Announcements

1. First hour exam — Friday, February 4, 2005 — covering
Chapters 22-28. (Not including 28.8.)

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

The exam will be proctored by Professor G. Holzwarth.
Practice exam available on website.
2. Today’s topics —

DC circuits including &, R, and | (will consider the
effects of C and Q next week)

Kirchhoff’s analysis method
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Analysis of DC circuits:

Elements:
wire resistor capacitor emf
R C
a b a b
MW= G aylte
Va0 — | QT -Q |
V,,= -IR V= —Q/C V,=€

out

The principles:
Kirchhoff’s rules

At any wire junction: 2 lin =2 lout lin

For any closed wire loop: AV =0 al:l b
d C
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Why?
Junction rule: 2 lin =2 lou

out

Consequence of conservation of charge;
assumes no leakage, sparking, etc.

In

Loop rule: >AV =0

b Consequence of electrostatic

° potential being derived from a
conservative electric field
@

2AV = (Vb _Va)+(vc _Vb)+(vd _Vc)+(va —Vq ): 0
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Peer instruction gquestion

Which of the loops of the following circuit follow the
“loop rule”?

14V
ce | | */
Gl (A)abcda
240 l L (B) befch
be—1 + — || o (C) abefcda
v O lf?% (D) All of these.

ae MN ®

1/31/2005 PHY 114 -- Lecture 8



Example: resistors in series:

R,

R, —IR,+&=0 D E=1(R, +R,)

\_\/_/

Reg
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Example: resistors in parallel

¥
|

W 11
‘FIT H._ Req [ Ri
a———A s/
Iy
fT i
1.
+1" =

upper loop: —1LR, +1,R, =0
lower loop: —1,R, +&E=0

junction: I =1 +1, =1=E€ i+i zi
R R.,

1 2
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Shortcuts — using equivalent circuits R 1
°a 1 1

7+7
71QQ R

"R =4Q+ Ry, +9Q

(i [
i b

Ficure P28.6
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Peer instruction question

Which of these are NOT in parallel?

oW

- e -

e e -

e S S S S S
=
S

(A)

AT . o

e e
b
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Onhine Quiz for Lecture 8
Resistance curcuts -- Jan. 31, 2005

#1 47

% v P2 3
= £
v L 4
Consider the two circuits shown above connected to a =20V
voltage source with resistors B; and R>. If R; = R>, which of the

following statements are true in the two cases?

R, Vo b

RV, ]

A V=V 9#]
B. V; <V

C. Iy =5

D. i<l =#2
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Example of circuit analysis:

1;1\,?((2) |3 — Il+|2
T At 1/ «f;—R1|1—R3|3=O
lz[gmm | ~RL-E-RI,=0

P11
, 6Q(R) I
&5 1 l-* =>3 unknowns (I, , 1,, 13)
L 3 equations
ae % R) *® " 3unique solution
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¢ = o/ Linear Equation method :
|2[£4Q(R2) lf? |1+|2_|3:O
Loy, RL+RI=&
10 POR) | RI,+R,Il, ==&
e May be solved b
ae MN ® Y y
2Q (Ry) Subsitution method
l,=1,+1, *Elimination method
&R -Rl,=0 *Maple
—-RI,-&—-R1, =0 -Graphics calculator
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Linear Equation method :

(1)1, +1,-1,=0 (=1, +1,

2)RIL+RI,=& 3 (R+R)L,+RI, =&
CSDRZIZJFRSIB:—e2 RI +(R +R)I, =—&
& | R+R
| =1
2, R ° R

CRar R e mar)E
qu (R+R) R ]1 < (R2+R3)R3
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e
Iz[gm(&) I & RER
) R, R,
be—] ’ 1 4
, 6Q(R)) | R_ RHR ) _ e &
10, It (Ra R+R)o ]n— &-R+R) o
|3
(1@ ‘VW ® Rl — 6[2, R2:4.Q, RSZZ.Q
22 (Ry) E=IN, £=14V
Solving:
=2 A
,=-3 A
=1 A
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Asking Maple to do the algebra:

% lectured.mws - [Server 1] =10l

> solve ({I1+I2=13 R1*I1+R3*I3=E1 R2*I2+R3*I3=-E2},{I1,12,T

lffz 3N
RI1E2-R2EI R3EI+RIE2+E2R3

oc B mm T RRLRRIRIRS

I ; R3El+E2R3+R2EI]

1=
_ R2RJ+R2R3+R1R3}
> solve ({I1+I2=13,6%I1+2¥I3=10,4%I242%I3=-14},{I1,12,13});

{P=-311=213=-1}

e —/
10V 6 Q(R,)
(&)
|3
(1 ® M
2Q (Ry)
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Summary of Kirchhoff’s analysis:

*L.OOP RULE: The algebraic sum of the changes m potential

encountered in a complete traversal of any loop of a circut
must be zero.

»JUNCTION RULE: The sum of the currents entering any

junction must be equal to the sum of the currents leaving that
junction.

Sign conventions:

»RESISTANCE RULE: For a move through a resistance in
the direction of the current, the change in potential 18 -iK; in
the opposite direction 1t 1s +iR.

EMF RULE: For a move through an ideal emf device in the
direction of the emf arrow, the change in potential 1s +; in the
opposite direction it 1s -.
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Practical circuits:

Ammeter
R, R,
Wy Wy
| R
’ (r_neaguremen (shunt circuit)
I; circuit)
€
l,, should be small
(sensitive device) Rs<<R:, R,
Ry >> Rg

=1+
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Practical circuits:

Voltmeter
| B Ro
Ry >>R; ., R;
I | l,,should be small
£ (sensitive device)
1=I,,+1,

1/31/2005 PHY 114 -- Lecture 8 17



PROBLEM 31
In Fig. 28-33& =3.00VE =1.00V, Ry =5.00 W, Rz = 2.00

W, B3 =4.00 W, and both batteries are 1deal. What 1s the rate
at which energy 18 digsipated 1n (a) Ry, (b) K2, and {(¢) R3?
What 15 the power of (d) battery 1 and (e) battery 27
—AANN— Fig. 28-33 Problem 31.

— +
s
o8
o
O
ql
1"+
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