Announcements

1. First hour exam — Friday, February 4, 2004 — covering
Chapters 22-28.

May bring 1 8'2” x 11” sheet of paper to the exam (to
be turned 1in with your exam papers).

The exam will be proctored by Professor G. Holzwarth.
Practice exam available on website.
Review sessions: Tuesday 2/1/05 at 6-7 PM
Wednesday 2/2/05 (class time)
2. Today’s topic

Current, power, circuits
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|, HRWG 27 P007] A fuse In an electric circutt s a wire that is designed to melt and thereby open the
circutt, If the current exceeds a predetermined value. Suppose that the material to be used in a fuse melts

when the current densty rises 0410 Aem®. Wt damete of ¢ylincrical wire should be used to limt the
currentto 0.65 A7

\ m
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4. [HRwWE 27 P 026] In Earth's lower atmosphere there are negative and positive ions, created by
radioactive elements in the soil and cosmic rays from space. In a certain region, the atmospheric electric
field strength is 110 V/m, directed vertically down. This field causes singly charged positive ions, 690 pe|
cm?’, to drift downward and singly charged negative ions, 580 per cm?", to drift upward (Fig. 27-24). The
measured conductivity is 2.70 10" - m.

Figure 27-24.

Calculate

(a) the ion drift speed, assumed to be the same for positive and negative ions, and
cmis

(b) the current density.
Alm?
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Electrical current in a wire
Approximately follows Ohm’s law: AV = IR

The resistance R depends on properties of the materials

R = ‘mAL = pA_L m electron mass
g’ntA A
E = AV/AL g electron charge

N number of electrons/volume
T time between collisions

In general R depends on
temperature T.
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Electrical power associated with current in a wire
dU =dgAV

IR RVISRTRY
dt  dt

-

P (electrical power)

unit: 1 J/s=1 Watt

2
P =I1AV = IZR:—(A\FZ)

=% represents rate of energy transfer while
current passes through wire
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Consider a 60 W light bulb, connected to a 120 V voltage
source.

What 1s the current passing through the wire
in the bulb?

(A)O.SA (B)1.0A (C)30A (D)240 A

%

What 1s the resistance of the wire in the
bulb?

(A)0.5Q (B)1.0Q(C)30Q (D) 240 Q
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Online Quiz for Lecture 7
Electrical current -- Jan. 28, 2005

Suppose that yvou connect a light bulb {(either 30-W or 60-W) to a
120 V voltage source.

1. What 1s the resistance (in £2) in the 30-W bulb?
(a) 0.25 (b) 4(2) 480X d) 3600

2. What 15 the current (in Amps) in the 30-W bulb?

(b) 4 (¢) 480 (d) 3600

3. What 1s the resigtance (in £2) in the 60-W bulb?
(@) 0.5 (b) Z(d) 7200

4. What 1s the current (in Amps) in the 60-W bulb?
(2) 0.3)b) 2 (<) 240 (d) 7200
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Connecting resistors 1n series:

The same current |

passes through both
a ﬁ:;.f'll., b ;:'E*":f ¢ resistors R, and R,
/
| VA= R, + IR,
+‘|ﬁ_1: =I(R;+ R;)

=» For resistors connected 1n series:
Req — Z Ri
|
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Resistors connect in parallel

R, The same voltage AV
passes through each
resistor:

| R, _
b AV i AV = 1,R,=,R,
Iy
] =1 41,
L AV = IR,

=>» For resistors connected in parallel:

1 |
I— Z .
Req I Ri
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Example: AV=100V R;=20Q R2=3£"2

L *

|

s 1 p 2o, w
—AMN—e—AN— f|‘r R,
a— HNI\, 10
il \ T 7,
|
Y A
+1" - ry Ly
R, =R +R, =20Q+3Q=50Q Vi=lR =1LR, =V
I_ﬂ_lOOV_zoA |1=V=100V=50A
R, 50 R 20
V.= IR =40V V, = IR, =60V | =V IOV 53333
2
P =1V +1V, =2000W P =1V +1V, =8333.33333W
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A0 W 60 W

S —=IF
—

13.33 W
= 6.67W

D
[\
]

AV =1 (R, +R,)
1=0.167 A

D
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Consider the circuit shown on the left.
How much current 1s running in each light
bulb when AV =120 V? (Note: the power
rating of each bulb 1s valid only when they
are connected to a 120 V voltage source.)

, _ 5 _gosa (AV )’

AV R, ==~ = 4800

K _0.5A 2
Ilz—: . 2

AV R, =(AX) = 2400
| =1,+1,=0.75A J
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Peer instruction question

Suppose you connect two devices, each with a resistance of
100 Q2 in parallel to a 120 V voltage source. What is
the total current in the circuit?

(A)0.6A (B) 12A (C) 24A (D)48A

Suppose you connect two devices, each with a resistance of
100 Q in series to a 120 V voltage source. What is the
total current in the circuit?

(A)0.6A (B) 12A (C) 24A (D)48A
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Voltage sources

*Batteries (chemical reactions)

Solar cells (conversion of solar energy to voltage output)

*Generators (conversion of mechanical energy to voltage

output)

General terminology — “electromotive force” — emf, €

Real emf’s often have energy losses during operation so
that the ideal voltage € is reduced. This energy loss can be
modeled by an internal resistance r represented by the

equivalent circuit:

___________

1/28/2005

___________
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In this case the current
1s then determined by

' &= +R)l
¢

r+R "



Analysis of DC circuits:

Elements:

i a_—y|tb
a b a AAA D | |
. —1
wire = V=0 esistor — V,=-IR emf —V,, =
The principles:
Kirchhoff’s rules

At any wire function: 2 lj, =2 1o

For any closed wire loop: Y AV =0
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Example:

E,=60V

_ —- |
a =|+ b

Ry=10Q R,=80Q

d —||+ C

E€,-12V
&-1IR, +(-&)—IR, =0

| = -5 = —-0.33A
R, +R,
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Example:

— |_|_ Rz—hfl
r'u—ll MN ' Xé
12\? OLL li;; [[=2A
? I,=-3A
— L
ae Wy *d L=-1A
2 Q)
R,
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