






Φ

Φ = BA cos θ,

B A θ
Φ

Φ T ⋅ m2 B cos θ = B B
A Φ = B⊥A

Φ Φ = BA cos θ
Φ

Φ
B Φ

θ Φ
Φ



ΔΦ Δt
Δt N N

N

emf = −N ΔΦ
Δt .

ΔΦ

Bcoil





B cos θ

emf = −N ΔΦ
Δt

emf = N ΔΦ
Δt .

N = 1 Δt = 0.100 s ΔΦ

ΔΦ = Δ(BA cos θ) = AΔ(B cos θ).

Δ(B cos θ) = 0.200 T B cos θ

A = πr2 = (3.14...)(0.060 m)2 = 1.13×10−2 m2

ΔΦ = (1.13×10−2 m2)(0.200 T).

Emf = N ΔΦ
Δt = (1.13×10−2 m2)(0.200 T)

0.100 s = 22.6 mV.

F = qvB sin θ
emf = Bℓv B v

v
ℓ B B R

B



emf = Bℓv
B

emf = N ΔΦ
Δt .

N = 1 Φ = BA cos θ
θ = 0º cos θ = 1 B A ΔΦ = Δ(BA) = BΔA B

ΔA = ℓ Δ x

emf = BΔA
Δt = BℓΔx

Δt .

Δx / Δt = v

emf = Bℓv (B, ℓ, and v perpendicular)



emf = Bℓv = (5.0×10−5 T)(1.0 m)(3.0 m/s) = 150 μV

F = IℓB sin θ

5.00×10−5 T

emf = Bℓv



emf = Bℓv

emf = Bℓv
= (5.00×10−5 T)(2.0×104 m)(7.80×103 m/s)
= 7.80×103 V.

θ = 90º
sin θ = 1







θ = 0º θ = 90º



Φ

Δt

emf = −N ΔΦ
Δt .

N = 200 Δt = 15.0 ms ΔΦ

ΔΦ = Δ(BA cos θ) = ABΔ(cos θ).

Δ(cos θ) = −1.0 θ 0º 90º ΔΦ = −AB

emf = N AB
Δt .

A = πr2 = (3.14...)(0.0500 m)2 = 7.85×10−3 m2

emf = 200(7.85×10−3 m2)(1.25 T)
15.0×10−3 s

= 131 V.

w ℓ



emf = Bℓv B
θ B B v sin θ

emf = Bℓv sin θ

emf = 2Bℓv sin θ.

ω θ θ = ωt

emf = 2Bℓv sin ωt.

v ω v = rω r = w / 2 v = (w / 2)ω

emf = 2Bℓw
2 ω sin ωt = (ℓw)Bω sin ωt.

A = ℓw N

emf = NABω sin ωt

N A ω
B

emf = emf0 sin ωt,

emf0 = NABω

f = ω / 2π T = 1 / f = 2π / ω

emf0 T = 1 / f = 2π / ω f



emf0 = NABω
ω

emf0

ω emf0 = NABω emf0

ω = Δθ
Δt .

π/2

ω = π / 2 rad
0.0150 s

= 104.7 rad/s.
ω

emf0 = NABω

emf0 = NABω

= 200(7.85×10−3 m2)(1.25 T)(104.7 rad/s)
= 206 V

.



ω

IR

P = I 2R
ω

0.400 Ω
I = V/R = (48.0 V)/(0.400 Ω ) = 120 A

P = I 2R = 5.76 kW



I = V/R = (8.0 V)/(0.400 Ω ) = 20 A
P = IV = (20 A) / (8.0 V) = 160 W



Vs Vp

Vs

Vs = −Ns
ΔΦ
Δt ,

Ns ΔΦ Δt
Vs = emfs

ΔΦ / Δt
Vp

V p = −Np
ΔΦ
Δt .

Vp

Vs
Vp

= Ns
Np

.

Pp = IpVp = IsVs = Ps.

Vs
Vp

=
Ip
Is

.

Vs
Vp

= Ns
Np



Is
Ip

=
Np
Ns

Vs
Vp

= Ns
Np

Ns

Ns = Np
Vs
Vp

= (50)100,000 V
120 V = 4.17×104 .

Is
Ip

=
Np
Ns

Is

Is = Ip
Np
Ns

= (10.00 A) 50
4.17×104 = 12.0 mA.

Pp = IpVp = (10.00 A)(120 V) = 1.20 kW

Pp = IsVs = (12.0 mA)(100 kV) = 1.20 kW



Vs
Vp

= Ns
Np

Ns

Ns = Np
Vs
Vp

= (200)15.0 V
120 V = 25.

Is
Ip

=
Np
Ns

Ip

Ip = Is
Ns
Np

= (16.0 A) 25
200 = 2.00 A.

Pp = Ps



R









E2

ΔI/Δt I1



emf2

emf2 = −MΔI1
Δt ,

M
M M

M (V ⋅ s)/A = Ω ⋅ s
1 H = 1 Ω ⋅ s

I2 emf1

emf1 = −MΔI2
Δt ,

M
M

M

M

ΔI

emf = −LΔI
Δt ,

L



L
L

L

L = 1.0 H
emf = −L(ΔI / Δt)

emf = −L(ΔI / Δt) = (1.0 H)[(10 A) / (1.0 ms)] = 10,000 V

L
L

emf = −N(ΔΦ / Δt) emf = −L(ΔI / Δt)

emf = −N ΔΦ
Δt = −LΔI

Δt .

L

L = N ΔΦ
ΔI .

L L
ΔΦ ΔI

A
ΔΦ = Δ(BA) = AΔB ΔB

B = μ0nI = μ0
NI
ℓ n = N / ℓ N ℓ

ΔΦ = AΔB = μ0NAΔI
ℓ ΔΦ L = N ΔΦ

ΔI

L = N ΔΦ
ΔI = N

μ0 NAΔI
ℓ

ΔI .

L = μ0 N 2 A
ℓ (solenoid).

A ℓ



L = μ0 N 2 A
ℓ L

L = μ0 N 2 A
ℓ .

A = πr2 = (3.14...)(0.0200 m)2 = 1.26×10−3 m2 N

ℓ μ0 = 4π×10−7 T ⋅ m/A
L

L = (4π×10−7 T ⋅ m/A)(200)2(1.26×10−3 m2)
0.100 m

= 0.632 mH.

Eind

Eind = 1
2LI 2.



Eind = 1
2LI 2 Eind

L Eind = 1
2LI 2

Eind = 1
2LI 2

= 0.5(0.632×10−3 H)(30.0 A)2 = 0.284 J.

L

t = 0 I0 = V/R R
L

I = I0(1 − e−t / τ)    (turning on),

I0 = V/R τ

τ = L
R,

τ 1 H=1 Ω·s τ 0.632I0

I = I0(1 − e−1) = I0(1 − 0.368) = 0.632I0 τ

τ τ

τ L R L



τ
R τ

L R

(1/2)LI0
2

I 2 R I

I = I0e−t / τ    (turning off).

τ = L / R
I = I0e−1 = 0.368I0 τ

τ

3.00 Ω

τ = L / R

τ τ = L / R

τ = L
R = 7.50 mH

3.00 Ω = 2.50 ms.

I = I0e−t / τ

I = 0.368I0 = (0.368)(10.0 A)
= 3.68 A at t = 2.50 ms.

I′ = 0.368I = (0.368)(3.68 A)
= 1.35 A at t = 5.00 ms.



90º

V = −L(ΔI / Δt)
I L

I = V
XL

,

V XL

XL = 2π fL,

f
XL XL

1 H = 1 Ω ⋅ s (cycles/s)( Ω ⋅ s) = Ω
XL L

XL f
ΔI/Δt f Δt

XL = 2π fL XL
I = V / XL



XL = 2π fL

XL = 2π fL = 6.28(60.0 / s)(3.00 mH) = 1.13 Ω at 60 Hz.

XL = 2π fL = 6.28(1.00×104 /s)(3.00 mH) = 188 Ω at 10 kHz.

I = V / XL

I = V
XL

= 120 V
1.13 Ω = 106 A at 60 Hz.

I = V
XL

= 120 V
188 Ω = 0.637 A at 10 kHz.

Q = 0

90º



I C

I = V
XC

,

V XC XL XC

XC = 1
2π fC ,

XC XC
XC C

f

XC = 1
2π fC XC

I = V / XC

XC = 1
2π fC

XC = 1
2π fC

= 1
6.28(60.0 / s)(5.00 μF) = 531 Ω at 60 Hz.

XC = 1
2π fC = 1

6.28(1.00×104 / s)(5.00 μF)
= 3.18 Ω at 10 kHz

.

I = V / XC

I = V
XC

= 120 V
531 Ω = 0.226 A at 60 Hz.

I = V
XC

= 120 V
3.18 Ω = 37.7 A at 10 kHz.

XC



0º

XL XC

R XL XC

I0 = V0
Z or Irms = Vrms

Z .

I0 V0 Z



Z R XL XC
VR VL VC

R L C VL
VC

VR
V = VR + VL + VC

V

VR VL 90º VC 90º
VL VC 180º

V0
R L C

V0 = V0R
2 +(V0L − V0C)2,

V0R V0L V0C R L C
V0 = I0Z V0R = I0R V0L = I0XL

V0C = I0XC

I0 Z = I0
2 R2 + (I0 XL − I0XC )2 = I0 R2 + (XL − XC)2.

I0 Z

Z = R2 + (XL − XC)2,

R = 0
XL = 0 XC = 0

40.0 Ω 5.00 μF
L C

Vrms = 120 V Irms



Z = R2 + (XL − XC)2

XL = 1.13 Ω

XC = 531 Ω 40.0 Ω Z = R2 + (XL − XC)2

Z = R2 + (XL − XC)2

= (40.0 Ω )2 + (1.13 Ω − 531 Ω )2

= 531 Ω  at 60.0 Hz.

XL = 188 Ω XC = 3.18 Ω

Z = (40.0 Ω )2 + (188 Ω − 3.18 Ω )2

= 190 Ω  at 10.0 kHz.

XL XC

Irms Irms = Vrms / Z

Irms = Vrms
Z = 120 V

531 Ω = 0.226 A

Irms = Vrms
Z = 120 V

190 Ω = 0.633 A

Irms = Vrms / Z Z Z = R2 + (XL − XC)2

Irms = Vrms

R2 + (XL − XC)2
.

XL XC
f0 Z = R

Irms f0

XL = XC.

XL XC

2πf0 L = 1
2πf0 C .

f0

f0 = 1
2π LC

,



f0
f0 Z = R Irms

f0 f0
Irms f0

f0
V0

40.0 Ω 5.00 μF
Irms Vrms

f0 = 1
2π LC

L C f0 f0 = 1
2π LC

f0 = 1
2π LC

= 1
2π (3.00×10−3 H)(5.00×10−6 F)

= 1.30 kHz.

Irms = Vrms
Z = 120 V

40.0 Ω = 3.00 A.



ϕ V I

cos ϕ = R
Z .

Z = R cos ϕ = 1 ϕ = 0 º

Irms

Pave = IrmsVrms cos ϕ,

cos ϕ
cos ϕ = 1

40.0 Ω 5.00 μF
Vrms f = 60.0Hz

cos ϕ = R
Z .

Z= 531 Ω

cos ϕ = 40.0 Ω
531 Ω = 0.0753 at 60.0 Hz.

ϕ = cos−1 0.0753 = 85.7º at 60.0 Hz.

90º
90º

Pave = IrmsVrms cos ϕ.

Irms

Pave = (0.226 A)(120 V)(0.0753) = 2.04 W at 60.0 Hz.

cos ϕ = 1 Irms

Pave = (3.00 A)(120 V)(1) = 360 W



f0



XC = 1
2π fC

τ τ = L
R L

R



emf = NABω sin ωt A N
ω B t

Eind = 1
2LI 2

emf = −N ΔΦ
Δt

1 H = 1 Ω ⋅ s

Z = R2 + (XL − XC)2

XL = 2π fL

Φ = BA cos θ B
A θ

emf0 = NABω

ϕ

cos ϕ

f0 = 1
2π LC

Vs
Vp

= Ns
Np



Φ Φ = BA cos θ B
A θ

Φ T ⋅ m2

Φ

emf = −N ΔΦ
Δt

ΔΦ Δt
N

I B ΔΦ

B

emf = Bℓv (B, ℓ, and v perpendicular),
ℓ v

emf = NABω sin ωt,
A N ω B

emf0

emf0 = NABω.

Vs
Vp

= Ns
Np

,

Vp Vs Np Ns

Ip Is
Is
Ip

=
Np
Ns



ΔI1 / Δt emf2

emf2 = −MΔI1
Δt ,

M
ΔI2 / Δt emf1

emf1 = −MΔI2
Δt ,

M

emf = −LΔI
Δt ,

L ΔI / Δt

1 H = 1 Ω ⋅ s
L N

L = N ΔΦ
ΔI .

L = μ0 N 2 A
ℓ (solenoid),

N A ℓ
μ0 = 4π×10−7 T ⋅ m/A

Eind

Eind = 1
2LI 2.

I = I0(1 − e−t / τ)    (turning on).
I0 = V / R

τ τ = L
R L R

τ 0.632I0
τ

I = I0e−t / τ    (turning off).
I0

0.368I0 τ τ

90º



I = V
XL

,

V
XL

XL = 2π fL,
f

XL

90º

I = V
XC

,

V
XC

XC = 1
2π fC .

XC

Z

I0 = V0
Z or Irms = Vrms

Z ,

I0 V0

Z = R2 + (XL − XC)2

f0 XL = XC

f0 = 1
2π LC

.

ϕ V I

cos ϕ = R
Z ,

ϕ = 0º

Pave = IrmsVrms cos ϕ,
cos ϕ





T ⋅ m2 / A = Ω ⋅ s = H



ΔΦ Δt
1 T ⋅ m2 / s = 1 V

0.250 m2

Ω

5.00×10−5 T



2.00×106 A
25.0 μs

3.00×10−5 T

B ℓ v
emf = Bℓvsin θ

v B θ ℓ
B ℓ B θ

v B

5.00×10−5 T 7.80×103 m/s

R
A ρ

v B
R

5.00×10−5 T



ω
2π/ω

t = 0 t = 0.100 ms

0.250 m2

5.00×10−5 T

0.100 Ω

2.00 Ω

Ns / Np = 1000



3.00 kΩ

0.200 Ω

emf2 = −MΔI1
Δt

(V ⋅ s)/A = Ω ⋅ s

200 J/kg·ºC

500 Ω



5.00 MΩ

0.100 Ω
1.00 MΩ

4.00 Ω

I0
L R

2.00 Ω

15.0 Ω

τ

0.500 Ω

τ

100 Ω

20.0 kΩ

2.00 MΩ

0.250 Ω

0.250 μF

2.00 kΩ

100 kΩ

10.0 mΩ

40.0 Ω
Z

Z

40.0 Ω
5.00 μF

Z

3.00 mH
5.00 μF

Z

40.0 μF



1.00 μH

2.00 μF

2.50 Ω 100 μH
80.0 μF

Vrms = 5.60 V
Irms

Irms

1.00 kΩ
150 μH

Vrms = 408 V Irms
Irms

2.50 Ω 100 μH
80.0 μF

f = 120 Hz

1.00 kΩ
150 μH

f = 7.50 Hz

200 Ω
45.0º

Vrms = 408 V


