Your comments

Having taken ece 110 made it easy for me to grasp most of the concepts.

| know that this course has to move at a fast pace and that there is no time to dilly dally and
putts around, but | really really really don't like the idea of having a prelecture and lecture
over a topic not covered on an upcoming exam. | find that | can't give the prelecture or the
lecture the time they deserve to solidify my understanding, so this prelecture, though
important, was gone through very quickly.

This stuff is tough, | think this is mostly because we were thrown a ton of unfamiliar
variables. Could we go over what all they exactly mean?

Current density should be covered a little more thoroughly.

PLEASE go over how to calculate voltage drops across a capacitor!

Please help. I'm stressing out because the test is next Wednesday and we have to
know circuits and all these different values (Q, I, R, V) with resistors and capacitors.
For someone who has never done this before, this is hard!!!
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Electric Current

Physics 212

Lecture 9

Today’s Concept:

Ohm’s Law, Resistors in circuits
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A Big Idea Review
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Applications of Big Ideas

Conductors

What Det i .
Charges free to move === at betermines == They move until

How They Move? E=0!

|

E =0 in conductor
determines charge
densities on surfaces

Spheres
Cylinders
Infinite Planes

Field Lines &
Equipotentials

Capacitor Networks

Work Done By E Field clz
Jore i -
W, =[F-dl =[qgE-d o=
a-b :'!: -!q & — —— &,
Series:
Change in Potential Energy 1 Snes
b (1/Cy) = (1/ (I:IZ)I +(1/Cy)
AUgh =W,y =—[qE-dl Parale
a Ci3=C1+Cy
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Current and Resistance

Key Concepts:

1) How resistance dependsonA, L, S, r
2) How to combine resistors in series and parallel

3) Understanding resistors in circuits

Today’s Plan:

1) Review of resistance & preflights

2) Work out a circuit problem in detail
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The SAME amount of current | passes through three different resistors. R, has twice the cross-
sectional area and the same length as R,, and R; is three times as long as R, but has the same

cross-sectional area as R;.
I I |

3L

L

Case 1 Case 2 Case 3

In which case is the CURRENT DENSITY through the resistor the smallest?
A.Case 1l B. Case 2 C. Case 3

!
A

6.5

60

J

— J,=J,=2],

40

% of Students

20.2

1 20

Same Current — g J oC — S

A :

A B C
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This is just like Plumbing!

| is like flow rate of water
V' is like pressure
R is how hard it is for water to flow in a pipe

To make R big, make L long or A small

To make R small, make L short or A big
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CheckPoint 1a CheckPoint 1b

/‘l_\ Same current through ——] é-—# 1

both resistors L 'R R
1 2

‘ \T Compare voltages across
resistors
T 4 2d d
L

2L

L B0 75.2
V=R —
80
731 60
a
=
) 60 ﬁ
-E- = 40
E E
& 40 =
s 20
52 13.5 e
70 16.6
10.3
0
0 A B C
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Resistor Summary

Series Parallel There is a loop
Every loop with R, also has R, R that contains
et VAVA e AVAVAVE y ONLY R; and R,
R,
.. Each resistor on the Each resistor on a
Wiring : . .
same wire. different wire.
Different for each resistor. Same for each resistor.
Voltage V.~V 1V V. -V -V
total — V1 + 2 total — V1 — V2
Same for each resistor Different for each resistor
Current _I =] L1 4]
total = 11 = 12 total = 11 T 12
Resistance Increases Decreases
Req =R; +R, 1/Req =1/R; + 1/R,
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CheckPoint 2a

Three resistors are connected to a battery with emf V as shown. The resistances of the resistors
are all the same, i.e. R;= R, =R; = R.

R R 100 d9.4

—MWW—aww— | e

a0

40

| 20
6.8

| : 3.8
A B C
V
Compare the curre , with the current through Rj:
Al >y B.l, =15 C.l,<lg
vV

R. in series with R SRS Current through R, and |23 =
’ ’ R, is the same Rz + R3
3
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Checkpoint 2b

R1
—— WA
Il B0
RZ R3 63.7
: : I . a0
|23 ;; 40
k
20 1 10.9
. |_|_| 345
A B C D E
CheckPoint 2b Ri=R;=R;=R v
=
Compare the current through R, We know: 23 R, + R, o
with the current through R, | =1 D2t Rs
q 1 23
Similarly: |1 -
C 1, =1
[I) 1/, =2 I1 :R2+R3:2
= 1,/1, =3 |23 R1

Electricity & Magnetism Lecture 9, Slide 13



R2 R3
WA MW
80
V2 V3 64.2
V23 : 60
I ;5: 40
I == 0 2.5
V Rl = R2 = R3 = R ’—‘8'5 43
0
A B c D
CheckPoint 2c
Compare the voltage V — | R
across R, with the voltage 2 2" 72
across R,
AV, >V;
B V. —V.—V L, =1; (Series)
2 = V87 R, = R, (Problem statement) V23 =V2 +V3
C v, =Vs<V | v
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2 3
' Resistor Network: Question 5 (N = 820)
V23 " 0 57.9
| 2 40
V R1:R2:R3:R gzn 16
CheckPoint 2d -
0
. . . A B C D E
Compare the voltage across R, Ry in parallel with series
with the voltage across R, combination of R, and R;
V, =V,=V —
A =Y V =V,
C V, =2V,=V I R2=R3 :>V2 =V3 m— V1:2V2 =V
DV, =%V,=15V
E Vi =%V,=%V V23 :Vz +V3 :2\/2
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In the circuit shown: V =18V,
R =102 R,=20 R;=3€,and R, =41

What is V,, the voltage across R,?

Conceptual Analysis:
Ohm’s Law: when current I flows through resistance R, the potential drop V is given by:

V=IR.
Resistances are combined in series and parallel combinations
I:aserles R + I:\)b

(1/Rparallel) - (1/Ra) T (1/Rb)
Strategic Analysis:
Combine resistances to form equivalent resistances
Evaluate voltages or currents from Ohm’s Law
Expand circuit back using knowledge of voltages and currents
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Calculation

In the circuit shown: V =18V,
R =102 R,=20 R;=3€,and R, =41

What is V,, the voltage across R,?

Combine Resistances:
R, and R, are connected:

A) in series B) in parallel C) neither in series nor in parallell

Parallel Combination . o
Series Combination

“_“_

R, Series : Every loop with resistor 1 also has
resistor 2.

R

a

Parallel: Can make a loop that
contains only those two resistors
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Calculation

In the circuit shown: V =18V,
R =102 R,=20 R;=3€,and R, =41

What is V,, the voltage across R,?

We first will combine resistances R,, R3, R;:
Which of the following is true?

A) R,, Ryand R, are connected in series
B) R,, R3, and R, are connected in parallel

C) Ryand R, are connected in series (Rs,) which is connected in parallel with R,

D) R, and R, are connected in series (R,,) which is connected in parallel with R,

E) R, and R, are connected in parallel (R,,) which is connected in parallel with R4
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Calculation

In the circuit shown: V =18V,
R =102 R,=20 R;=3€,and R, =41

What is V,, the voltage across R,?

R, and R, are connected in series (R,,) which is connected in parallel with R;

Redraw the circuit using the equivalent resistor R,, = series combination of R, and R,,.

(C)
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Calculation

In the circuit shown: V =18V,
V R =102 R,=20 R;=3€,and R, =41

What is V,, the voltage across R,?

Combine Resistances:
R, and R, are connected in series =R,,

R; and R,, are connected in parallel =R,

What is the value of R,5,?

R,and R, inseries w=p Ryy=R,+R,;=202+402=60

(WRparatie) = (LR + (URy) == 1Ry = (1U3)+ (1/6) = (3/6) 21 mepp  Rpp =202
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In the circuit shown: V =18V,

R, =10, R,=20 R;=3( and R, =40
R,, =602 Ry, =20

What is V,, the voltage across R,?

R234

R, and R,;, arein series. Ry,5,=1+2=3.02

Our next task is to calculate the total current in the circuit

<

Ohm’s Law tells us: 11534 = V/Ry534

= l1534 Ri234 ~18/3

= 6 Amps
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Calculation

In the circuit shown: V =18V,

1 . R, =10 R,=20 R;=3¢ and R, =40.

= l12as 12 Roy =602 Roas =282 lyp5=6A
What is V,, the voltage across R,?

l)5, = 1155, Since Ry in series with R,5,

V234 — |234 R234
=6X?2
=12 Volts

What is V,,, the voltage across R,;, ?

AV,y=1V  B)V,=2V  C)V,=9V ‘D)Vab:12V‘ E) V=16 V
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Calculation

V=18V
VI Vv R, =102

Ros4 —> T Rs Ros Ry =20

Ry =30
R,=40Q

R,, =60

Ryzy = 202
11534 = 6 Amps
I3, =6 Amps
Vo, =12V

@Vzm =V B) lpgs = l54 C) Both A+B D) None What is Vy?

R; and R,, were combined in parallel to get R,;,, == Voltages are same!

Which of the following are true?

Ohm’s Law

|54 = Vau/ Ry
=12/6
=2 Amps
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Calculation

V=18V
R, =10
R, =20
Ry =30
R,=40.
R,, =60
Ryzy = 202

153, = 6 Amps
Which of the following are true? |5, =6 Amps

A) V,, =V, C) Both A+B D) None &34: izz\\//
24 —

l,, =2 Amps
R, and R, where combined in series to get R,, == Currents are same! What is V?

Ohm’s Law
The Problem Can Now Be V,=1, R,
Solved!
= 2X2
= 4 \/olts!
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Quick Follow-Ups

Whatis |5 ? Ry =202
V= 12V
A)l;=2A B)I;=3A ‘C)|3=4A‘ V, =4V
153, = 6 Amps

|

Whatis |, ?
We know I} =155, =6 A

NOTE: 1,=V,/R,=4/2=2A - |, =1,+1; Make Sense?
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