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Resistance of a light bulb filament.

Thin tungsten coill.

R=150 Q
p =73 x10-8Q-m (at 2000 C)
L=0.5m

Find the diameter of the wire.
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Resistance of a light bulb filament.

Thin tungsten coill.

R=150 Q
p =73 x10-8Q-m (at 2000 C)
L=0.5m

Find the diameter of the wire.

R=pL=4pI2_
A nd

-8
d- /4pL _ 4(73x107°)(0.5) _55%10-°m
nR n(150)

95 um
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Ch17.6
Temperature dependence of resistance
metal conductors

L O

At higher T the collisions with the lattice are
more frequent.

Vp becomes lower

R becomes larger
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Temperature coefficient of resistivity

For small changesin T

p = p,[1+a(T -T,)] P /
slope =a

T
Material o (C°)' near20°C
Copper 3.9x10-3
Tungsten 4.5x10-3

Silicon -7.5x103
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Thermometry

A platinum resistance thermometer uses the change in
resistance to measure temperature. If a student with the

flu has a temperature rise of 4.5° C measured with a platinum
resistance thermometer and the initial R= 50.00 onms. What is
the final resistance? a=3.92x10-3°C-1
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Thermometry

A platinum resistance thermometer uses the change in
resistance to measure temperature. If a student with the

flu has a temperature rise of 4.5° C measured with a platinum
resistance thermometer and the initial R= 50.00 onms. What is
the final resistance? a=3.92x10-3°C-1

Rop
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Thermometry

A platinum resistance thermometer uses the change in
resistance to measure temperature. If a student with the

flu has a temperature rise of 4.5° C measured with a platinum
resistance thermometer and the initial R= 50.00 onms. What is
the final resistance? a=3.92x10-3°C-1

Rop

R=R[1+a(T -T,)]
R = 50.00[1+3.92x1073(4.5)]
R = 50.00[1.018] = 50.88Q
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17. 8
Electrical energy, power

The power dissipated in a resistor is due to
collisions of charge carriers with the lattice.

Electrical potential energy is converted to
Kinetic energy is converted into heat.

AN

AV
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Energy dissipated in a resistor

Voltage drop
AV
AV —— R Change in PE =gAV

Dissipated as heat
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Power dissipated in a resistor

- work qAV

P =—
time At

Three equivalent relations for the power
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Power dissipated in a resistor

p_ work qAV
time At
P =IAV
P=I(IR)=I°R
2
p_ (AV)AV _ AV
R

Three equivalent relations for the power
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AV —

A lightbulb has an output
of 100 W when connected
to a 120V household
outlet. What is the
resistance of the filament?
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A lightbulb has an output

of 100 W when connected
@  toa120V household
outlet. What is the
resistance of the filament?

~AV?
R
vz 1207
P 100

P

=144
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A heating element in an electric range is rated at 2000 W.
Find the current required if the voltage is 240 V. Find the
resistance of the heating element.
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A heating element in an electric range is rated at 2000 W.
Find the current required if the voltage is 240 V. Find the
resistance of the heating element.

P=IV
,_P_2000 ..,
V 240
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A heating element in an electric range is rated at 2000 W.
Find the current required if the voltage is 240 V. Find the
resistance of the heating element.

P=IV
,_P_2000 ..,
240

P=I°R
) F2> ) 20020 290
> 8.3
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Cost of electrical power

Kilowatt hour = 1TkW x1hr=1000J/s(3600s)=3.6x106J
1kW hr costs ~ $0.15

How much does it cost to keep a 100W light on for
24 hrs?
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Cost of electrical power

Kilowatt hour = 1TkW x1hr=1000J/s(3600s)=3.6x106J
1kW hr costs ~ $0.15

How much does it cost to keep a 100W light on for
24 hrs?

$

kwhr

Cost = kwhr =0.15(0.10)(24) = $0.36
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A 10 km copper power cable with a resistance of 0.24
() leads from a power plant to a factory. If the factory
uses 100 kW of power at a voltage of 120 V how
much power would be dissipated in the cable.

P=105 W
120 V
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A 10 km copper power cable with a resistance of 0.24
() leads from a power plant to a factory. If the factory
uses 100 kW of power at a voltage of 120 V how
much power would be dissipated in the cable.
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A 10 km copper power cable with a resistance of 0.24
() leads from a power plant to a factory. If the factory
uses 100 kW of power at a voltage of 120 V how
much power would be dissipated in the cable.

P, =IAV, |
A large current is

_ R _ 10° — 8 3x10%2A required to provide this
AV, 120 power at low voltage
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A 10 km copper power cable with a resistance of 0.24
() leads from a power plant to a factory. If the factory
uses 100 kW of power at a voltage of 120 V how
much power would be dissipated in the cable.

P, =IAV, |
A large current is

_ R _ 10° — 8 3x10%2A required to provide this
AV, 120 power at low voltage

P.=I’R_=(8.3x10°)?(0.24) =1.6x10°W
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A 10 km copper power cable with a resistance of 0.24
() leads from a power plant to a factory. If the factory
uses 100 kW of power at a voltage of 120 V how
much power would be dissipated in the cable.

P, =IAV, |
A large current is

_ R _ 10° — 8 3x10%2A required to provide this
AV, 120 power at low voltage

P.=I’R_=(8.3x107)?(0.24) =1.6x10°W

Very lossy cable
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Power Transmission

High voltage
AV, ..=10°V  Power loss=I’R ;.
H Power transferred=AV, . |
transformer
AV=120V
Low voltage

High voltage transmission- power transmitted with
lower current. Therefore lower I1?2R loss in the line.
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Chapter 18

* Resistors in Series

* Resistors in Parallel

 Combinations of Parallel and Series

« Combinations of Capacitors and Resistors

14

Wednesday, November 4, 2009



Ch 18. 2
Resistors in Series

What is the equivalent resistance R, ?

R | same, AV different
1

AV R,
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Ch 18. 2
Resistors in Series

What is the equivalent resistance R, ?

R, | same, AV different
AV=AV, + AV,
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Ch 18. 2

Resistors in Series

What is the equivalent resistance R, ?

AV —

R1
——
AV, ‘
AVZ% R

| same, AV different
AV=AV, + AV,

AV= IR, = IR, + IR,
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Ch 18. 2
Resistors in Series

What is the equivalent resistance R, ?

3 | same, AV different
I VAVAVA AV=AV, + AV,
AV,

~ AV=1R,, =IR; *+ IR,
AV —— AV2§ R

Req = Ry + R,
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Ch 18. 2

Resistors in Series

What is the equivalent resistance R, ?

R1
| AN
AV,

AV %
B 2

For N resistors in series

AV, < Ro

| same, AV different
AV=AV, + AV,

AV= IR, = IR, + IR,

Req = Ry + R,

Req Is larger
than any R
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Why Is the series law easy to
understand?

 Recall that the resistance of a resistor is
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Why do we care?
Consider Simple Circuit: Two resistors in Series

c " b
8 E

R % R AV
A

€
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Why do we care?
Consider Simple Circuit: Two resistors in Series

c " b
8 E

R R AV
A

€

-Ir

V £ AV \-I R
0

A B C D E F
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Why do we care?
Consider Simple Circuit: Two resistors in Series

c " D
A

B | E
| R AV
A
F
Voltage can be
-Ir ‘tailored’ to
/ produce any
voltage we
v € AV \'IR desire!
0
F

A B C D E

€
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Why is the parallel law easy to
understand?

 Recall that the resistance of a resistor is

L
R=pz

R ~ 1/Area

Wednesday, November 4, 2009



Why is the parallel law easy to
understand?

 Recall that the resistance of a resistor is

L
R=pz

R ~ 1/Area

A=A + A,
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Why is the parallel law easy to
understand?

 Recall that the resistance of a resistor is

L
R=pz

R ~ 1/Area

A=A + A,
A =1/R, + 1R,
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Why is the parallel law easy to
understand?

 Recall that the resistance of a resistor is

L
R=pz

R ~ 1/Area

A=A + A,
A =1/R, + 1R,
Ro~1/A, ~ (1R, + 1/R,)
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Resistors in parallel, AV same, | different
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Resistors in parallel, AV same, | different

Wednesday, November 4, 2009



Resistors in parallel, AV same, | different

1 2
)
- - AV _ AV AV
AV__—“_ 1 2% Req R1 R2
i o
= +
Req R1 R2
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Resistors in parallel, AV same, | different

|— =1, +1,
)
. - AV AV AV
AV__—“_ 1 2% Req R1 R2
\ N
= +
Req R1 RZ

For N resistors in parallel
1 1 1 1

+—+ +
R. R, R, R,

eq
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Resistors in parallel, AV same, | different

|— =1, +1,
)
. - AV AV AV
AV__—“_ 1 2% Req R1 R2
\ N
= +
Req R1 RZ

For N resistors in parallel
1 1 1 1

Req Is smaller than

= + i o +
R R R, R, any R

eq
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Comparisons: Resistors & Capacitors

* Resistors in series are like capacitors in
parallel.

* Resistors in parallel are like capacitors in
series.

* Thisis because R ~ L and C~1/L
 And because R~1/A and C~A

Wednesday, November 4, 2009



Ch 18 Kirchoff’'s 2 Rules

1. Junction rule
2. Loop rule
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Rule #1. “Junction rule”

The current flowing into a junction is equal to the
current flowing out.

VVAA .‘/ . VAVAYA
JA\V——— % 13
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Rule #1. “Junction rule”

The current flowing into a junction is equal to the
current flowing out.

VVAA ,‘/ ' VAVAYA
JA\V——— % 13

This comes from ‘conservation of charge’
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#2. Loop rule

“The sum of voltage differences in going around
a closed current loop is equal to zero”

e ———————

AV—_— '\ \

00p
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#2. Loop rule

The sum of voltage differences in going around a
closed current loop is equal to zero

VVAN - VAVAVA _
______ R ‘ , R
AV—— | o Rs (
,\ ) a )
AV, =0
oop
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Voltage changes in traversing the loop
Choose a current direction

-IR, current in traversal direction
+|IR current in opposite direction
+AV voltage increases along traversal direction
-AV voltage decreases along traversal direction

VVAN AANA _
R R,
AV Ry
_____________ - —L v,
T

If | is negative when you solve the equations, the current flows in
the opposite direction than you chose.
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Not all loop equations are independent

VIV VAVAVA _
Ry ‘ | R,
3
AV—_“_— R3 %

only 2 of these equations are independent
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Not all loop equations are independent

VIV AAN
jommmTTT 3
AV—L R %

AV IR -IR, =0

only 2 of these equations are independent
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Not all loop equations are independent

’ l,
VAN AN
Ry ‘ | R,
AV—— R3§ ’
AV IR, -I,R, =0 LR, -1,R, =0

only 2 of these equations are independent
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Not all loop equations are independent

__________________ P ,
VAN A AN _
| R ‘ . R
AV - I1R “IR,=0  LR,~1,R, =0

AV IR -1R, =0

only 2 of these equations are independent
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Using Kirchoff’s rules

(1) Write the equations for the junction rule.

(2) Write the equations for the loop rule. Choose a
direction for currents. If the current is negative
then it flows in the opposite direction. Use as
many equations as necessary to solve for all
unknown quantities. (for n unknowns need n
equations).

(3) Solve the set of equations for n unknown
quantities.
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No. equations needed=

Find I, I, I3
no. Junction=
L L No. loop =
VAVAVA AN
2() \ , 40
10V  — SV

V=IR
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No. equations needed= 3

Find I, I, I3
no. Junction=
L L No. loop =
VAVAVA AN
2() \ , 40
10V  — SV

V=IR
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No. equations needed= 3

Find 1., 1, I,
no. Junction= 1
: 2 No. loop =
AN AAN
2() \ , 40
10V  — SV

V=IR
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No. equations needed= 3

Find 1., 1, I,
no. Junction= 1
. L No.loop= 2
AN AAA
2() \ , 40
10V  — SV

V=IR
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No. equations needed= 3

Find 1, I, I
no. Junction= 1
. L No.loop= 2
AN AAN
2() | , 40
10V — S\
V=IR

=1, +1,
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Find 1., 1, I,

10V

No. equations needed= 3

no. Junction= 1

I
1 2 No.loop= 2
2Q) N V| 40
____________ ; 3
— BV
V=IR
=1, +1,

10-2/,-5=0 )
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No. equations needed= 3

Find I, I, I3
no. Junction= 1

. L No.loop= 2
VWAL AN
20 40
10V — 5V_
V=IR
10-2/-5=0 =1, +1, 5-4l,=0
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No. equations needed= 3

Find I, I, I3
no. Junction= 1

. L No.loop= 2
VWAL AN
20 40
10V — 5V_
V=IR
10-2/-5=0 =1, +1, 5-4l,=0

A=1%§§=25A
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No. equations needed= 3

Find I, I, I3
no. Junction= 1

. 2 No. loop = 2
VWAL AN
20 11 40
10V — 5V_
V=IR
10-2/-5=0 =1, +1, 5-4l,=0
_ S
/1=—1O ° _ 254 h=7=1.294
2
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No. equations needed=

Find I, I,, I
no. Junction=
L > No. loop =
VWAL AN
2Q) e , 4Q
10V — 5V_ |
V=IR |
10-2/-5=0 =1, +1, 5-4l,=0
_ S
/1=—1O ° _ 254 h=7=1.294
2
Is - I1 - Iz

I, =2.5-1.25=1.25A

3

1
2
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Chapter 18.5 RC circuit

Time dependent currents and voltages.

Applications. clocks, timing circuits,
computers.

Time to charge and discharge of a capacitor
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RC circuit

AV —— C

switch

When the switch is closed how does the current
and voltage change with time?
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RC circuit

Switch off

Capacitor uncharged

c AV_=0
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Charging

R Switch on
VV NN ————
| +q AV 1
—— —— C
AV, _ C
I -g
AV, -IR-AV, =0

switch

When the switch is initially closed the voltage on the
capacitor is zero.

Charge is transferred to the capacitor at a rate |=dqg/dt.

As the capacitor is charging the charge and voltage on the
capacitor increases with time and the current decreases.

Wednesday, November 4, 2009



Charging Capacitor

Y
R
A
q 1 N g .
AV, T T MNe-g
0 q
Time (t) AVo =IR+3
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Charging Capacitor

Y
R
A
q 1 N g .
AV, T T MNe-g
0 q
Time (t) AVo =IR+3
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Charging Capacitor

Y
R
A
q 1 N g .
AV, T T MNe-g
0 q
Time (t) AVo =IR+3
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Charging Capacitor

R
AW
1 N g .
AV, T+ T Me=g¢
N . AV, = IR+
h Time (1) 0
short times
q —
AV, =
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Charging Capacitor

R

W%
L N9 .
AV, T T AV =

! i AV IR+
N Time (t) o
short times iptermediate
times
q =
AV, =
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Charging Capacitor

/// \\
\ \\,/// R
A
1 N g .
AV, T Tec Mg
. _ AV, IR+
- Time (t) ° C
. intermediate
short times fimes long times
q —_
AV, =
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Charging Capacitor

/// \\
\ \\,/// R
AN
1 N g .
AV, T Tec Mg
_ AV, =IR +
Time (t) ° C
. intermediate
short times fimes long times
g= ~0
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Charging Capacitor

C
= _ AV, = IR+ 2
- Time (t) ° C
. intermediate
short times fimes long times
g= 0
AV, = =0
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Charging Capacitor

R
A
1 N g
AV _ T TC
= _ AV, = IR+ 2
- Time (t) ° C
. intermediate
short times fimes long times
g= 0
AV, = =0
AV
[ = AV
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Charging Capacitor

R
A
1 N g W _d
AV _ T TC cCc
= _ AV, = IR+ 2
- Time (t) ° C
. intermediate
short times fimes long times
- ~0
q = =4,
AV, = =0
AV
[ = AV
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Charging Capacitor

R
VvV
1 N g W _d
AV _ T TC T c
= _ AV, =IR+3
- Time (t) ° C
. intermediate
short times fimes long times
- ~0
q-= q:qo
AVC = ~ O A\/C = A\/O
AV
[ = -AY
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Charging Capacitor

R
A
1 N g W _d
AV _ T TC cCc
= _ AV, =IR+3
- Time (t) ° C
. intermediate
short times fimes long times
- ~0
q= q=4,
AVC = =~ O A\/C = A\/O
AV
[ = -AY /=0
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Charging Capacitor

/// \\\
\ \\,/// R
A
1 N g .
AV, T Tec Mg
= _ AV, =IR+3
- Time (t) ° C
. intermediate
short times fimes long times
|t
q= ~0 q=qo(1_e(r)) 4=q,
AVC = =~ O A\/C = A\/O
AV
| = AV /-0
R
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Charging Capacitor

// \\\
\ \\,/// R
VvV
1 N g .
AV, T Tc Memg
N . AV, IR+
- Time (t) o C
: intermediate
short times times |Ong times
(L
g= ~0 Q=qo(1—e(’)) q=q,
(L
AV, = =0 AVC=VO(1—e(‘)) AV, = AV,
AV
[ = == =0
R
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Charging Capacitor

// \\\
\ \\,/// R
AN
1 N g .
AV, T Tc Memg
N . AV, IR+
- Time (t) o C
: intermediate
short times times |Ong times
[t
g= ~0 Q=qo(1—e(’)) q=q,
(t
AV, = =0 AVC=VO(1—e(‘)) AV, = AV,
[t
I= zAVO /=AVOG(I) | =0
R R
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Charging Capacitor

// \\
qo (\ /,‘
R
- 63% of maximum VWA
| I
q -~ value N m::q w4
| AVo C c C
ol L q
¢ Time () AV =IR+=
: iIntermediate
Short times times |Ong timeS
[t
g= ~0 Q=qo(1—e(’)) q=q,
|t
AV, = =0 AVC=VO(1—e(‘)) AV, = AV,
AV, AV, ;)
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Time Constant

T =RC

Dimensional analysis

RC has units of time

Time required to charge the capacitor
* increases with R — lower current flow

* Increases with C - more charge on capacitor
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How does the time to charge the capacitor depend on R

and C

AV~ - C ©

Charging time T,

2R
A R
W
N | g
AV TC AV o 2
O
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How does the time to charge the capacitor depend on R

and C

AV~

Charging time T,
2R

VWA

shorter than t,because
the current is larger

R

AV

o

VAVAY/

- 2C
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How does the time to charge the capacitor depend on R

and C

AVy- T

Charging time T,

2R
VVAA
N g
AV~ —-— C

longer than t,
the current is smaller

shorter than t,because
the current is larger

R

AV

VAVAY/

S
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How does the time to charge the capacitor depend on R

and C

AVy- T

Charging time T,

2R
VVAA
N g
AV~ —-— C

longer than t,
the current is smaller

shorter than t,because
the current is larger

R
VA VAY
N g
AV- —— 2C

longer than <,
more charge is transferred
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Discharging

R Switch off
VVIN  ————
Capacitor charged
L5 c
4 AV, =1
C

switch

When the switch is closed to discharge the capacitor the
capacitor has a maximum charge of q, and maximum voltage

V..
As the capacitor discharges the charge and voltage decrease

with time.

The current will also decrease with time.
Wednesday, November 4, 2009




Discharge

\———-’

Switch on

Current flows

AV.=IR=AV. =1
*q C
C
-q
_._Ad_ 9
At RC
19
g=q,e "

The charge decays exponentially with time
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Yo

Exponential decay

time
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Yo

Exponential decay

time

I _1*q

Wednesday, November 4, 2009




% Exponential decay
— W
g | _1*q
-
AV, AV, =0
time
. intermediate
short times fmes long times
q —_
AV, =
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9o Exponential decay
M
q BT
___q
AV.-AV, =0
time
short times iinr:]eer;nediate long times
g= %
AV, =
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9o Exponential decay
M
q BT
___q
AV.-AV, =0
time
short times iinr:]eer;nediate long times
g= %
AV, = AV,
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% Exponential decay
WA
g | _1*q
-q
AV, - AV, =0
time
. intermediate
short times fmes long times
g= %
AV, = AV,
[ = AV
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% Exponential decay
— M ——
q | _ 119
-
AV, - AV, =0
time
. intermediate
short times fmes long times
1
q= % g-q.el"
AV, = AV,
T\
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% Exponential decay
W
g I _1*q
q=q.,e'=0.37q, -
AV, - AV, =0
T time
. intermediate
short times fmes long times
(t
q = qO q = qoe (T)
AV, = AV,
[ — AV,
R Tt =RC
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% Exponential decay
— M
q I _1*q
q=q.,e'=0.37q, -
AV, -AV, =0
T time
. intermediate
short times fmes long times
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% Exponential decay
— M
q I _1*q
q=q.,e'=0.37q, -
AV, - AV, =0
T time
. intermediate
short times fmes long times
(t
q-= o q=q.6 (T) 0
(t
AV, = AV, AV, =V.e () 0
(t
I — AVO I=Avoe(r)
R R T =RC
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% Exponential decay
N\ V/V, S
q | _1*q
q=q.,e'=0.37q, -
AV, -AV, =0
time
. iIntermediate
short times fmes long times
[t
q-= Yo qg=4q.,.°© (T) 0
(t
AVC = AVO AVc =Voe (r) 0
[t
I — AVO I=Avoe(r) O
R R T =RC
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Exponential decay

Found in many other systems-
Chemical reaction, nuclear decay

A ® B

When the rate of decay of a species is proportional
to the amount of the species

AA_ A
At T

The result is exponential decay

t
A — Aoe_(‘) T is a constant
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A 12 pfarad capacitor is discharged through a 2 kQ)
resistor. How long does it take for the voltage to decay to
5% of the initial voltage.

Wednesday, November 4, 2009



A 12 pfarad capacitor is discharged through a 2 kQ)
resistor. How long does it take for the voltage to decay to
5% of the initial voltage.

T = =2ZX X107 ) =24X10 "S = 24mS
RC =2x103(12x10°) = 24x107%s = 24
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A 12 pfarad capacitor is discharged through a 2 kQ)
resistor. How long does it take for the voltage to decay to
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T = =2ZX X107 ) =24X10 "S = 24mS
RC =2x103(12x10°) = 24x107%s = 24

t
V = Voe_(‘_)

Vol
VO

Wednesday, November 4, 2009



A 12 pfarad capacitor is discharged through a 2 kQ)
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A 12 pfarad capacitor is discharged through a 2 kQ)
resistor. How long does it take for the voltage to decay to
5% of the initial voltage.

T = =2ZX X107 ) =24X10 "S = 24mS
RC =2x10°(12x107°) = 24x107°s = 24

t
V = Voe_(‘_)

v _ol

v,
el
~t In

Wednesday, November 4, 2009
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33. Consider a series RC circuit for which R=1.0 MQ,
C=5.0 uF and £€=30 V. The capacitor is initially
uncharged when the switch is open. (a) Find the
charge on the capacitor 10 s after the switch is
closed.

AVT - C
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33. Consider a series RC circuit for which R=1.0 MQ,
C=5.0 uF and £€=30 V. The capacitor is initially
uncharged when the switch is open. (a) Find the
charge on the capacitor 10 s after the switch is
closed.

T = RC = 1x10°(5x10°) = 5.0s
t

t

q=q,(1-e *°)=q,(1-e ")

AVT - C
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33. Consider a series RC circuit for which R=1.0 MQ,
C=5.0 uF and £€=30 V. The capacitor is initially
uncharged when the switch is open. (a) Find the
charge on the capacitor 10 s after the switch is
closed.

T = RC = 1x10°(5x107°) = 5.0s
t

t

q=q,(1-e *°)=q,(1-e ")

R
A

_q
N | g C=—

AVT T C  q,=AVC=30(5x10"°)=1.5x10"C
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33. Consider a series RC circuit for which R=1.0 MQ,
C=5.0 uF and £€=30 V. The capacitor is initially
uncharged when the switch is open. (a) Find the
charge on the capacitor 10 s after the switch is

closed.
T = RC =1x10%(5x10°) = 5.0s
b _t
R g=q,(1-€ ) =q,(1-€ )
N g c-
AVT T C g, =AVC =30(5x10°)=1.5x10"C

t 10

g=q,(1-e R°)=1.5x10"(1-e %)
qg=1.3x10"C
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You plan to make a flasher circuit that charges a
capacitor through a resistor up to a voltage at which a
neon bulb discharges (about 100V) about once every 5
sec. If you have a 10 microfarad capacitor what resistor

do you need?

resistor
Neon bulb

Voltage Capacitor
source
Tt =RC
. 5 ) About
C = 10x10° 0.5x10°Q 0.5MO
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Charging

AV

flash

time
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You plan to make a flasher circuit that charges a
capacitor through a resistor up to a voltage at which a
neon bulb discharges (about 100V) about once every 5

sec. If you have a 10 microfarad capacitor what resistor
do you need?

resistor
Neon bulb
_ A. 1.0MQ
Voltage Capacitor
source B.10.0MQ
C. 5.0MQ

;i} D. 0.5MQ
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Charging

AV

flash

time
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C: charging

Vmax
V2N time
max ————
T= RC time
Vc(t) constant
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V2N time
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T= RC time
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C: charging

max

time

T= RC time
constant
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C: charging

Vmax
V2N time
max ————
T= RC time
Vc(t) constant
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RC: charging
\'} -

max

T= RC time
constant
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RC: charging
\'} -

max

t=RC time CICICICICKCICIO

< constant
T, < T3
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C: charging
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C: charging

Vv

max

max

V(t)
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C: charging

Vv

max

max

V(t)
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C: charging

Vmax
time
Vmax —————————————————————
T= RC time
Vc(t) constant
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C: charging

max
time
Vmax --------
T= RC time
Vc(t) constant

time
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C: charging

max
time
Vmax --------
T= RC time
Vc(t) constant

time
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C: charging

Vmax
V o bmooee o time
max
T= RC time
Vc(t) constant
< T, < Ty

time
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HW — Clickers Out
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