Electric Current

Physics 212

Lecture 9

Today’s Concept:

Ohm’s Law, Resistors in circuits
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Your comments

It's nice that the new material is a little easier to understand while there's an exam coming
up. If this was by design when the course was made, thank you.

| just want to know why we aren't doing any sort of review the day before a midterm.
That really sucks you know, some of us have a job on top of being a full time student.
No review and just plowing through topics without any sort of break is awful.

Quick Q: Why is an E-Field created inside the conducting copper wire? It was explained a
bit in the prefecture. But | thought that, "CONDUCTOR" "E=0!!" right?

Can we talk more about current density?

| don't know if i have the capacity to see another bad joke in lecture, but | currently
can't resist.

| don't expect to have a review session in class on Tuesday, but I'm not going to say that
that wouldn't make me feel at least a bit better about Wednesday's exam.

Can you go more into depth about ne | don't exactly understand that.

Could we go over current density before? | have seen V=IR and resistors before, but that
is new.
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Exam Logistics

1) EXAM 1: WED February 18t at 7pm
» Sign Up in Gradebook for Conflict Exam at 5:15pm if desired

» If you have double conflict please email Prof. Ben Hooberman
» MATERIAL: Leghitcas R

smartPhyrics PHYS 212 Spring 2015

Powered by smartFramework University of Illinois

Q E E D:] Instructor Links Administrator Links i Instructar Steééll-l,d'ﬁsﬁjthy v
2) EXAM 1 PREPARATION et .
Daily Planner
> d . + Electricity -
St u y H W’ D I Sc Thursday, February 1%
4 5 8:00am  Prelecture - Kirchhoffs Rules
: + DC Circuits 8:00 am Checkpoint - Kirchhoffs Rules
O | d EXa l I IS a re + Magnetism Tuesday, February 24
800am  Homework - Electric Current
8:00 am Prelecture - RC Circuits
Se e S m a rt P hys + AC Circuits 8:00 am Checkpeint - RC Circuits

Thursday, February 26

+ Light and Optics 800am  Prelecturs - Magnetism
8:00 am Checkpoint - Magnetism

— Exam Reviews Solutions Edit Title Tuesday, March 3

M 800am  Homework - RC Circuits +
3) Extra Office Hours (Tues
Copy an Assignment || New Prelecture || New Checkpoint Set || Hew Homework Set

.
ro O I I I S/t I l I l e S ) Prelecture - Fall 2010 Exam 1 Solu... -- Optional -- Due: May. 13 at 8:00 AM
. : -- Optional -- Due: May. 12 at 8:00 AM Add Announcement
Homewaork - Spring 2015 Exam -- Optional - Start: Feb. 18 at 10:00 PM / Due: May. 12 at 8:00 AM.

Unassigned Assignments
The assignments below can be added to the Course schedule via the Calendar.
Homewaork - Hour Exam 1 Version

30. Hour Exam 2 (Fall 2010 Solutions)
31. Hour Exam 3 (Spring 2013 w/ Solutions)

32. Final Exam (Lect 29)

Copyright @ 2015 Freeman Worth Publishers - a division of Macmillan Higher Education. macm”lan

About | Contact Us | Find Your Local Sales Rep | Privacy Policy M edUCEtIOﬂ
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A Big Idea Review

—

Coulomb’s Law

- F
Force law between | _ = koﬂq2 f @ Fiz @ 1,2

1,2 2 1,2

A 4

point charges rl ) ’ >
o . Electric Field
Electric Field - F Property of Space
, q Superposition
Gauss’ Law
Flux throm'Jgh closed . Qenc Gauss’ Law Spheres
surfa.ce is always J‘ E-dA= Can beusedto =——>» Cylinders
proportional to charge €o determine E field Infinite Planes
enclosed
Electric Potential AU b
Potential energy per AVa_)b = ab _ —I E-dl
unit charge g -
Capacitance Electric Potential
s cargeand _Q et £ — 9
potential for two C=—
conductor system V
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Applications of Big Ideas

Conductors

What D i :
Charges free to move === at Determines === 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

c,
: C IH

c, == ==,
Change in Potential Ener eries:
° o0 (UG = (UCy) + (1Cy)
= J7 lel
AUq 5p =Wy _,p =—[qE-dl Para
a Ci23=Cy+Cy
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Current and Resistance

Key Concepts:

1) How resistance dependsonA, L, o, 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 I
& FEE

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
Current Density: Question 1 (N = 814)

a0

L — 20,22y,

A

J

(=]
(=)

% of Students
5

1

Same Current =g ] oc —

A 11.1

20.8

[e]
=




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

o el Same current through — [~
R, both resistors L || R, R,

‘ \—‘—/ Compare voltages across
resistors
T . 3 2d L
L

2L

L 80 73.1

B == V=IRec—
. A 60

40
40

20 155
20 16.5 11.4

10.8
0
0 A B C
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
—_— A AN AN\ — y ONLY R; and R,
R, R VA o
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
total = V1 1+ Vo 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.
R1
Resistor Network: Question 1 (N = 814)
88.3
R, R, .
E 40
b
20
| 6.4 5.3
0 T —
| A B C
Vv
Compare the curre , with the current through Rj:
Al > B.l, =1, C. I, <l
V

Current through R, and |, =———
— gh X, 23 R2+R3

R, in series with R
R, is the same
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Checkpoint 2b

R1
7 W Resistor Network: Question 2 (N = 814)
1 80
R, R, |
I I I I I I I I " 60
|23 E 40
K
0 i ] ) i
I A B c D E
I
CheckPoint 2b Ri=R;=R;=R y
V We know: I, =
Compare the current through R, = Know: 23 R, +R,
with the current through R, : |, = |23M
Similarly: |1 =
C 1, =1
[P 1,/1, =2 l, :R2+R3:2
= 1,/1, =3 |23 R1
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R2 R3
‘T 1 W‘f 1 W ‘r 2 Resistor Network: Question 5 (N = 814)
V2 V3 80
V23 % 60
l
I 20 134 115 o
Rl - R2 - R3 - R ’ A B C IT| ’TI
Vv
CheckPoint 2c
Compare the voltage V — | R
across R, with the voltage 2 2772
across R,
AV, >V;
B V. —V.—V L, =1; (Series)
2 = V87 R, = R, (Problem statement) V23 =V2 -I-V3
C |V, =Vs<V | v
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% of Students

CheckPoint 2d

R, in parallel with series
combination of R, and R,

V1: V23

Compare the voltage across R;
with the voltage across R,

Vy =2V,=V | R, =R, =V, =V,
V, =% V,=1/5V

V, =% V,=%V

V,, =V, +V, =2V,

80

60

40

20
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144

5.8 7

e i N

— V=2V, =V




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:eserles R + I:eb

(1/Rparallel) - (1/Ra) + (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,, R;and R, are connected in series
B) R,, Ry, and R, are connected in parallel

C) Ryand R, are connected in series (R3,) 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

(URparatie) = (UR) + (URy) == 1Ry = (1U3)+ (1/6) = (3/6) 21  wp  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: 11pg4 = V/R 534

= 1534 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 1 Roy =602 Roas =282 lyp5=6A
What is V,, the voltage across R,?

l5, = 1155, Since Ry in series with R,5,

V234 = |234 R234
=6X?2
=12 Volts

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

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

V=18V

Vv V] R, =10
—_ - R, R, | R=20

Ry =30
R,=40

Ry, =642

Rosq =242
l1534 = 6 Amps

I3, =6 Amps

@234 =V B) lysy =1y 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

o4 = V4! Ry
=12/6
=2 Amps
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Calculation

V=18V
R, =10
R, =20
R, =302
R,=40.
R,, =60
Rosq =242

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

A) Vyy =V, C) Both A+B D) None &34:;22\\//
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!
= 2X?2
= 4 \/olts!
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Quick Follow-Ups

Whatis I ? Ry =20
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 - |, =141, Make Sense?
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