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   10  n


   10 9


   10  − 6


    C  S


  𝒏 =   𝟑 𝟔   𝟎  𝒐  𝜶 − 𝟏


  𝜷 = 𝟑 𝟔   𝟎  𝒐 − 𝟐 𝜽


  p


  q


  R


   1  p +  1  q =  2  R         ∨          1  p +  1  q =  1  f


  p


  q


  R


    A B S  𝛥


    t a n ⁡  𝜃 =   A B  A S =  h  p


    A ′ B ′ S  𝛥


    t a n ⁡  𝜃 ′ =   A ′ B ′  A ′ S =   h ′  q


  𝜃 = 𝜃 ′


  𝛼


    t a n ⁡  𝛼 =  h  p − R ,         t a n ⁡  𝛼 ′ =   h ′  R − q


  𝛼 = 𝛼 ′


   h  p − R =   h ′  R − q       ⇒         R − q  p − R =   h ′ h =   q  p       ⇒       R − q  p − R =   q  p


  p R − p q = p q − q R ⇒ p R + q R = 2 p q ⇒   p R  p q +   q R  p q =   2 p q  p q


    R  q +   R  p = 2


   1  R


    𝟏  𝒒 +   𝟏  𝒑 =   𝟐  𝑹         ∨           𝟏  𝒒 +   𝟏  𝒑 =   𝟏  𝒇


  x


  x ′


    𝒇  𝟐 = 𝒙 × 𝒙 ′         ∨         𝒇 =  𝒙 × 𝒙 ′


  𝒑 = 𝒙 + 𝒇 ,       𝒒 = 𝒙 ′ + 𝒇


    𝒔 𝒊 𝒏   𝜽  𝟏  𝒔 𝒊 𝒏   𝜽  𝟐 =     𝒏  𝟐    𝒏  𝟏       ∨         𝒏  𝟏 𝒔 𝒊 𝒏   𝜽  𝟏 =   𝒏  𝟐 𝒔 𝒊 𝒏   𝜽  𝟐


  n


  n ≥ 1


  ( n )


  4  5 ∘


   2


    n 1   s i n ⁡    𝜃 1 =   n 2   s i n ⁡    𝜃 2     ⇒     1 ⋅   s i n ⁡ 4  5 ∘ =  2   s i n ⁡    𝜃 2


  


    n 1   s i n ⁡    𝜃 1 =   n 2   s i n ⁡    𝜃 2     ⇒     1 ⋅   s i n ⁡ 5  3 ∘ =   n 2   s i n ⁡ 3  7 ∘


  


   1 . 5


    n 1   s i n ⁡    𝜃 1 =   n 2   s i n ⁡    𝜃 2     ⇒     1 ⋅   s i n ⁡ 6  0 ∘ =  1 . 5 ⋅   s i n ⁡    𝜃 2


  


    𝜃 1 −   𝜃 2 = 6  0 ∘ − 4  5 ∘     ⇒       𝜃 1 −   𝜃 2 = 1  5 ∘


  N ′


  20 .  0 ∘


  𝜃


  𝜃 ′


    n 1   s i n ⁡    𝜃 1 =   n 2   s i n ⁡    𝜃 2     ⇒     1 ⋅   s i n ⁡  𝜃 = ( 1 . 48 )   s i n ⁡ 2 0 .  0 ∘


  


    n 2   s i n ⁡    𝜃 2 =   n 3   s i n ⁡    𝜃 3     ⇒     ( 1 . 48 )   s i n ⁡ 2 2 .  0 ∘ = ( 1 . 33 )   s i n ⁡  𝜃 ′


      s i n ⁡    𝜃 1    s i n ⁡    𝜃 2 =     n 2    n 1 =     v 1    v 2 = cosntant


  ( 1 )


  ( A )


  ( B )


  ( 2 )


  ( A ′ )


  ( C )


  ( A )


  ( A B =   v 2 𝛥 t )


  (   v 2 )


  ( 2 )


  ( A ′ )


  ( C )


  ( A ′ C =   v 1 𝛥 t )


    v 1


    A A ′ C  𝛥


    A B C  𝛥


    s i n ⁡    𝜃 1 =   A ′ C  A C =     v 1 𝛥 t  A C     ∧         s i n ⁡    𝜃 2 =   A B  A C =     v 2 𝛥 t  A C


      s i n ⁡    𝜃 1    s i n ⁡    𝜃 2 =     v 1    v 2


    𝒔 𝒊 𝒏   𝜽  𝟏  𝒔 𝒊 𝒏   𝜽  𝟐 =     𝒏  𝟐    𝒏  𝟏 =     𝒗  𝟏    𝒗  𝟐 = 𝒄 𝒐 𝒏 𝒔 𝒕 𝒂 𝒏 𝒕


    n 1 = 1


    n 2 = n


    v 1 = c


    v 2 = v


    𝒏  𝟏   𝒗  𝟏 =   𝒏  𝟐   𝒗  𝟐 =   . . .   = 𝒄


  2 ⋅ 1  0 5   k m / s


  n =   c  v =   3 ⋅ 1  0 5   k m / s  2 ⋅ 1  0 5   k m / s     ⇒     n = 1 . 5


   3 2


   4 3


  2 ⋅ 1  0 5   k m / s


      n 1    n 2 =     v 2    v 1     ⇒     3 / 2  4 / 3 =     v 2  2 . 0 ⋅ 1  0 5   k m / s     ⇒     v 2 = 2 . 25 ⋅ 1  0 5   k m / s


   1  f =  1    d  o +  1    d  i


  M =    h  i   h  o =   −   d  i    d  o


  20 c b


  0 . 2 m


    q = 20 c b , d = 0 . 2 m , V = ? _


  q = 5 𝜇 c b


  700 v o l t


  50 v o l t


      v 1 = 700 v o l t ,   v 2 = 50 v o l t , q = 5 𝜇 c b , 𝛥 u = ? _


  


  5 𝜇 c b


  − 10 𝜇 c b


  10 c m


  a


  a


      q 1 = 5 𝜇 c b ,   d 1 = 10 c m ,   V    a 1 = ? _


      q 2 = − 10 𝜇 c b ,   d 2 = 10 c m ,   V    a 2 = ? _


  


    V  a =   V    a 1 +   V    a 2 = 4 . 5 ⋅ 1  0 5 V +  ( − 9 ⋅ 1  0 5 V ) = − 4 . 5 ⋅ 1  0 5 V


    q 1 = 20 𝜇 c


    q 2 = − 10 𝜇 c


  20 c m


  40 c m


      q 1 = 20 𝜇 c ,   q 2 = − 10 𝜇 c ,   d 1 = 20 c m ,   E  p = ? _


  


  


      q 1 = 20 𝜇 c ,   q 2 = − 10 𝜇 c ,   d 1 = 40 c m ,   E  p = ? _


  


  


   ( C )


   ( q )


   ( v )


  C =   q  v


  A


  d


  k


  C = k ⋅   𝜀 0 ⋅   A  d


  k


  k = 1


    𝜀 0 = 8 . 85 ⋅ 1  0  − 12   F a r a d  m


   ( F a r a d )


   ( C )


  E =  1 2 C ⋅   v 2 =  1 2 Q ⋅ v


  2000 c   m 2


  1 c m


    A = 2000 c   m 2 , d = 1 c m , C = ? _


  


  


  50 c   m 2


  1 c m


    A = 50 c   m 2 , d = 1 c m , C = ? _


  


  


  20 𝜇 F


  12 v o l t


    C = 20 𝜇 F , v = 12 v o l t , q = ? _


    v = 12 v o l t , q = 240 𝜇 c , E = ? _


  


  


  24 v o l t


  120 𝜇 c


    v = 24 v o l t , q = 120 𝜇 c , C = ? _


  60 c m


  20 c m


  1 . 5 m m


    A = 1200 c   m 2 , d = 1 . 5 m m , k = 10 , C = ? _


  


  


  6 𝜇 F


  200 V


    C = 6 𝜇 F , V = 200 v o l t ,   E  p = ? _


  Q =   Q 1 =   Q 2 =   Q 3 = . . . =     Q  n ⁡  


  V =   V 1 +   V 2 +   V 3 + . . . +   V  n =   ∑  i = 1  n    V  i , b u t V =   Q  C


  ∴   Q  C =   Q    C 1 +   Q    C 2 +   Q    C 3 + . . . +   Q    C  n =   ∑  i = 1  n    Q    C  i


  o r  1  C =  1    C 1 +  1    C 2 +  1    C 3 + . . . +  1    C  n =   ∑  i = 1  n   1    C  i


  V =   V 1 =   V 2 =   V 3 = . . . =   V  n


  Q =   Q 1 +   Q 2 +   Q 3 + . . . +   Q  n =   ∑  i = 1  n    Q  i , b u t Q = C ⋅ V


  ∴ C ⋅ V =   C 1 ⋅ V +   C 2 ⋅ V +   C 3 ⋅ V + . . . +   C  n ⋅ V = V   ∑  i = 1  n    C  i


  o r C =   C 1 +   C 2 +   C 3 + . . . +   C  n =   ∑  i = 1  n    C  i


    C 1 = 1 𝜇 F


    C 2 = 2 𝜇 F


  C =   C 1 +   C 2 = 1 𝜇 F + 2 𝜇 F = 3 𝜇 F


    C 1 = 3 𝜇 F


    C 1 = 2 𝜇 F


    C 3 = 6 𝜇 F


   1  C =  1    C 1 +  1    C 2 +  1    C 3 =  1  3 𝜇 F +  1  2 𝜇 F +  1  6 𝜇 F =  5  6 𝜇 F


  20 F


  10 F


  100 V o l t


  C =   C 1 +   C 2 = 20 F + 10 F = 30 F


    C 1 = 10 F


    C 2 = 5 F


    C 3 = 20 F


  220 v o l t


   1  C =  1    C 1 +  1    C 2 +  1    C 3 =  1  5 F +  1  10 F +  1  20 F =  7  20 F


  


  


  


  C =   C 1 +   C 2 = 2 F + 2 F = 4 F


   1  C =  1    C 1 +  1    C 2 +  1    C 3 =  1  2 F +  1  4 F +  1  2 F =  5  4 F


    C 1


    C 2


      C 1 = 3 𝜇 F ,   C 2 = 6 𝜇 F ,   C  e q = ? _


      C  e q = 2 𝜇 F , V = 12 v o l t , q = ? _


  q =   q 1 =   q 2 = 24 𝜇 c


      C 1 = 3 𝜇 F ,   q 1 = 24 𝜇 c ,   V 1 = ? _


    C 1 = 1 𝜇 F


    C 2 = 2 𝜇 F


      C 1 = 1 𝜇 F ,   C 2 = 2 𝜇 F ,   C  e q = ? _


      C  e q = 3 𝜇 F , V = 12 v o l t , q = ? _


  V =   V 1 =   V 2 = 12 V


      C 1 = 1 𝜇 F ,   V 1 = 12 v o l t ,   q 1 = ? _


  


  


  F ≈ k ⋅     q 1 ⋅   q 2    r 2


  F ≈  1  4 𝜋   𝜀 0 ⋅     q 1 ⋅   q 2    r 2


  k =  1  4 𝜋   𝜀 0


    E → =     F →  q


  E


  q


  E


  A


  B


  𝛥 u = − E ⋅ d ⋅ q


  v =   u  q


    j o u l  c b = 1 v o l t


  C =   q  𝛥 v


  C =   q  𝛥 v


  S I


   ( F )


  1 F a r a d = 1   c o l  v o l t


  1 F a r a d = 1   c o l  v o l t


    C  e q =   C 1 +   C 2 +   C 3 + . . . +   C  n


   1    C  e q =  1    C 1 +  1    C 2 +  1    C 3 + . . . +  1    C  n


  u =     q 2  2 C =  1 2 q ⋅ 𝛥 v =  1 2 C ⋅    ( 𝛥 v ) 2


  Q


  q


  q


   ( + )


   ( − )


   ( + )


  +


  −


  +


  −


  +


  −


  +


  −


  2 F


  2 F


  2 F


  2 F


    c o s ⁡    𝜃 2 =   e  a     ⇒     a =   e    c o s ⁡    𝜃 2


    A D C  𝛥


    s i n ⁡ (   𝜃 1 −   𝜃 2 ) =   d  a     ⇒     d = a   s i n ⁡ (   𝜃 1 −   𝜃 2 )


  d =   e  c o s   𝜃 2 s i n (   𝜃 1 −   𝜃 2 )


  6   c m


  6  0 ∘


  3  0 ∘


  e = 6   c m


    𝜃 1 = 6  0 ∘


    𝜃 2 = 3  0 ∘


  d =   e    c o s ⁡    𝜃 2   s i n ⁡ (   𝜃 1 −   𝜃 2 ) =   6   c m    c o s ⁡ 3  0 ∘   s i n ⁡ ( 6  0 ∘ − 3  0 ∘ )


  x


    𝜃 1 = 30 .  0 ∘


  e = 2 . 00   c m


  n = 1 . 50


  x


    s i n ⁡    𝜃 1 = n   s i n ⁡    𝜃 2     ⇒       s i n ⁡ 3 0 .  0 ∘ = ( 1 . 50 )   s i n ⁡    𝜃 2


  


  x


  x =   e    c o s ⁡    𝜃 2   s i n ⁡ (   𝜃 1 −   𝜃 2 ) =   2 . 00   c m    c o s ⁡ 1 9 .  5 ∘   s i n ⁡ ( 30 .  0 ∘ − 19 .  5 ∘ )


  


  Q =   Q 1 +   Q 2 +   Q 3 + . . . +   Q  n =   ∑  i = 1  n    Q  i , b u t Q = C ⋅ V


  ∴ C ⋅ V =   C 1 ⋅ V +   C 2 ⋅ V +   C 3 ⋅ V + . . . +   C  n ⋅ V = V   ∑  i = 1  n    C  i


  o r C =   C 1 +   C 2 +   C 3 + . . . +   C  n =   ∑  i = 1  n    C  i


    C 1 = 1 𝜇 F


    C 2 = 2 𝜇 F


  C =   C 1 +   C 2 = 1 𝜇 F + 2 𝜇 F = 3 𝜇 F


    C 1 = 3 𝜇 F


    C 1 = 2 𝜇 F


    C 3 = 6 𝜇 F


   1  C =  1    C 1 +  1    C 2 +  1    C 3 =  1  3 𝜇 F +  1  2 𝜇 F +  1  6 𝜇 F =  5  6 𝜇 F


  


  20 F


  10 F


  100 V o l t


  C =   C 1 +   C 2 = 20 F + 10 F = 30 F


  


    C 1 = 10 F


    C 2 = 5 F


    C 3 = 20 F


  220 v o l t


   1  C =  1    C 1 +  1    C 2 +  1    C 3 =  1  5 F +  1  10 F +  1  20 F =  7  20 F


  


  


  


  C =   C 1 +   C 2 = 2 F + 2 F = 4 F


   1  C =  1    C 1 +  1    C 2 +  1    C 3 =  1  2 F +  1  4 F +  1  2 F =  5  4 F


    C 1


    C 2


      C 1 = 3 𝜇 F ,   C 2 = 6 𝜇 F ,   C  e q = ? _


      C  e q = 2 𝜇 F , V = 12 v o l t , q = ? _


  q =   q 1 =   q 2 = 24 𝜇 c


      C 1 = 3 𝜇 F ,   q 1 = 24 𝜇 c ,   V 1 = ? _


    C 1 = 1 𝜇 F


    C 2 = 2 𝜇 F


      C 1 = 1 𝜇 F ,   C 2 = 2 𝜇 F ,   C  e q = ? _


      C  e q = 3 𝜇 F , V = 12 v o l t , q = ? _


  


  V =   V 1 =   V 2 = 12 V


      C 1 = 1 𝜇 F ,   V 1 = 12 v o l t ,   q 1 = ? _


  


  


  F ≈ k ⋅     q 1 ⋅   q 2    r 2


  F ≈  1  4 𝜋   𝜀 0 ⋅     q 1 ⋅   q 2    r 2


  k =  1  4 𝜋   𝜀 0


    E → =     F →  q


  E


  q


  E


  A


  B


  𝛥 u = − E ⋅ d ⋅ q


  v =   u  q


    j o u l  c b = 1 v o l t


  C =   q  𝛥 v


  S I


   ( F )


  1 F a r a d = 1   c o l  v o l t


    C  e q =   C 1 +   C 2 +   C 3 + . . . +   C  n


   1    C  e q =  1    C 1 +  1    C 2 +  1    C 3 + . . . +  1    C  n


  u =     q 2  2 C =  1 2 q ⋅ 𝛥 v =  1 2 C ⋅    ( 𝛥 v ) 2


  Q


  q


   ( + )


   ( − )


   ( + )


  +


  −


  +


  −


  +


  −


  +


  −


  2 F


  2 F


  2 F


  2 F


    c o s ⁡    𝜃 2 =   e  a     ⇒     a =   e    c o s ⁡    𝜃 2


    A D C  𝛥


    s i n ⁡ (   𝜃 1 −   𝜃 2 ) =   d  a     ⇒     d = a   s i n ⁡ (   𝜃 1 −   𝜃 2 )


  𝒅 =   𝒆  𝒄 𝒐 𝒔   𝜽  𝟐 𝒔 𝒊 𝒏 (   𝜽  𝟏 −   𝜽  𝟐 )


  d


  e


    𝜃 1


    𝜃 2


  6   c m


  6  0 ∘


  3  0 ∘


  e = 6   c m


    𝜃 1 = 6  0 ∘


    𝜃 2 = 3  0 ∘


  𝒅 =   𝒆    𝒄 𝒐 𝒔 ⁡    𝜽  𝟐   𝒔 𝒊 𝒏 ⁡ (   𝜽  𝟏 −   𝜽  𝟐 ) =   𝟔   𝒄 𝒎    𝒄 𝒐 𝒔 ⁡  𝟑   𝟎 ∘   𝒔 𝒊 𝒏 ⁡ ( 𝟔   𝟎 ∘ − 𝟑   𝟎 ∘ )


  


  x


  2 . 00   c m


    𝜃 1 = 30 .  0 ∘


  e = 2 . 00   c m


  n = 1 . 50


  x


    s i n ⁡    𝜃 1 = n   s i n ⁡    𝜃 2     ⇒       s i n ⁡ 3 0 .  0 ∘ = ( 1 . 50 )   s i n ⁡    𝜃 2


  


  x


  x =   e    c o s ⁡    𝜃 2   s i n ⁡ (   𝜃 1 −   𝜃 2 ) =   2 . 00   c m    c o s ⁡ 1 9 .  5 ∘   s i n ⁡ ( 30 .  0 ∘ − 19 .  5 ∘ )


  


              𝟏  𝒇 =             𝟏  𝒑 +         𝟏  𝒒


    F 2 =     X ` ×   X


    𝟏  𝒑 +   𝟏    𝒑 ′ = −   𝟏  𝒇  


   1  f =  ( n − 1 )  1  r 1 −  1  r 2


   1  f


    𝟏  𝟎 . 𝟓


   1 2


   1  f


   1    f 1


   1    f 2  


   1    f 3


   1    f 4

