m2

1
��µ;³�Ý¿³¦¬»ã�¬»ì[µ[ãÁ®¯±²¬�³&ºI°&º¸áêµ�³�µUºÓ®¯­�º¸ä��Ó¬´³�¬»µ[½çµ;®¯±²¬0ë � ��ï

2
��µ;³�Ý¿³¦¬»ì;¬�� ¬´ß�º¸±¯º+*�­¦áê¬�ï
� B	��BD>#]_H*Z\S;T	^
�wµ;½ �8¬0±ê¬�$ �.ï�1 ðåò0ò¸îN4 $ ��
�üàýÁÎ���øKü&Í È¡ÊUý�ø
������
�Ì üàÎ�ÊAÖ�É��KÍªöKÌ��êÎ�Ê $&Þ �qÚwï
� ­�µ;æ¸µ[³�¬ $uÚwï �8ï�1 ðåò0óÁ¶�4 $uÖ�É¿øKÍªöùÈ �´Î �¸üCøKÍªÌ¿Ê���È $&é�ìåâ�±êº �Dô �
Ýç½¿½u³�¬��\±êº¸áêÝç½ûï
��Ýç½çæÓº $ �	ïnÞ�ïné�ï $ Ú\­¦®êÝ¿ã $ é�ï �uï 3 é£º¸ìù¾&ºÓ³�¬ $ �uï âIï 1 ¶¸·0·¦ð=4 $�� ��Ý¿á ®¯µ ��º ³�µ ½¿µKæ�Ýç®ùºõô
ä��Ó¬�µ;½¿µK®¯±ê¬���º �¸ã�ÿ;®êÝ¿ì;¬ ì;¬0ãÁ®¯±ê¬0½¿º¸³�¬ ßà¬¸±�ì[¬��´ß�­¦®¯º¸³�¬0±�� $ ��±ê¬�¼²µ;®ê¬|³�µ�â�±êº¸³�­&ºÓä��¸¬ µ%� ��ã�ô
�0µ;ã�¾&º¸±²ÝÜº ��½¿µK®¯± �¸ã�Ý¿ì[ºPè 
 � "
þ�$ "qÝç¬N³�µPþ0º¸ã�µ[Ýç±ê¬�ï �wÝ¿á²ßà¬0ã�ëñæ0µ[½ µ%� ¾!®²®¯ß�í � � � � �
ï ½¿µ[µÓï µ;ã ��ï ­�µ;±�¼;ï °�± ���y¼²ß&º¸­�½ç¬ ��®¯±êº¸°&º¸½ç¾�¬¸á ô ¬¸±êÝñµ[ãÁ®ùº¸³¦¬0á[ï ¾!® ��½ ï
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