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EMf [Text: sect. 26-1)

o Definition: Emf, &
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EMf [Text: sect. 26-1]

» Definition: Emf, &
s Theoretical maximum voltage gain of battery.
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EMf [Text: sect. 26-1]

-

o Definition: Emf, &

s Theoretical maximum voltage gain of battery.

» Historically called electromotive force but is actually
a voltage not a force.
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EMf [Text: sect. 26-1]

-

o Definition: Emf, &

s Theoretical maximum voltage gain of battery.

» Historically called electromotive force but is actually
a voltage not a force.

o Discussion: Batteries
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EMf [Text: sect. 26-1]

-

o Definition: Emf, &

s Theoretical maximum voltage gain of battery.

» Historically called electromotive force but is actually
a voltage not a force.

o Discussion: Batteries
» Batteries have internal resistance, r;,;.
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EMf [Text: sect. 26-1]
o Definition: Emf, & a

s Theoretical maximum voltage gain of battery.

» Historically called electromotive force but is actually
a voltage not a force.

o Discussion: Batteries

» Batteries have internal resistance, r;,;.
s Some voltage loss across r;,;:.
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Emf, contd

-

o Discussion: Batteries, contd
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Emf, contd

-

-

o Discussion: Batteries, contd

» When current I flowing net voltage across terminals
IS

V:éa—'r’mt].
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Emf, contd

-

o Discussion: Batteries, contd

» When current I flowing net voltage across terminals
IS

V=& — Tint]-
s & and r;,; properties of battery (Lab 3).
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Emf, contd

-

o Discussion: Batteries, contd

» When current I flowing net voltage across terminals
IS

V:éa—'r’mt].

s & and r;,; properties of battery (Lab 3).

s In problems you may see & instead of V. Assume no
Internal resistance.
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Resistorsin seriesand parallel [rext: set. 26-2

-

-

o Derivation: Resistors In series
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Resistorsin seriesand parallel [rext: set. 26-2

-

-

o Derivation: Resistors In series

v

s No branches so same current goes through both
resistors.
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Resistorsin seriesand parallel [rext: set. 26-2

| N

o Derivation: Resistors In series

v

s No branches so same current goes through both
resistors.

» \Voltage drop across each resistor: V; = IRy,
Vo = I Ro.
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Resistorsin seriesand parallel [rext: set. 26-2

| N

o Derivation: Resistors In series

v

s No branches so same current goes through both

resistors.
» \oltage drop across each resistor: V; = IRy,
Vo = I Ro.
» \oltage drop must equal voltage gain of battery,
V. = Vi+V J
= ](R1 + RQ).
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Resistorsin series and parallel, contd

-

-

o Derivation: Resistors In series, contd
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Resistorsin seriesand parallel, contd
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o Derivation: Resistors In series, contd

s From Ohm’s law |V = I R|resistors Iin series
equivalent to one resistor with resistance

Reg=R1+Ro+---.

|
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Resistorsin seriesand parallel, contd
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» Derivation: Resistors in parallel

T et
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Resistorsin seriesand parallel, contd

| N

» Derivation: Resistors in parallel

T et

s Voltage drop must be same across both paths so,

% %
Iy =5 o= 7.
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Resistorsin seriesand parallel, contd

[ o N

» Derivation: Resistors in parallel

[r 1 1
¢1R2 ¢1

V—=
s Voltage drop must be same across both paths so,

v
[1—}3;[2—1132

s Current splits across branch,

I = L1+

_ V<L+L>_ 4
Ri Ry) Reg o
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Resistorsin series and parallel, contd
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» Derivation: Resistors in parallel, contd
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Resistorsin seriesand parallel, contd
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» Derivation: Resistors in parallel, contd

» Resistors in parallel equivalent to one resistor with
resistance R.,, where

L1
Req_Rl RQ.

|
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Resistorsin seriesand parallel, contd

| N

» Derivation: Resistors in parallel, contd

» Resistors in parallel equivalent to one resistor with
resistance R.,, where

1 1 1

Req Rl " RQ .

s Can simplify (most) complex circuits by replacing
series and parallel combinations by equivalents.

|
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Resistorsin seriesand parallel, contd

| N

» Derivation: Resistors in parallel, contd

» Resistors in parallel equivalent to one resistor with
resistance R.,, where

1 1 1

Req Rl " RQ .

s Can simplify (most) complex circuits by replacing
series and parallel combinations by equivalents.

» [nteractive Quiz: PRS 10a
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Resistorsin series and parallel, contd

-

-

o Example: Pr. 11
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Resistorsin seriesand parallel, contd

-

-

o Example: Pr. 11

o What Is the net resistance of the circuit connected to
the battery as shown?

|
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Resistorsin seriesand parallel, contd

| N

o Example: Pr. 11

o What Is the net resistance of the circuit connected to
the battery as shown?

o Solution: Pr. 11
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Resistorsin seriesand parallel, contd

| N

o Example: Pr. 11

o What Is the net resistance of the circuit connected to
the battery as shown?

o Solution: Pr. 11

s To simplify the circuit we need to find a set of
resistors in series or parallel. J
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Resistorsin series and parallel, contd

-

-

o Solution: Pr. 11, contd
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Resistorsin seriesand parallel, contd

-

-

o Solution: Pr. 11, contd

s 2 In series at the bottom right, the equivalent
resistance is R; = 2R.

I

v—..—
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Resistorsin seriesand parallel, contd

-

o Solution: Pr. 11, contd

s 2 In series at the bottom right, the equivalent
resistance is R; = 2R.

I

v—.-

-1 -1, 1 — 2
s Parallel: z- = + 55, Or Ry = 5R.

I

V=

http://www.zoology.ubc.ca/rikblok/phys102/lecture/ UBC Physics 102: L

-
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Resistorsin series and parallel, contd

-

-

o Solution: Pr. 11, contd
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Resistorsin seriesand parallel, contd

-

-

o Solution: Pr. 11, contd

s Series: R3 = 2R.
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Resistorsin seriesand parallel, contd

-

-

o Solution: Pr. 11, contd

s Series: R3 = 2R.

R3
V—__—
s Parallel: - = £+ <%, 0r Ry = 2R
I
I 3,
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Resistorsin series and parallel, contd

-

-

o Solution: Pr. 11, contd
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Resistorsin seriesand parallel, contd

-

-

o Solution: Pr. 11, contd

s Series: R; = LR,
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Resistorsin seriesand parallel, contd

-

-

o Solution: Pr. 11, contd

s Series: R; = LR,

Rs
V—._—
s So the net resistance is k5 = 2R. O
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Kirchhoff’s rules [rext: sect. 26-3

-

-

o Discussion: Kirchhoff’s rules
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Kirchhoff’s rules [rext: sect. 26-3

-

-

» Discussion: Kirchhoff’s rules
s Can’t simplify every combination. For example:

=
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Kirchhoff’s rules [rext: sect. 26-3

-

-

» Discussion: Kirchhoff’s rules
s Can’t simplify every combination. For example:

=

s Can't isolate any parallel or series combinations.

|
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Kirchhoff’s rules [rext: sect. 26-3

-

-

» Discussion: Kirchhoff’s rules
s Can’t simplify every combination. For example:

=

s Can't isolate any parallel or series combinations.
s Have to go back to basics.

|
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Kirchhoff’srules, contd

-

o Definition: Kirchhoff’'s branch rule
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Kirchhoff’srules, contd

-

o Definition: Kirchhoff's branch rule
o At a branch

NP4
Z[in — — Zlout
27O

Z ]zn — Z ]out-
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Kirchhoff’srules, contd

-

o Definition: Kirchhoff's branch rule
o At a branch

NP4
Z[in — — Zlout
27O

Z ]zn — Z ]out-

» Follows from conservation of charge.

UBC
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Kirchhoff’srules, contd

| N

o Definition: Kirchhoff's branch rule
o At a branch

NP4
Z[z’n — — Zlout
27O

Z ]zn — Z ]out-

» Follows from conservation of charge.

s Hint: sometimes you don’t know the direction of the
current. Then just guess and work out the answer. IfJ
I < 0 then you know it’'s going the other direction.
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Kirchhoff’srules, contd

-

o Definition: Kirchhoff’s loop rule
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Kirchhoff’srules, contd

-

o Definition: Kirchhoff’s loop rule
s Around a loop
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Kirchhoff’srules, contd

-

o Definition: Kirchhoff’s loop rule
s Around a loop

Y v=o.

» Follows from conservation of energy.

UBC
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Kirchhoff’srules, contd

-

o Definition: Kirchhoff’s loop rule
s Around a loop

Y v=o.

» Follows from conservation of energy.
L.o Interactive Quiz: PRS 10b -
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Kirchhoff’srules, contd

-

-

o Discussion: Combinations of batteries
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Kirchhoff’srules, contd

-

-

o Discussion: Combinations of batteries

o Batteries can be arranged in series, parallel, or even
opposition (head to head).

|
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Kirchhoff’srules, contd

| N

o Discussion: Combinations of batteries

o Batteries can be arranged in series, parallel, or even
opposition (head to head).

» Rule: voltage gain if battery inline with current
(current goes from — battery terminal to +). Voltage
drop Iif battery reversed (opposes current).

|
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Kirchhoff’srules, contd

| N

o Discussion: Combinations of batteries

o Batteries can be arranged in series, parallel, or even
opposition (head to head).

» Rule: voltage gain if battery inline with current
(current goes from — battery terminal to +). Voltage
drop Iif battery reversed (opposes current).

s Kirchhoff’s rules apply.

|
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Kirchhoff’srules, contd

| N

» Discussion: Combinations of batteries
o Batteries can be arranged in series, parallel, or even

opposition (head to head).

» Rule: voltage gain if battery inline with current
(current goes from — battery terminal to +). Voltage
drop Iif battery reversed (opposes current).

s Kirchhoff’s rules apply.
» Interactive Quiz: PRS 10c

|
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RC CIrcults [Text: sect. 26-4)

-

o Discussion: RC Circuits
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RC CIrcults [Text: sect. 26-4)

-

-

» Discussion: RC Circuits
s Circuits can contain both resistors and capacitors.

|
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RC CIrcults [Text: sect. 26-4)

-

-

o Discussion: RC Circuits

s Circuits can contain both resistors and capacitors.

» Resistors limit current so it takes time for charge to
build up on capacitor.

|
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RC CIrcults [Text: sect. 26-4)

-

-

o Discussion: RC Circuits

s Circuits can contain both resistors and capacitors.

» Resistors limit current so it takes time for charge to
build up on capacitor.

s In steady state no current through capacitor.

|
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RC CIrcults [Text: sect. 26-4)

| N

o Discussion: RC Circuits

s Circuits can contain both resistors and capacitors.

» Resistors limit current so it takes time for charge to
build up on capacitor.

s In steady state no current through capacitor.
s Current decays exponentially over time,

|
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RC Circuits, contd

o Discussion: RC Circuits, contd

S

Current, I(t)

-

_ 27 3T
Time, t

-
N

http://www.zoology.ubc.ca/rikblok/phys102/lecture/
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RC Circuits, contd
- -

o Discussion: RC Circuits, contd

S

Current, I(t)

-
-
N

_ 27 37 41
Time, t

s 7 IS time it takes for current to drop close (about % of
the way) to zero.

http://www.zoology.ubc.ca/rikblok/phys102/lecture/
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RC Circuits, contd

-

o Discussion: RC Circuits, contd
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RC Circuits, contd

| N

o Discussion: RC Circuits, contd

s Current is rate of change of charge on capacitor so

charge (and voltage, V = £) approach final value
exponentially,

Q) — Qoo = (Qo— Quo)e T,
V)= Ve = (Vo= Vi)e U

|
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RC Circuits, contd
- -

o Discussion: RC Circuits, contd

s Current is rate of change of charge on capacitor so

charge (and voltage, V = £) approach final value
exponentially,

Q) — Qoo = (Qo— Quo)e T,
V)= Ve = (Vo= Vi)e U

s Use what you know about initial conditions and
steady states to find Iy, Qo, Vo, Qso, and V..

http://www.zoology.ubc.ca/rikblok/phys102/lecture/ UBC Physics 102: Lecture 10, July 15, 2003 — p. 19/23



http://www.zoology.ubc.ca/~rikblok/phys102/lecture/

RC Circuits, contd

-

o Definition: Time constant, 7
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RC Circuits, contd

| N

o Definition: Time constant, 7

s In simple circuits, with just one capacitor and one
resistor in series,

T = RC.

|
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RC Circuits, contd
=

o Definition: Time constant, 7

s In simple circuits, with just one capacitor and one
resistor in series,

T = RC.

s Doesn’t hold if more capacitors or resistors. But may
be able to simplify using series/parallel rules.

|
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RC Circuits, contd
=

o Definition: Time constant, 7

s In simple circuits, with just one capacitor and one
resistor in series,

T = RC.

s Doesn’t hold if more capacitors or resistors. But may
be able to simplify using series/parallel rules.

o Example: Charging a capacitor

|
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RC Circuits, contd
=

o Definition: Time constant, 7

s In simple circuits, with just one capacitor and one
resistor in series,

T = RC.

s Doesn’t hold if more capacitors or resistors. But may
be able to simplify using series/parallel rules.

o Example: Charging a capacitor

s In a circuit with a battery &, resistor R, and capacitor
C' (initially uncharged) in series, what is the current
L as a function of time? J
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RC Circuits, contd

-

» Solution: Charging a capacitor

W\ I
R C
¢ g
! .r.7
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RC Circuits, contd
- -

» Solution: Charging a capacitor

W\ I
R C
¢ g
! .r.7

s In this simple circuit the time constant is |7 = RC'|.

|
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RC Circuits, contd
- -

» Solution: Charging a capacitor

W\ I
R C
¢ g
! .r.7

s In this simple circuit the time constant is |7 = RC'|.

s We know |I(t) = Ipe~*/" | so we need to find I.

|
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RC Circuits, contd
- -

» Solution: Charging a capacitor

W\ I
R C
¢ g
! .r.7

s In this simple circuit the time constant is |7 = RC'|.

s We know |I(t) = Ipe~*/" | so we need to find I.

s Iy Is the current at the instant the capacitor starts
charging (when the switch S is closed).

|
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RC Circuits, contd
- -

» Solution: Charging a capacitor

W\ I
R C
¢ g

! .r.7

s In this simple circuit the time constant is |7 = RC'|.

s We know |I(t) = Ipe~*/" | so we need to find I.

s Iy Is the current at the instant the capacitor starts
charging (when the switch S is closed).

s Initially the capacitor is uncharged, Qg = 0. So

Vo = % —0.
| e J
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RC Circuits, contd

-

» Solution: Charging a capacitor, contd

http://www.zoology.ubc.ca/rikblok/phys102/lecture/



http://www.zoology.ubc.ca/~rikblok/phys102/lecture/

RC Circuits, contd
- -

» Solution: Charging a capacitor, contd

s Then the only voltage drop in the circuit is the
resistor, V = IR, and from Kirchhoff’s loop rule,

& = IpR.

|
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RC Circuits, contd
- -

» Solution: Charging a capacitor, contd

s Then the only voltage drop in the circuit is the
resistor, V = IR, and from Kirchhoff’s loop rule,

& = IhR.
s S0 = % and the current as a function of time Is

I(t) = ge—t/m. =

|
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RC Circuits, contd
- -

» Solution: Charging a capacitor, contd

s Then the only voltage drop in the circuit is the
resistor, V = IR, and from Kirchhoff’s loop rule,

& = IpR.

s S0 = % and the current as a function of time Is

I(t) = ge—t/m. =

» [nteractive Quiz: PRS 10d
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End

-

-

o Practice Problems:

s Ch.26:Q.3,7,9, 11, 13, 15, 17, 19.

s Ch.26:Pr.1,3,5,7,13, 15,17, 19, 21, 23, 25, 27/,
29, 31, 33, 35, 37, 41, 43, 45, 63, 65, 67, 69, 71, 73,
/5, 77,79, 81, 83.

|
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End

-

-

o Practice Problems:

s Ch.26:Q.3,7,9, 11, 13, 15, 17, 19.

s Ch.26:Pr.1,3,5,7,13, 15,17, 19, 21, 23, 25, 27/,
29, 31, 33, 35, 37, 41, 43, 45, 63, 65, 67, 69, 71, 73,
/5, 77,79, 81, 83.

» Interactive Quiz: Feedback

|
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End

f: Practice Problems: T

s Ch.26:Q.3,7,9, 11, 13, 15, 17, 19.

s Ch.26:Pr.1,3,5,7,13, 15,17, 19, 21, 23, 25, 27/,
29, 31, 33, 35, 37, 41, 43, 45, 63, 65, 67, 69, 71, 73,
75, 77,79, 81, 83.

» Interactive Quiz: Feedback
o Tutorial Question: tutl0

|
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