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Resistors

€=V sin(owr) R l] = V,/R
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Resistors
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Resistors

€=V sin(wi) R l] = V,/R =| Vo R Isin(wt)
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Resistors

€=V sin(wi) R l[ = V,/R =| Vo R Isin((x)t)

4
|Amp|itude =V /R

. Y (1) is in Phase with /, (1)
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Q=CV=Cr, _sin(w?)
[ =dQ/dt

€=V sin(wi) C =

l 1=V,  0Ccos(wl)
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Q=CV=Cr, _sin(w?)
[ =dQ/dt

€ = VmaxSin((Ot) C :: l 1 ‘VmameICOS((Dt)

A 4
| Amplitude = //, /X,

smartPh}'SlCS Electricity & Magnetism Lecture 20, Slide 4



Q=CV=Cr, _sin(w?)
[ =dQ/dt

€ = VmaxSin((Ot) C :: l 1 ‘Vmax(l)EICOS((Dl‘)

:

| Amplitude = /, /X |

where X = l/wC

is like the “resistance”
of the capacitor
X depends on w
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Q=CV=Cr, _sin(w?)
[ =dQ/dt

€ = VmaxSin((Ot) C :: l 1 ‘Vmax(l)EICOS((Dl‘)

:

V((f) lOgS 1((1) by 90° |AmpIItUde = Vmax/XCl

L where X = l/wC

is like the “resistance”
of the capacitor
wl
w \ X depends on w
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dlidt="V, =V, sin(wr)

€=V sin(wr) L l I=-(V,,/oL)cos(wf)
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dlidt="V, =V, sin(wr)

€=V sin(wr) L l I= —|(me/wL)|cos(wt)

|AmpI|tude Voad X, \
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dlidt="V, =V, sin(wr)

€=V sin(wr) L l I= —|(me/wL)|cos(wt)

.
|Amp|itude =V JX \

where X, = oL

is like the “resistance”
of the inductor
X, depends on ®
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dlidt="V, =V, sin(wr)

€=V sin(wr) L l I= —|(me/wL)|cos(wt)

.
|Amp|itude =V JX \

¢ V() leads 7, (1) by 90° where X, = wL
is like the “resistance”

o of the inductor
X, depends on ®
VAN 72
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RL Clicker Question

An RL circuit is driven by an AC generator as shown in the figure.

For what driving frequency m of the generator will the
current through the resistor be largest

A) w large

B) Current through R doesn’t depend on

C) o small
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RL Clicker Question

An RL circuit is driven by an AC generator as shown in the figure.

X, =L

L As w - 0, so does X,

For what driving frequency m of the generator will the
current through the resistor be largest
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RL Clicker Question

An RL circuit is driven by an AC generator as shown in the figure.

X, =L

L As w - 0, so does X,

}

As w — 0,
resistance of circuit > R
current gets bigger

For what driving frequency m of the generator will the
current through the resistor be largest

A) w large

B) Current through R doesn’t depend on

C) o small
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RL Clicker Question

An RL circuit is driven by an AC generator as shown in the figure.

X, =L

L As w - 0, so does X,

}

i sw—>0,
Lr%%ﬁ’s%a noé‘é\%?'circuit - R

current gets bigger

For what driving frequency m of the generator will the
current through the resistor be largest

A) w large

B) Current through R doesn’t depend on
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RL Clicker Question

An RL circuit is driven by an AC generator as shown in the figure.

X, =L

L As w - 0, so does X,

}

sw—> 0,

t'r-ve\"‘GE‘S%G|-|=$(§55\’%?'circuit - R

current gets bigger

For what driving frequency m of the generator will the
current through the resistor be largest

A) w large

B) Current through R doesn’t depend on
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e = Vo R V., in phase with /

smartPh)’SlCS Electricity & Magnetism Lecture 20, Slide 7



R
é [max = Vmax/R VR in phase Wlth 1
C—— 1. =V JX. V.. 90° behind /
Xo=1lwC
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R
é [max = Vmax/R VR in phase with /
C —— I...=V. /X V900 behind /
Xo=1lwC
L Lax = Ve X J, 90° ahead of /
X, =L
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Ly = Vi R V, in phase with /

Because resistors are simple

: R
C ——1,.=V,./Xc V- 90° behind /
Xo=1lwC
: L

1 max — Vmax/ XL

V, 90° ahead of /
X, =0l
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Ly = Vi R V, in phase with /

Because resistors are simple

: R
C :: Imax = Vmax/XC VC 90° behind /
XC = 1/oC Current comes first since it
charges capacitor
: L

1 max — Vmax/ XL

V, 90° ahead of /
X, =L

smartPhy§iCS Electricity & Magnetism Lecture 20, Slide 7



Ly = Vi R V, in phase with /

Because resistors are simple

: R
C :: Imax = Vmax/XC VC 90° behind /
XC = 1/oC Current comes first since it
charges capacitor
: L

1 max — Vmax/ XL

V, 90° ahead of /
X, =L Opposite of capacitor

smartPhy§iCS Electricity & Magnetism Lecture 20, Slide 7



Ly = Vi R V, in phase with /

Because resistors are simple

: R
C :: Imax = Vmax/XC VC 90° behind /
XC = 1/oC Current comes first since it
charges capacitor
: L

Like a wire at high w

1 max — Vmax/ XL

V, 90° ahead of /
X, =L Opposite of capacitor

smartPhy§iCS Electricity & Magnetism Lecture 20, Slide 7



Ly = Vi R V, in phase with /

Because resistors are simple

: R
C :: Imax = Vmax/XC VC 90° behind /
XC = 1/oC Current comes first since it
charges capacitor
: L

Like a wire at high w

1 max — Vmax/ XL

V, 90° ahead of /

X, =L Opposite of capacitor
Like a wire at low m
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Makes sense to write everything in
terms of / since this is the same
everywhere in a one-loop circuit:

Vmax = Imax XC
J790° behind /

Vmax = Imax XL
J790° ahead of /

Vmax = [max R
J"in phase with /
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Makes sense to write everything in
terms of / since this is the same
everywhere in a one-loop circuit:

Vmax = Imax XC

}90° behind /

Vmax = Imax XL
J790° ahead of /

Vmax = [max R
J"in phase with /

Phasors make this
simple to see

1 max XL

max

smartPhysics

Electricity & Magnetism Lecture 20, Slide 8



Makes sense to write everything in
terms of / since this is the same
everywhere in a one-loop circuit:

Vmax = Imax XC

}90° behind /

Vmax = Imax XL
J790° ahead of /

Vmax = [max R
J"in phase with /

Phasors make this
simple to see

1 max XL

I X,

max

Always looks the same.
Only the lengths will change

smartPhysics
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Makes sense to write everything in
terms of / since this is the same
everywhere in a one-loop circuit:

Vmax = Imax XC

}90° behind /

Vmax = Imax XL
J790° ahead of /

Vmax = [max R
J"in phase with /

“Do you have any fancy-schmancy
simulations for to show me?”

Phasors make this
simple to see

1 max XL

I X,

max

Always looks the same.
Only the lengths will change

smartPhysics
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The Voltages still Add Up

But now we are adding vectors:

[ X,

max

max

I X,

max
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The Voltages still Add Up

But now we are adding vectors:

Y
Imax XL [max XL
Smax
[max R IMCDC R
Imax XC ]max XC
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The Voltages still Add Up

| I max ‘\ '

But now we are adding vectors:

Y
gmax
Imax XL [max XL
Imu.\‘ R
]max R
Smax
]max R ]max R ]max XC
[max XL
€
Imax XC 1 max X C max
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Make this Simpler

| I max ‘\ '

Ima\' ‘\-L
Imax XL Imax XL
gmax
]max R ]max R
]max XC [max XC
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Make this Simpler

| I max ‘\ '

Ima\' ‘\-L
Imax XL Imax XL
gmax
]max R ]max R
]max XC [max XC
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Make this Simpler

| I max ‘\ '

Ima\' ‘\-L
Imax XL Imax XL
gmax
]max R ]max R
]max XC [max XC
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Make this Simpler

| I max ‘\ '

/ max ‘\’L
1 max XL
1 max R
I max X C
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Make this Simpler

| I max ‘\ '

/ max ‘\’L
1 max XL
€ max = Lyax 2
I R Z
1 max R
I max X C
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Make this Simpler

| I max ‘\ '

/ max ‘\’L
1 max XL
€ max = Lyax 2
IR d
1 max R
I max X C
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Make this Simpler

| I max ‘\ '

Ima.\' ‘\’L
gmax
Imax XL
€ max = Lyax 2
d [max(XL o XC)
]max R
]max R
[max XC

smartPhySICS Electricity & Magnetism Lecture 20, Slide 11



Make this Simpler
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Make this Simpler

Ly N1
8max - ]maxZ "
d Imax(XL o XC)
[max R
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Make this Simpler

8maz)c - Imax Z

T - X0

I R

max

Z=yR*+(X, - X_.)’
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Make this Simpler

8maz)c - Imax Z

L0 K- X0

I R

max

Z=yR*+(X, - X_.)’
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Make this Simpler

8maz)c - Imax Z

L0 K- X0

I R

max

Z=yR*+(X, - X_.)’
7

Impedance Triangle

Xc

X —
tan (¢) = LR
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Summary

VCmax = ]max XC

VLmax =ImaxXL L.\,
VRmax = ImaxR

8mazx =Ly 2

Lw=€, .« /7

Z=\R*+(X, - X.)

Z=yR+(x, - X}

X, =X
tan(¢)= LR C R C/Iz\(fg)
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Example: RL Circuit X. =0

] max ‘\L
nax

I XL 1 max R

max

max
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Example: RL Circuit X. =0

] max ‘\L
nax

Imax XL 1 max R
Smax
Imax R
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CheckPoint 2

2) ARL circuit is driven by an AC generator as shown in the figure.

L

& sin(wt)

The voltages across the resistor and generator are
A O always out of phase
B O always in phase

C O sometimes in phase and sometimes out of phase
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CheckPoint 2

2) ARL circuit is driven by an AC generator as shown in the figure.

L Draw Voltage Phasors

& sin(wt)

The voltages across the resistor and generator are
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CheckPoint 2
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L Draw Voltage Phasors
]max XL

max

I R

max

& sin(wt)

The voltages across the resistor and generator are
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CheckPoint 2

2) ARL circuit is driven by an AC generator as shown in the figure.

L Draw Voltage Phasors
]max XL

max

I R

max

& sin(wt)

The voltages across the resistor and generator are
A IO always out of phase |
alw

B ays in phase
C O sometimes in phase and sometimes out of phase

1
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CheckPoint 4

A RL circuit is driven by an AC generator as shown in the figure.

L

& sin(wt)

The voltages across the resistor and the inductor are
A O always out of phase
B O always in phase
C O sometimes in phase and sometimes out of phase
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CheckPoint 4

A RL circuit is driven by an AC generator as shown in the figure.

L Draw Voltage Phasors
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CheckPoint 4

A RL circuit is driven by an AC generator as shown in the figure.

L

& sin(wt)

The voltages across the resistor and the inductor are

A O always out of phase
B O always in phase
C O sometimes in phase and sometimes out of phase

Draw Voltage Phasors
]max XL

max

I R

max

1

smartPhysics
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CheckPoint 4

A RL circuit is driven by an AC generator as shown in the figure.

L

& sin(wt)

The voltages across the resistor and the inductor are

A I% always out of phase |
B O always in phase
C O sometimes in phase and sometimes out of phase

Draw Voltage Phasors
]max XL

max

I R

max

1

smartPhysics
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CheckPoint 6

A RL circuit is driven by an AC generator as shown in the figure.

L

& sin(wt)

6) The phase difference between the CURRENT tluough the resistor and inductor
A Ois always zero

B Ois always 90°
C Odepends on the value of L and R
D Odepends on L, R and the generator voltage
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CheckPoint 6

A RL circuit is driven by an AC generator as shown in the figure.

L

The CURRENT is THE CURRENT

& sin(wt)

6) The phase difference between the CURRENT tluough the resistor and inductor
A Ois always zero
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D Odepends on L, R and the generator voltage
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CheckPoint 6

A RL circuit is driven by an AC generator as shown in the figure.

The CURRENT is THE CURRENT
L Imax XL

R 8max
I R

max

& sin(wt)

6) The phase difference between the CURRENT tluough the resistor and inductor
A Ois always zero

B Ois always 90°

C O depends on the value of L and R

D Odepends on L, R and the generator voltage
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CheckPoint 6

A RL circuit is driven by an AC generator as shown in the figure.

The CURRENT is THE CURRENT
L Imax XL

R Smax
[max R

; ¢ is the phase between
E SIﬂ(O)t) generator and current

6) The phase difference between the CURRENT tluough the resistor and inductor
A Ois always zero

B Ois always 90°

C O depends on the value of L and R

D Odepends on L, R and the generator voltage
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CheckPoint 6

A RL circuit is driven by an AC generator as shown in the figure.

The CURRENT is THE CURRENT
L Imax XL

R £

max
[max R

; ¢ is the phase between
E SIﬂ(O)t) generator and current

6) The phase difference between the CURRENT tluough the resistor and inductor
A IOis always zero I

B Ois always 90°
C O depends on the value of L and R
D Odepends on L, R and the generator voltage
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CheckPoint 8

(A dnven RLC cocwt 1s represented by the phasor diagram below.

L +V

L

IX¢

& sin(mt)

The vertical axis of the phasor diagram represents voltage. When the cuurent through the circuit 1s maxuonum, what is the
potential difference across the mductor?

AOwV=0
B OVi=Vimax/2
C OVL=Vbnax
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CheckPoint 8

 Adnven RLC cucwt 1s represented by the phasor diagram below. L

L +V

IX¢

& sin(mt)

The vertical axis of the phasor diagram represents voltage. When the cuurent through the circuit 1s maxuonum, what is the
potential difference across the mductor?
AOvri=0

B OVi=Vimax/2

C O Vi = Vimax

What does the voltage phasor diagram look like
when the current is a maximum?
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CheckPoint 8

 Adnven RLC cucwt 1s represented by the phasor diagram below. L

L +V

IX¢
& sin(mt
(ot) l
The vertical axis of the phasor diagram represents voltage. When the cuurent through the circuit 1s maxuonum, what is the
potential difference across the mductor? s
A Ovp=0 € IR
B O V L= Vb’mxfz
C Ovr= Vimax

IX; IX,

What does the voltage phasor diagram look like
when the current is a maximum?
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CheckPoint 8

 Adnven RLC cucwt 1s represented by the phasor diagram below. L

L +V

IX¢

& sin(mt)

The vertical axis of the phasor diagram represents voltage. When the cuurent through the circuit 1s maxuonum, what is the

1al differ ss the mductor? s
A Ovr=0 € IR
B Vi= VLmaxfz

C OVL=VLmax

IX; IX,

What does the voltage phasor diagram look like
when the current is a maximum?
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CheckPoint 10

i A diven RLC circwmt 1s represented by the phasor diagram below, =

L

|
|
: IXe

& sin(mt)

When the capacitor is fully charged, what 1s the magmtude of the voltage across the mductor?
AOVI=0
B O Vi = Vimari2
CO Vi = Vimax
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CheckPoint 10

i A diven RLC circwmt 1s represented by the phasor diagram below,

L

!»{g___”.

|
|
: IXe

& sin(wt)

When the capacitor is fully charged, what 1s the magmtude of the voltage across the mductor?
AOVI=0
B O Vi = Vimari2
CO Vi = Vimax

What does the voltage phasor diagram look like when the
capacitor is fully charged?
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L X,
IR

|
|
: IXe
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CheckPoint 10

i A diven RLC circwmt 1s represented by the phasor diagram below,
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IR

~
~

v
>

|
|
: IXe

& sin(wt)

When the capacitor is fully charged, what 1s the magmtude of the voltage across the mductor?
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B O Vi = Vimari2
CO Vi = Vimax
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CheckPoint 10

i A diven RLC circwmt 1s represented by the phasor diagram below,

L

!»{g___”.

X,

IR

~
~

v
>

|
|
: IXe

& sin(wt)

When the capacitor is fully charged, what 1s the magmtude of the voltage across the mductor?

AOVI=0
B OVi=Vimaxi2
|COVL=VLmax |

What does the voltage phasor diagram look like when the
capacitor is fully charged?
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CheckPoint 12

A dnven RLC cuowt i1s represented by the phasor diagram below. =

L +V

I
I
| IXc
& sin(ot) -

12) When the voltage across the capacitor is at its positive maxmaum, Ve=+Ve o what is the voltage

across the mductor?

A OV;=0
B OV =V
C OVL='V£max
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CheckPoint 12

A diven RLC cuemt is represented by the phasor diagram below. -

L +V

|
|
| I1Xc
& sin(mt) _Vi

12) When the voltage across the capacitor is at its positive maxmaum, Ve=+Ve o what is the voltage

across the mductor?
A OV;=0

B OV =V

C OV =V

1

What does the voltage phasor diagram look like when the voltage
across capacitor is at its positive maximum?
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CheckPoint 12

A diven RLC cuemt is represented by the phasor diagram below.

L +V

|
|
: IXc

& sin(mt)

12) When the voltage across the capacitor is at its positive maxmaum, Ve=+Ve o what is the voltage
across the mductor?

A OV;=0

B ov,=v,,,,

C OV =V

1

What does the voltage phasor diagram look like when the voltage
across capacitor is at its positive maximum?
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CheckPoint 12

A diven RLC cuemt is represented by the phasor diagram below. =
;:u
L +V) & T
|
I
I S
| - e mmm—— — — — = —
R |
' w
|
: IXc 4
H ~
& sin(mt) i S

12) When the voltage across the capacitor is at its positive maxmaum, Ve=+Ve o what is the voltage
across the mductor?

A OV;=0

B ov,=v,,,,

C OV =V

1

What does the voltage phasor diagram look like when the voltage
across capacitor is at its positive maximum?
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CheckPoint 12

A diven RLC cuemt is represented by the phasor diagram below. =
;:u
L +V) & T
|
I
I S
| - e mmm—— — — — = —
R |
' w
|
: IXc 4
H ~
& sin(mt) i S

12) When the voltage across the capacitor is at its positive maxmaum, Ve=+Ve o what is the voltage
across the mductor?

A OV;=0
B Oov,=v,

I C OV =7, |

What does the voltage phasor diagram look like when the voltage
across capacitor is at its positive maximum?

1
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Calculation

Consider the harmonically driven series LCR circuit shown. C

V,..=100V | |

I _=2mA | |

Vemae = 113V % /
R

The current leads generator voltage by 45°

L and R are unknown.

What is X, the reactance of the inductor, at this frequency?
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Calculation

Consider the harmonically driven series LCR circuit shown. C

V,..=100V | |

I _=2mA | |

Vemae = 113V % /
R

The current leads generator voltage by 45°

L and R are unknown.

What is X, the reactance of the inductor, at this frequency?

Conceptual Analysis
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Calculation

Consider the harmonically driven series LCR circuit shown.

Ve = 100V
|

I =2mA

Ve, =113V " .

max

The current leads generator voltage by 45° P

L and R are unknown.

What is X, the reactance of the inductor, at this frequency?

Conceptual Analysis
The maximum voltage for each component is related to its reactance and to the

maximum current.
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Calculation

Consider the harmonically driven series LCR circuit shown.

Ve = 100V
|

I =2mA

Ve, =113V " .

max

The current leads generator voltage by 45° P

L and R are unknown.

What is X, the reactance of the inductor, at this frequency?

Conceptual Analysis
The maximum voltage for each component is related to its reactance and to the

maximum current.
The impedance triangle determines the relationship between the maximum

voltages for the components
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Calculation

Consider the harmonically driven series LCR circuit shown.

Ve = 100V
|

I =2mA

Ve, =113V " .

max

The current leads generator voltage by 45° P

L and R are unknown.

What is X, the reactance of the inductor, at this frequency?

Conceptual Analysis
The maximum voltage for each component is related to its reactance and to the

maximum current.
The impedance triangle determines the relationship between the maximum

voltages for the components

Strategic Analysis
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Calculation

Consider the harmonically driven series LCR circuit shown.

Ve = 100V
|

I =2mA

Ve, =113V " .

max

The current leads generator voltage by 45° P

L and R are unknown.

What is X, the reactance of the inductor, at this frequency?

Conceptual Analysis
The maximum voltage for each component is related to its reactance and to the

maximum current.
The impedance triangle determines the relationship between the maximum

voltages for the components

Strategic Analysis
Use )/, .and/ to determine Z
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Calculation

Consider the harmonically driven series LCR circuit shown.

Ve = 100V
|

I =2mA

Ve, =113V " .

max

The current leads generator voltage by 45° P

L and R are unknown.

What is X, the reactance of the inductor, at this frequency?

Conceptual Analysis
The maximum voltage for each component is related to its reactance and to the

maximum current.
The impedance triangle determines the relationship between the maximum

voltages for the components

Strategic Analysis
Use )/, .and/ to determine Z

Use impedance triangle to determine R

Electricity & Magnetism Lecture 20, Slide 22

smartPhysics



Calculation

Consider the harmonically driven series LCR circuit shown.

Ve = 100V
|

I =2mA

Ve, =113V " .

max

The current leads generator voltage by 45° P

L and R are unknown.

What is X, the reactance of the inductor, at this frequency?

Conceptual Analysis
The maximum voltage for each component is related to its reactance and to the

maximum current.
The impedance triangle determines the relationship between the maximum

voltages for the components

Strategic Analysis
Use )/, .and/ to determine Z

Use impedance triangle to determine R

Use V., .. and impedance triangle to determine X,
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Calculation

Consider the harmonically driven series LCR circuit shown.

Viar = 100V
I, ..=2mA
Vemae = 113V

The current leads generator voltage by 45°
L and R are unknown.

What is X, the reactance of the inductor, at this frequency?

Compare X, and X at this frequency:

A) X, <X, B) X, =X, C) X, > X, D) Not enough information

smartPhysics
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Calculation

V...=100V |
I, ..=2mA |
Vemae = 113V % I
The current leads generator voltage by 45°

R
L and R are unknown.

Consider the harmonically driven series LCR circuit shown. C
|
I

What is X, the reactance of the inductor, at this frequency?

Compare X, and X at this frequency:
A) X, <X, B) X, =X, C) X, > X, D) Not enough information

This information is determined from the phase
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Calculation

V...=100V |
I, ..=2mA |
Vemae = 113V % I
The current leads generator voltage by 45°

R
L and R are unknown.

Consider the harmonically driven series LCR circuit shown. C
|
I

What is X, the reactance of the inductor, at this frequency?

Compare X, and X at this frequency:
A) X, <X, B) X, =X, C) X, > X, D) Not enough information

This information is determined from the phase
Current leads voltage

smartPhyfiCS Electricity & Magnetism Lecture 20, Slide 23



Calculation

V...=100V |
I, ..=2mA |
Vemae = 113V % I
The current leads generator voltage by 45°

R
L and R are unknown.

Consider the harmonically driven series LCR circuit shown. C
|
I

What is X, the reactance of the inductor, at this frequency?

Compare X, and X at this frequency:
A) X, <X, B) X, =X, C) X, > X, D) Not enough information

This information is determined from the phase
Current leads voltage IR
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Calculation

V...=100V |
I, ..=2mA |
Vemae = 113V % I
The current leads generator voltage by 45°

R
L and R are unknown.

Consider the harmonically driven series LCR circuit shown. C
|
I

What is X, the reactance of the inductor, at this frequency?

Compare X, and X at this frequency:
A) X, <X, B) X, =X, C) X, > X, D) Not enough information

This information is determined from the phase
v, Current leads voltage IR

Ve (phase of current)
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Consider the harmonically driven series LCR circuit shown.

Viar = 100V
I, ..=2mA
Vemae = 113V

The current leads generator voltage by 45°
L and R are unknown.

What is X, the reactance of the inductor, at this frequency?

Compare X, and X at this frequency:

A) X, <X, B) X, =X, C) X, > X, D) Not enough information

This information is determined from the phase

v, Current leads voltage

Ve (phase of current)

IR

smartPhysics
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Consider the harmonically driven series LCR circuit shown.

Viar = 100V
I, ..=2mA
Vemae = 113V

The current leads generator voltage by 45°
L and R are unknown.

What is X, the reactance of the inductor, at this frequency?

Compare X, and X at this frequency:

A) X, <X, B) X, =X, C) X, > X, D) Not enough information

This information is determined from the phase

v, Current leads voltage

Ve (phase
l

Ve < leads

IR

smartPhysics

Electricity & Magnetism Lecture 20, Slide 23



V...=100V
I, ..=2mA |
Vemae = 113V % I
The current leads generator voltage by 45°

R
L and R are unknown.

Consider the harmonically driven series LCR circuit shown. C
|
I

What is X, the reactance of the inductor, at this frequency?

Compare X, and X at this frequency:
A) X, <X, B) X, =X, C) X, > X, D) Not enough information

This information is determined from the phase

v, Current leads voltage IR
V, =1
L maxXL V, (phase
VC = Imax‘XC l 4
Ve < leads
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Consider the harmonically driven series LCR circuit shown.

Viar = 100V
I, ..=2mA
Vemae = 113V

The current leads generator voltage by 45°
L and R are unknown.

What is X, the reactance of the inductor, at this frequency?

Compare X, and X at this frequency:

| A X, <X, | B) X, = X, C) X, > X, D) Not enough information

This information is determined from the phase

v, Current leads voltage

Vi =X
ma V. (phase
pﬂf ==Jgnax)(k7 l

Ve < leads

IR

smartPhysics
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Calculation

Consider the harmonically driven series LCR circuit shown. C =/
V,..=100V | |

]max =2 mA | |

Vemae = 113V % /
The current leads generator voltage by 45° P

L and R are unknown.

What is X, the reactance of the inductor, at this frequency?
What is Z, the total impedance of the circuit?

A) 70.7 k€Q B) 50 kQ C)35.4 kQ D)21.1 kQ
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Calculation

Consider the harmonically driven series LCR circuit shown. C =/
V...=100V |

Imax =2 mA | |

Vemae = 113V % /
The current leads generator voltage by 45° P

L and R are unknown.

What is X, the reactance of the inductor, at this frequency?
What is Z, the total impedance of the circuit?

A) 70.7 k€2 B) 50 k€Q C)35.4 k€2 D)Zl.l k€
7 _ Ve _ 100V _ 5010
I 2mA
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Calculation

Consider the harmonically driven series LCR circuit shown. C =/
V...=100V |

Imax =2 mA | |

Vemae = 113V % /
The current leads generator voltage by 45° P

L and R are unknown.

What is X, the reactance of the inductor, at this frequency?
What is Z, the total impedance of the circuit?

A) 70.7kQ |_B) 50 kQ | C)354k D)211kQ
7 V. _ 100V _50KO
I 2mA
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Calculation

Consider the harmonically driven series LCR circuit shown. C
V...=100V |

I _=2mA |

Vemae = 113V % /

The current leads generator voltage by 45°

R

L and R are unknown.

What is X, the reactance of the inductor, at this frequency? Z =50ke2
What is R? sin(45°) =0.707
A) 70.7kQ B) S0 kQ C) 354k D) 211 k@ cos(45°) =0.707

smartPhysics
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Calculation

Consider the harmonically driven series LCR circuit shown. C =/
V,..=100V | |

I _=2mA |

Vemae = 113V % /

The current leads generator voltage by 45°

R

L and R are unknown.

What is X, the reactance of the inductor, at this frequency? Z =50ke2
What is R? sin(45°) =0.707
A) 70.7kQ B) S0 kQ C) 354k D) 211 k@ cos(45°) =0.707

Determined from impedance triangle
R

%\\ (XC o XL)
)

%o
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Calculation :
Consider the harmonically driven series LCR circuit shown. C =/
V,..=100V | |
I _=2mA |
Vemae = 113V % /
The current leads generator voltage by 45°
R
L and R are unknown.
What is X, the reactance of the inductor, at this frequency? Z =50ke2
What is R? sin(45°) =0.707
A) 70.7kQ B) 50 kQ C) 354kQ D) 21.1kQ c0s(45°) =0.707

Determined from impedance triangle

i R
cos(45) =—
%\\ (XC - XL) Z

J

%o
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Calculation :
Consider the harmonically driven series LCR circuit shown. C =/
V,..=100V | |
I _=2mA |
Vemae = 113V % /
The current leads generator voltage by 45°
R
L and R are unknown.
What is X, the reactance of the inductor, at this frequency? Z =50ke2
What is R? sin(45°) =0.707
A) 70.7kQ B) 50 kQ C) 354kQ D) 21.1kQ c0s(45°) =0.707

Determined from impedance triangle

" R
cos(45) = — R = 7 cos(45°
A N e Al

J

%o
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Calculation :
Consider the harmonically driven series LCR circuit shown. C =/
V,..=100V | |
I _=2mA |
Vemae = 113V % /
The current leads generator voltage by 45°
R
L and R are unknown.
What is X, the reactance of the inductor, at this frequency? Z =50ke2
What is R? sin(45°) =0.707
A) 70.7kQ B) 50 kQ C) 354kQ D) 21.1kQ c0s(45°) =0.707

Determined from impedance triangle

K R
COS(45) = = ==p R =_Zcos(45°
%\ (XC_ XL) VA ()
N =50 kQ x 0.707
o
= 35.4kQ
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Calculation :
Consider the harmonically driven series LCR circuit shown. C =/
V,..=100V | |
I _=2mA |
Vemae = 113V % /
The current leads generator voltage by 45°
R
L and R are unknown.
What is X, the reactance of the inductor, at this frequency? Z =50ke2
What is R? sin(45°) =0.707
p) 07kQ  B)SOKQ | ) 354kQ | p)2L1ke c05(45°) =0.707

Determined from impedance triangle

K R
COS(45) = = ==p R =_Zcos(45°
%\ (XC_ XL) VA ()
N =50 kQ x 0.707
o
= 35.4kQ
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Calculation

Consider the harmonically driven series LCR circuit shown. C
V...=100V |
I _=2mA |
Vemae = 113V % /
The current leads generator voltage by 45°
R
L and R are unknown.
What is X, the reactance of the inductor, at this frequency? Z =50k
R =35.4kQ

A) 70.7 kQ B)50 kQ C)354kQ D) 21.1kQ
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Calculation

Consider the harmonically driven series LCR circuit shown.

v =100V
I =2mA I

Ve = 113V " .

The current leads generator voltage by 45° P

L and R are unknown.

Z=50kQ

What is X, the reactance of the inductor, at this frequency?

B) 50 kQ C)35.4 kQ D) 21.1 kQ

R =35.4kQ

A) 70.7 kQ

We start with the
impedance triangle:

R
(XC_ XL)
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Calculation

Consider the harmonically driven series LCR circuit shown. C =/
V...=100V |
I _=2mA |
Vemae = 113V % /
The current leads generator voltage by 45° R
L and R are unknown.
What is X, the reactance of the inductor, at this frequency? Z =50k
A) 70.7 kQ B)50 kQ C)354kQ D) 21.1 kQ R =354k
We start with the
X —-X
impedance triangle: € "~ L _tan45°=1
R
(XC_ XL)
VA
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Calculation

Consider the harmonically driven series LCR circuit shown. C =/
V...=100V |
I _=2mA |
Vemae = 113V v /
The current leads generator voltage by 45°
R
L and R are unknown.
What is X, the reactance of the inductor, at this frequency? Z =50k
A) 70.7 ke B)50 kQ C)35.4kQ D) 21.1kQ R =358k
We start with the X - X
impedance triangle: € "L _tan45° =] ==—p XL = XC - R
R
(XC_ XL)
VA
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Calculation

Consider the harmonically driven series LCR circuit shown. C =/
V,..=100V | |
I _=2mA |
Vemae = 113V v /
The current leads generator voltage by 45°
R
L and R are unknown.
What is X, the reactance of the inductor, at this frequency? Z =50k
A) 70.7 ke B)50 kQ C)35.4kQ D) 21.1kQ R =358k
We start with the X - X
impedance triangle: € "L _tan45° =] ==—p XL = XC - R
K What is X.?
(XC_ XL)
VA
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Calculation

Consider the harmonically driven series LCR circuit shown. C =/
V,..=100V | |
I _=2mA |
Vemae = 113V v /
The current leads generator voltage by 45° P
L and R are unknown.
What is X, the reactance of the inductor, at this frequency? Z =50k
A) 70.7 ke B)50 kQ C)35.4kQ D) 21.1kQ R =358k
We start with the X - X
impedance triangle: € "L _tan45° =] ==—p XL = XC - R
R What is X.?
7 (XC - XL) Cmax maxXC
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Calculation :
Consider the harmonically driven series LCR circuit shown. C =/
V...=100V |
I _=2mA |
Vemae = 113V v /
The current leads generator voltage by 45° P
L and R are unknown.
What is X, the reactance of the inductor, at this frequency? Z=50kQ
A) 70.7 ke B)50 kQ C)35.4kQ D) 21.1kQ R =358k
We start with the X - X
impedance triangle: € "L _tan45° =] ==—p XL = XC - R
R What is X.?
(XC - XL) Cmax maxXC
VA
113

XC = 7 = 565[(9
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Calculation :
Consider the harmonically driven series LCR circuit shown. C =/
V,..=100V |
I _=2mA |
Vemae = 113V % /
The current leads generator voltage by 45°
R
L and R are unknown.
What is X, the reactance of the inductor, at this frequency? Z =50k
A) 70.7 kQ B)50 kQ C)354kQ D) 21.1 kQ R =354k
We start with the Y X
impedance triangle: € "L _tan45°=] =—p XL = XC - R
R What is X.?
(XC - XL) Cmax maxXC
VA
113
X, =—==56.5kQ
X; =56.5kQ - 354 kQ - 2
Electricity & Magnetism Lecture 20, Slide 26

smartPhysics



Calculation :
Consider the harmonically driven series LCR circuit shown. C =/
V...=100V |
I _=2mA |
Vemae = 113V % /
The current leads generator voltage by 45°
R
L and R are unknown.
What is X, the reactance of the inductor, at this frequency? Z =50k

A) 70.7kQ B)50 kQ C)35.4kQ ‘ D) 21.1kQ \ R =358k

We start with the X - X
impedance triangle: € "L _tan45°=] =—p XL = XC - R
R What is X.?
(XC - XL) Cmax maxXC
VA
113
X, =—>=56.5kQ
X, =565kQ -354kQ 2
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