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e[RRI TWO CAPACITORS AND TWO RESISTORS

A 2.40-uF capacitor and a 3.60-uF capaci-- 26.27 When the
tor are connected in series. (a) A charge of connection is made,
5.20 mC is placed on each capacitor. What the charged capaci-
is the enmergy stored in the capacitors? tOrs discharge.

(b) A 655-() resistor is connected to the ter- 458 x 10°0
minals of the capacitor combination, and a £

: ; R N
voltmeter with resistance 4.58 X 107 ) is @&
connected across the resistor (Fig. 26.27). 655 Q)
What is the rate of change of the energy AAAA
stored in the capacitors just after the con-
nection is made? (c) How long after the +11 - +1 -

connection is made has the energy stored in :

the capacitors decreased to 1/e of its initial 240 uF  3.60 uF
value? (d) At the instant calculated in part (c),

what is the rate of change of the energy stored in the capacitors?

SOLUTION GUIDE

IDENTIFY AND SET UP
1. The two capacitors act as a single equivalent capacitor (see
Section 24.2), and the resistor and voltmeter act as a single

equivalent resistor. Select equations that will allow you to cal-
culate the values of these equivalent circuit elements.

2. In part (a) you will need to use Eq. (24.9), which gives the en-
ergy stored in a capacitor.

3. For parts (b), (c), and (d), you will need to use Eq. (24.9) as well
as Egs. (26.16) and (26.17), which give the capacitor charge
and current as functions of time. (Hint: The rate at which en-
ergy is lost by the capacitors equals the rate at which energy is
dissipated in the resistances.)

EXECUTE

4. Find the stored energy att = 0.

5. Find the rate of change of the stored energy at r = 0.

6. Find the value of ¢ at which the stored energy has 1/e of the
value you found in step 4.

7. Find the rate of change of the stored energy at the time you
found in step 6.

EVALUATE

8. Check your results from steps 5 and 7 by calculating the rate of
change in a different way. (Hint: The rate of change of the
stored energy U is dU/dt.)

Problems w

For assigned homework and other learning materials, go to MasteringPhysics®.

s, ¢, ooe: Difficulty levels. CP: Cumulative problems incorporating material from earlier chapters. CALC: Problems requiring calculus.
DATA: Problems involving real data, scientific evidence, experimental design, and/or statistical reasoning. BIO: Biosciences problems.

DISCUSSION QUESTIONS

Q26.1 If you use an appliance with a power rating higher than
that specified for your household power line, the fuse blows from
your supply box. Does this mean the fuse is defective?

Q26.2 In a physics laboratory, you are constructing a direct
current circuit and you need to get the maximum power from the
components you have. If you have a number of resistors and power
sources, what configuration of components would give the maxi-
mum power?

Q26.3 A galvanometer can be used as a sensitive ammeter.
To increase the current sensitivity of an ammeter, a phos-
phorous bronze spring is used because its value of restoring
force per unit twist is very small. Is a weak shunt resistance
connected in series with the galvanometer when used as an
ammeter?

Q26.4 In the circuit shown in Fig. Q26.4, Figure 826.4

three identical light bulbs are connected to a £
flashlight battery. How do the brightnesses of =

the bulbs compare? Which light bulb has the A
greatest current passing through it? Which <l

light bulb has the greatest potential difference @B @C
between its terminals? What happens if bulb A

is unscrewed? Bulb B? Bulb C? Explain your reasoning.

Q26.5 If two resistors R, and Ry Figure @26.5

(R, > Ry) are connected in series as Y
shown in Fig. Q26.5, which of the fol- R 2 R B
lowing must be true? In each case justify a b c

your answer. (a) [; = I, = 5. (b) The current is greater in R, than
in R,. (c) The electrical power consumption is the same for both
resistors. (d) The electrical power consumption is greater in R,
than in R;. (¢) The potential drop is the same across both resistors.
(f) The potential at point a is the same as at point c. (g) The poten-
tial at point b is lower than at point ¢. (h) The potential at point ¢
is lower than at point b.

Q26.6 If two resistors R; and R, Figure 826.6

(R, > R;) are connected in paral- Bkt
lel as shown in Fig. Q26.6, which of ~ ;, —>. I
the following must be true? In each
case justify your answer. (a) I} = I. . ¥

(b) I5 = Iy. (c) The current is greater

in R than in R,. (d) The rate of electrical energy consumption is
the same for both resistors. (¢) The rate of electrical energy con-
sumption is greater in R, than in R;. x

(f) Vg = Vor = V. (2) Point ¢ is at high-  [19ure 826.7

er potential than point d. (h) Point fis at B
higher potential than point e. (i) Point ¢ is _@_.f..._
at higher potential than point e. B, S
Q26.7 A battery with no internal resis- @
tance is connected across identical light
bulbs as shown in Fig. Q26.7. When you B
close the switch S, will the brightness of @
bulbs By and B, change? If so, how will it
change? Explain. 4&
it
—_= — = — - - —




Q26.8 A resistor consists of three ~ Figure 26.8
identical metal strips connected as
shown in Fig. Q26.8. If one of the
strips is cut out, does the ammeter
reading increase, decrease, or stay +,
the same? Why? L
926.9 'A llight bulb. is connected Figure @26.9
in the circuit shown in Fig. Q26.9.
If we close the switch S, does S
the bulb’s brightness increase,
decrease, or remain the same?
Explain why.
Q26.10 A real battery, having i @
nonnegligible internal resistance,
is connected across a light bulb as shown in Figure 26.10
Fig. Q26.10. When the switch S is closed, what (@
happens to the brightness of the bulb? Why? o
Q26.11 If the battery in Discussion Ques- | omp spjpp|
tion Q26.10 is ideal with no internal resistance, 8
what will happen to the brightness of the bulb el
when § is closed? Why?
Q26.12 Consider the circuit shown in Figure &26.12
Fig. Q26.12. What happens to the bright-
nesses of the bulbs when the switch S is
closed if the battery (a) has no internal re-
sistance and (b) has nonnegligible internal
resistance? Explain why. |
Q26.13 In your household, many elec- :
trical outlets carry several units where
you can attach your electrical equipment using electrical plugs.
Are they connected in series or parallel? Explain your ahswer.
Q26.14 The battery in the circuit Figure ©26.14
shown in Fig. Q26.14 has no internal

; : B, B,
resistance, After you close the switch S, @ @
will the brightness of bulb B, increase, _L R l e
decrease, or stay the same? + s
Q26.15 In a two-cell flashlight, the '|'E {
batteries are usually connected in
series. Why not connect them in par-
allel? What possible advantage could there be in connecting
several identical batteries in parallel?
Q26.16 Identical light bulbs A, B, Figure @26.16
and C are connected as shown in

|+ A c

Fig. Q26.16. When the switch S is

closed, bulb C goes out. Explain why.

What happens to the brightness of Bq

bulbs A and B? Explain. .

Q26.17 The emf of a flashlight bat- Cq@ \s
tery is roughly constant with time, but

its internal resistance increases with
age and use. What sort of meter \
£ Figure ©26.18

should be used to test the fresh-
R C
[ '
F

ness of a battery?
Q26.18 Will the capacitors in
the circuits shown in Fig. Q26.18 £ T .
charge at the same rate when
the switch § is closed? If not, (@

in which circuit will the ca- R
pacitors charge more rapidly? _l_—'?_’vw—I—_L
Explain. S;l— _[_C _I_C

Q26.19 Verify that the time
constant RC has units of time. (b)
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Q26.20 Your instructor asked you to change the time constant of
the R-C circuit you made in the laboratory by changing only one
component. To change the time constant of an R-C circuit, which
element is easier to change and more effective?

Q26.21 What are the main requirements of a reliable ammeter
and voltmeter? What would happen if you used an ammeter in
place of a voltmeter during a certain application? Explain your an-
swer with an example.

EXERCISES

Section 26.1 Resistors in Series and Parallel
26.1 = A uniform wire of resistance R~ Figure E26.1
is cut into three equal lengths. One of ~
these is formed into a circle and connec- s b
ted between the other two (Fig. E26.1).
What is the resistance between the opposite ends a and b?
26.2 *» A machine part has Figure E26.2
a resistor X protruding from
an opening in the side. This 4
resistor is connected to three % : 15.0% 5.0 % %1(}.0
I
Il
I

other resistors, as shown in A 0 9]
Fig. E26.2. An ohmmeter con- 2
nected across a and b reads
2.00 €. What is the resistance of X?

26.3 » A resistor with R; = 30.0Q is connected to a bat-
tery that has negligible internal resistance and electrical energy
is dissipated by R at a rate of 34.0 W. If a second resistor with
R, = 18.0 Q) is connected in series with R;. what is the total rate
at which electrical energy is dissipated by the two resistors?

26.4 + A 34-Q) resistor and a 16-{) resistor are connected in
parallel, and the combination is connected across a 240-V dc line.
(a) What is the resistance of the parallel combination? (b) What is
the total current through the parallel combination? (c) What is the
current through each resistor?

26.5 * A triangular array of resistors Figure E26.5

is shown in Fig. E26.5. What current
will this array draw from a 30.0-V bat-
tery having negligible internal resistance
if we connect it across (a) ab; (b) bc;
(¢) ac? (d) If the battery has an internal 20.0
resistance of 5.00 (), what current will

the array draw if the battery is connected across bc?

26.6 °* For the circuit shown in Figure E26.6

Fig. E26.6 both meters are ide-
alized, the battery has no appre-
ciable internal resistance, and the
ammeter reads 1.15 A. (a) What
does the voltmeter read? (b) What
is the emf £ of the battery?

26.7 ¢ For the circuit shown
in Fig. E26.7 find the reading :
of the idealized ammeter if the battery ~Figure E26.7
has an internal resistance of 3.86 (). 4;3& Q
26.8 * Three resistors having resis-

tances of 1.60 Q0,240 0, and 480 Q@ |20V 1509
are connected in parallel to a 28.0-V bat- [ ——"W——&)
tery that has negligible internal resis-
tance. Find (a) the equivalent resistance AAAA
of the combination; (b) the current in 1500
each resistor; (c) the total current through the battery; (d) the volt-
age across each resistor; (e) the power dissipated in each resistor.
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(f) Which resistor dissipates the most power: the one with the great-
est resistance or the least resistance? Explain why this should be.
26.9 » Now the three resistors of Exercise 26.8 are connected
in series to the same battery. Answer the same questions for this
situation. .
26.10 -- Power Rating of a Resistor. The power rating of a
resistor is the maximum power the resistor can safely dissipate
without too great a rise in temperature and hence damage to the
resistor. (a) If the power rating of a 15-k {} resistor is 5.0 W, what
is the maximum allowable potential difference across the termi-
nals of the resistor? (b) A 9.0-k{) resistor is to be connected across
a 120-V potential difference. What power rating is required?
(©) A 100.0-€ and a 150.0-Q) resistor, both rated at 2.00 W, are
connected in series across a variable potential difference. What is
the greatest this potential difference can be without overheating
either resistor, and what is the rate of heat generated in each resis-
tor under these conditions? :

6.11 - InFig. E26.11, R, = Figure E26.11
6.00 ), R, =6.00 {, and

Ry = 7.00 ). The battery has R,
negligible internal resistance.
The current I, through R, is g% R,

4.00 A. (a) What are the cur- -l-
rents [; and /3?7 (b) What is the
emf of the battery?

26.12 + In Fig. E26.11 the battery

has emf 25.0 V and negligible internal

resistance. R; = 2.00 ). The current !

through R; is 2.00 A, and the current Figure E26.13
through R; = 4.90A. What are the E=600V, r=0
resistances Ry and R3? -

6.13 » Compute the equivalent resis- 3000 1200
tance of the network in Fig. E26.13,
and find the current in each resistor.
The battery has negligible internal
resistance.

26.14 + Compute the equivalent resis- Figure E26.14
tance of the network in Fig. E26.14,

AR
Ry

6.000 4.000Q

E=480V, r=20

and find the current in each resistor. i
The battery has negligible internal
resistance. 1.000 3.000

26.15 * In the circuit of Fig. E26.15,
each resistor represents a light bulb.
Let R] T R2 — R3 = R4 = 4.37 () and
£ =902 V. (a Find the current in
each bulb. (b) Find the power dis-
sipated in each bulb. Which bulb or

Ry
bulbs glow the brightest? () Bulb Ry [
is now removed from the circuit, leav- € R, ﬁ R,
ing a break in the wire at its position.

Now what is the current in each of
the remaining bulbs R, Rp, and R3?
(d) With bulb Ry removed, what is the
power dissipated in each of the re- Figure E26.16
maining bulbs? () Which light bulb(s)

7.000Q 5.000

Figure E26.15

: ; 4.00A_6.00 O
glow brighter as a result of removing - eI )
Ry Which bulb(s) glow less brightly? A
Discuss why there are different effects —|
on different bulbs. 20.0 O
26.16 + Consider the circuit shown in VW
Fig. £26.16. The current through the '”l'ﬁ

6.00-0) resistor is 4.00 A, in the direction 5

shown. What are the currents through the 25.0-Q and 20.0-Q
resistors?

26.17 * In the circuit shown in Fig. E26.17, Figure E26.17
the voltage across the 2.00-{) resistor is
12.0 V. What are the emf of the battery and
the current through the 6.00-{) resistor?
26.18 =+« In the circuit shown in Fig. E26.18,
£=1360V, R =400Q, R,=600Q,
and Ry = 3.00 ). (a) What is the

potential difference V,; between' Figure E26.18
points a and b when the switch § is

open and when § is closed? (b) For a
each resistor, calculate the current
through the resistor with S open
and with S closed. For each resis-
tor, does the current increase or
decrease when S is closed?

26.19 +« CP In the circuit in Figure E26.19

Fig. E26.19, a 20.0-() resistor is 1000 1000
inside 100 g of pure water that
is surrounded by insulating sty-
rofoam. If the water is initially at
10.0°C, how long will it take for
its temperature to rise to 57.0°C?
26.20 ¢+ In the circuit shown
in Fig. E26.20, the rate at which R;  Figure E26.20
is dissipating electrical energy is 350 A
15.0 W. (a) Find R; and R. (b) What =

is _the emf of the battery? (c) Find +/10.0 0 R
the current through both R, and the 5 !
10.0-Q) resistor. (d) Calculate the total —
electrical power consumption in all P
the resistors and the electrical power

delivered by the battery. Show that

your results are consistent with conservation of energy.
26.21 + Light Bulbs in Series and in Parallel. Two light
bulbs have constant resistances of 400 Q and 800 (. If the two
light bulbs are connected in series across a 120-V line, find (a) the
current through each bulb; (b) the power dissipated in each bulb;
() the total power dissipated in both bulbs. The two light bulbs
are now connected in parallel across the 120-V line. Find (d) the
current through each bulb: (e) the power dissipated in each bulb;
(f) the total power dissipated in both bulbs. (g) In each situation,
which of the two bulbs glows the brightest? (h) In which situation
is there a greater total light output from both bulbs combined?
26.22 - Light Bulbs in Series. A 60-W, 120-V light bulb and
a 200-W, 120-V light bulb are connected in series across a 240-V
line. Assume that the resistance of each bulb does not vary with
current., (Note: This description of a light bulb gives the power it
dissipates when connected to the stated potential difference; that
is, a 25-W, 120-V light bulb dissipates 25 W when connected to
a 120-V line.) (a) Find the current through the bulbs. (b) Find the
power dissipated in each bulb. (c) One bulb burns out very quickly.
Which one? Why?

10.0 0 10.0 0

300V 5.0Q

Section 26.2 Kirchhoff’s Rules

26.23 == In the circuit shown in Fig. E26.23, ammeter A, reads
10.0 A and the batteries have no appreciable internal resistance.
(a) What is the resistance of R? (b) Find the readings in the other
ammeters.



Figure E26.23

Py
- &)

& 40.0Q
& 2000
280 160 s
| i il e

26.24 -+ The batteries shown Figure E26.24
in the circuit in Fig. E26.24
have negligibly small internal |4 300 2000
resistances. Find the current 100V T Q
through (a) the 30.0-() resistor: 500V
(b) the 20.0-0) resistor; (c) the
10.0-v battcry. Flgure E26.25

25 * Inthe circuit shown in Fig, E26.25
find (a) the current in resistor R; (b) the
resistance R; (¢) the unknown emf &. (d) If
the circuit is broken at point x, what is the
current in resistor R?

26.26 * Find the emfs &£ and & in the cir-
cuit of Fig. E26.26, and find the potential
difference of point b relative to point a.

Figure E26.26
1.00Q 200V
6.00 (1

26.27 -« In the circuit shown in Fig. E26.27, find (a) the current
in the 3.00-() resistor; (b) the unknown emfs &) and &; () the
resistance R. Note that three currents are given.

Figure E26.27
&

——

4.00 0
3.00 A;

&
f‘*‘—.

3.000 ? 6.00 0
1

5.00A
26.28 = In the circuit shown in Figure E26.28
Fig. E26.28, find (a) the current in each 2000 1000V Q
branch and (b) the potential difference a 3.00
Vap of point a relative to point b. e
26.29 + The 1000-V battery in |M00Q 500V , oo

Fig. E26.28 is removed from the cir- b
cuit and reinserted with the opposite 10.00 Q

polarity, so that its positive terminal is A

now next to point a. The rest of the cir-

cuit is as shown in the figure. Find (a) the current in each branch
and (b) the potential difference V,;, of point a relative to point b.

Exercises 899

’

26.30 * The 5.00-V battery in Fig. E26.28 is removed from the
circuit and replaced by a 15.00-V battery, with its negative termi-
nal next to point b. The rest of the circuit is as shown in the figure.
Find (a) the current in each branch and (b) the potential differ-
ence V,, of point a relative to point b.

26.31 °° In the circuit shown in Fig. E26.31 the batteries have
negligible internal resistance and the meters are both idealized.
With the switch S open, the voltmeter reads 17.0 V. (a) Find the
emf £ of the battery. (b) What will the ammeter read when the
switch is closed?

Figure E26.31
30.0 0

AN A
200
75.0 Q ‘(25.0 v
0 it
E=92 8§
i !

Figure E26.32
1200

26.32 *» In the circuit
shown in Fig. E26.32 both
batteries have insignificant
internal resistance and the 48.0
idealized ammeter reads
180 A in the direction 0
shown. Find the emf £ of the
battery. Is the polarity shown
correct?

26.33 « In the circuit shown in
Fig. E26.33 all meters are ide-
alized and the batteries have no
appreciable internal resistance.
() Find the reading of the volt-
meter with the switch § open.
Which point is at a higher poten-
tial: @ or b7 (b) With S closed, find
the reading of the voltmeter and the ammeter. Which way (up or
down) does the current flow through the switch?

26.34 ** In the circuit shown in Fig. E26.34, the 6.0-( resistor
is consuming energy at a rate of 23 J/s when the current through
it flows as shown. (a) Find the current through the ammeter A.
(b) What are the polarity and emf &£ of the unknown battery,
assuming it has negligible internal resistance?

Figure E26.33
100.0 Q a

Figure E26.34
2000

130 1.0

Section 26.3 Electrical Measuring Instruments

26.35 * The resistance of a galvanometer coil is 30.0 Q. and the
current required for full-scale deflection is 500 wA. (a) Show in a
diagram how to convert the galvanometer to an ammeter reading
25.0 mA full scale, and compute the shunt resistance. (b) Show
how to convert the galvanometer to a voltmeter reading 500 mV
full scale, and compute the series resistance.
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26.36 * The resistance of the coil of a pivoted-  Figure E26.36
coil galvanometer is 9.99 (), and a current of

0.0250 A causes it to deflect full scale. We want @

to convert this galvanometer to an ammeter read- & “
ing 20.0 A full scale. The only shunt available

has a resistance of 0.0300 ). What resistance R

must be connected in series with the coil (Fig. E26.36)?
26.37 ¢ A circuit consists of a series combination of 5.50-kQ)
and 4.50-k{) resistors connected across a 50.0-V battery having
negligible internal resistance. You want to measure the true poten-
tial difference (that is, the potential difference without the meter
present) across the 4.50-k{) resistor using a voltmeter having an
internal resistance of 10.0 k). (a) What potential difference does
the voltmeter measure across the 4.50-k{) resistor? (b) What is the
true potential difference across this resistor when the meter is not
present? (c) By what percentage is the voltmeter reading in error
from the true potential difference? f

26.38 * A galvanometer having a resistance of 20.0 {) has a
1.00-) shunt resistance installed to convert it to an ammeter. It is
then used to measure the current in a circuit consisting of a 10.0-0)
resistor connected across the terminals of a 25.0-V battery hav-
ing no appreciable internal resistance. (a) What current does the
ammeter measure? (b) What should be the frue current in the cir-
cuit (that is, the current without the ammeter present)? (c) By what
percentage is the ammeter reading in error from the rrue current?

Shunt

Section 26.4 R-C Circuits

26.39 + A capacitor is charged to a potential of 12.0 V and is
then connected to a voltmeter having an internal resistance of
3.40 M(). After a time of 4.00 s the voltmeter reads 3.0 V. What
are (a) the capacitance and (b) the time constant of the circuit?
26.40 *+ You connect a battery, resistor, and capacitor as in
Fig.26.20a, where £ = 36.0 V, C = 5.00 uF,andR = 120 (). The
switch S is closed at + = 0. () When the voltage across the capac-
itor is 8.00 V, what is the magnitude of the current in the circuit?
(b) At what time ¢ after the switch is closed is the voltage across
the capacitor 8.00 V? (c) When the voltage across the capacitor is
8.00 V, at what rate is energy being stored in the capacitor?

26.41 » A 5.20-pF capacitor that is initially uncharged is con-
nected in series with a 5.20-k{} resistor and an emf source with
£ = 225 V and negligible internal resistance. Just after the circuit
is completed, what are (a) the voltage drop across the capacitor;
(b) the voltage drop across the resistor; (c) the charge on the
capacitor; (d) the current through the resistor? (e) A long time after
the circuit is completed (after many time constants) what are the
values of the quantities in parts (a)—(d)?

26.42 -+ You connect a battery, resistor, and capacitor as in
Fig. 26.20a, where R = 120 Q and C = 5.00 X 10 F. The
switch § is closed at + = 0. When the current in the circuit has
magnitude 3.00 A, the charge on the capacitor is 40.0 X 112 o
(a) What is the emf of the battery? (b) At what time  after the switch
is closed is the charge on the capacitor equal to 40.0 X 107°C?
(c) When the current has magnitude 3.00 A, at what rate is ener-
gy being (i) stored in the capacitor, (ii) supplied by the battery?
?6.43 e» CP In the circui_t shown Figure E26.43

in Fig. E26.43 both capacitors are
initially charged to 50.0 V. (a) How T
long after closing the switche S will 1504 _|4+20.0
the potential across each capacitor — uF :j HF
be reduced to 15.0 V, and (b) what
will be the current at that time? 30.00

50.0 2

26.44 - A 12.6-uF capacitor is connected through a 0.895-M()
resistor to a constant potential difference of 60.0 V. (a) Compute
the charge on the capacitor at the following times after the con-
nections are made: 0, 5.0 s, 10.0 s, 20.0 s, and 100.0 s. (b) Compute
the charging currents at the same instants. (¢c) Graph the results of
parts (a) and (b) for # between 0 and 20 s.

26.45 * An emf source with £ = 120 V, a resistor with R =
72.0 €, and a capacitor with C = 4.30 uF are connected in series.
As the capacitor charges, when the current in the resistor is 0.900 A,
what is the magnitude of the charge on each plate of the capacitor?
26.46 - A resistor and a capacitor are connected in series to an
emf source. The time constant for the circuit 1s 0.780 s. (a) A sec-
ond capacitor, identical to the first, is added in series. What is the
time constant for this new circuit? (b) In the original circuit a sec-
ond capacitor, identical to the first, is connected in parallel with
the first capacitor. What is the time constant for this new circuit?
26.47 -+ CP In the circuit shown .

b0 Wiy, ‘UG ieath oapasitor ini-" . B RERRO
tially has a charge of magnitude 1(3:0 PF

3.50 nC on its plates. After the FI“"‘E

switch S is closed, what will be the  20.0 ,

current in the circuit at the instant PF = 306
that the capacitors have lost 80.0% +|=

of their initial stored energy? 15.0 pF

26.48 - A 1.60-uF capacitor is

charging through a 14.0-0) resistor using a 10.0-V battery. What
will be the current when the capacitor has acquired * of its maxi-
mum charge? Will it be % of the maximum current?

26.49 - In the circuit in Fig. E26.49 the capacitors are initially
uncharged, the battery has no internal resistance, and the ammeter
is idealized. Find the ammeter reading (a) just after the switch S is
closed and (b) after § has been closed for a very long time.

Figure E26.49 2500

10.0 uF

26.50 = A 12.0-uF capacitor is charged to a potential of 50.0 V
and then discharged through a 225-0) resistor. How long does it
take the capacitor to lose (a) half of its charge and (b) half of its
stored energy?

26.51 » In the circuit shown in Fig. E26.51, C = 590 uF,
£ = 28,0 V, and the emf has negligible resistance. Initially the
capacitor is uncharged and the switch S is in position 1. The switch
is then moved to position 2, so that the capacitor begins to charge.
(a) What will be the charge on the ca-

pacitor a long time after S is moved to ~ Figure E26.51

position 2? (b) After § has been in po-  gyitch § Switch §
sition 2 for 3.00 ms, the charge on the  in position 1 in position 2
capacitor is measured to be 110 uC. .

What is the value of the resistance R?
(c) How long after § is moved to posi-
tion 2 will the charge on the capacitor
be equal to 99.0% of the final value
found in part (a)?




Section 26.5 Power Distribution Systems

26.52 * The heating element of an electric dryer is rated at 4.1 kW
when connected to a 240-V line. (a) What is the current in the
heating element? Is 12-gauge wire large enough to supply this cur-
rent? (b) What is the resistance of the dryer’s heating element at its
Operating temperature? (c) At 11 cents per kWh, how much does it
cost per hour to operate the dryer?

26.53 * A 1500-W electric heater'is plugged into the outlet of a
120-V circuit that has a 20-A circuit breaker. You plug an electric
hair dryer into the same outlet. The hair dryer has power settings of
600 W, 900 W, 1200 W, and 1500 W. You start with the hair dryer
on the 600-W setting and increase the power setting until the circuit
breaker trips. What power setting caused the breaker to trip?

PROBLEMS

26.54 - In Fig. P26.54, the Figure P26.54
battery has negligible internal
resistance and £ = 48.0V.
R =R, =370 Q and R, =
4.00 2. What must the resis-
tance Ry be for the resistor
network to dissipate electrical
energy at a rate of 270 W?
26.55 - The two identical light bulbs in Example 26.2 (Sec-
tion 26.1) are connected in parallel to a different source, one with
& = 8.0 V and internal resistance 0.7 ). Each light bulb has a re-
sistance R = 2.0 () (assumed independent of the current through
the bulb). (a) Find the current through each bulb, the potential dif-
ference across each bulb, and the power delivered to each bulb.
(b) Suppose one of the bulbs burns out, so that its filament breaks
and current no longer flows through it. Find the power delivered
to the remaining bulb. Does the remaining bulb glow more or less
brightly after the other bulb burns out than before?

26.56 ++ Each of the three resistors in F ig. P26.56 has a resis-
tance of 3.5 () and can dissipate a maximum Figure P26.56
of 34 W without becoming excessively heated.,

What is the maximum power the circuit can

dissipate?

26.57 ++ (a) Find the potential of point @ with respect to point b
in Fig. P26.57. (b) If points a and b are connected by a wire with
negligible resistance, find the current in the 8.0-V battery.

Ry

Figure P26.57

1.00Q 12.0V

Ty

\Nv*if.L
20002 , 1000 100V 1.00 O
2.00 Q 1000 80V 300254540
e Y

26.58 = CP For the cir- Figure P26.58
cuit shown in Fig, P26.58
a 20.0- resistor is embed-
ded in a large block of ice
at 0.00°C, and the battery
has negligible internal resis-
tance. At what rate (in g/s) is
this circuit melting the ice?
(The latent heat of fusion for
iceis 3.34 X 10° J/kg.)

10.00

“as shown? Is the polarity

Problems 901

26.59 - Calculate the three currents 11, I, and [5 indicated in the
circuit diagram shown in Fig, P26.59.

Figure P26.59 Figure P26.60

26.60 == What must the emf £ in Fig. P26.60 be in order for the
current through the 7.00-( resistor to be 1.75 A? Each emf source
has negligible internal resistance.

26.61 « Find the current through each of the three resistors of
the circuit shown in Fig. P26.61. The emf sources have negligible
internal resistance.

Figure P26.61
200V

20Vs000

+
5%0 *0 La60v
T

140V

Figure P26.62

26.62 - (a) Find the current through the battery and each resis-
tor in the circuit shown in Fig. P26.62. (b) What is the equivalent
resistance of the resistor network?

26.63 -+ Consider the cir- Figure P26.63

cuit shown in Fig. P26.63.
(a) What must the emf & of
the battery be in order for
a current of 2.00 A to flow
through the 5.00-V battery

10,00 20.00

of the battery correct as
shown? (b) How long does

it take for 60.0 J of thermal
energy to be produced in
the 10.0-) resistor?

26.64 - In the circuit shown Figure P26.64
in Fig. P26.64, £ =240V, :

R =600Q, Ry=120Q, _L

and R, can vary between ¢Z

3.00 Q and 24.0 ). For what T
value of R; is the power dis-
sipated by heating element Ry
the greatest? Calculate the magnitude of the greatest power,
26.65 -+ In the circuit shown in Fig. P26.65, the current in the
20.0-V battery is 5.00 A in the direction shown and the voltage
across the 8.00-() resistor is 17.0 V, with the lower end of the
resistor at higher potential. Find (a) the emf (including its polarity)
of the battery X; (b) the current / through the 200.0-V battery
(including its direction); (c) the resistance R.

Figure P26.65

R, R,

AMAA
R 3
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26.66 =+ In the circuit shown in Fig. P26.66 all the resistors are
rated at a maximum power of 2.00 W. What is the maximum emf
£ that the battery can have without burning up any of the resistors?

Figure P26.66

2500 3000

A\

26.67 * Figure P26.67 employs a
convention often used in circuit dia-
grams. The battery (or other power
supply) is not shown explicitly. It is
understood that the point at the top, ~6.000 3.000
labeled “36.0 V,” is connected to the a b
positive terminal of a 36.0-V bat- 3.000Q 6.00 (1
tery having negligible internal resis-
tance, and that the ground symbol at
the bottom is connected to the negative terminal of the battery.
The circuit is completed through the battery, even though it is not
shown. (a) What is the potential difference V,;, the potential of
point a relative to point b, when the switch § is open? (b) What is
the current through § when it is closed? (c) What is the equivalent
resistance when § is closed?

26.68 -+ Three identical resistors are connected in series. When
a certain potential difference is applied across the combination,
the total power dissipated is 46.0 W. What power would be dis-
sipated if the three resistors were connected in parallel across the
same potential difference?

26.69 + A resistor R, consumes electrical power P; when con-
nected to an emf £ When resistor R; is connected to the same
emf, it consumes electrical power Py. In terms of P; and P, what
is the total electrical power consumed when they are both con-
nected to this emf source (a) in parallel and (b) in series?

26.70 = The capacitor in Figure P26.70

Fig. P26.70 is initially un-
charged. The switch § is closed
at ¢ = 0. (a) Immediately after
the switch is closed, what is
the current through each re-
sistor? (b) What is the final
charge on the capacitor?
26.71 *= A 1.21-uF capacitor that is initially uncharged is con-
nected in series with a 5.41-k() resistor and an emf source with
£ = 57.8 V and negligible internal resistance. The circuit is com-
pleted at r = 0. (a) Just after the circuit is completed, what is the
rate at which electrical energy is being dissipated in the resistor?
(b) At what value of # is the rate at which electrical energy is being
dissipated in the resistor equal to the rate at which electrical en-
ergy is being stored in the capacitor? () At the time calculated in
part (b), what is the rate at which electrical energy is being dis-
sipated in the resistor?

26.72 *+ A 5.80-uF capacitor that is initially uncharged is con-
nected in series with a 4.90-0) resistor and an emf source with
£ = 53.0 V and negligible internal resistance. At the instant when
the resistor is dissipating electrical energy at a rate of 287 W, how
much energy has been stored in the capacitor?

Figure P26.67
V=360V

R, = 8.000

Figure P26.73
100kQ 200 k€2

;—ﬂv\m—g—'vw‘—l

-

26.73 -+ Pointa in Fig. P26.73 is main-
tained at a constant potential of 400 V
above ground. (See Problem 26.67.)
(a) What is the reading of a voltmeter
with the proper range and with re-
sistance 5.00 X 10* Q) when connected between point b and
ground? (b) What is the reading of a voltmeter with resistance
5.00 % 10° Q7 (c) What is the reading of a voltmeter with infinite
resistance? ;
26.74 + The Wheatstone Bridge.
The circuit shown in Fig. P26.74,
called a Wheatstone bridge, 1is
used to determine the value of an
unknown resistor X by compari-
son with three resistors M, N, and
P whose resistances can be varied.
For each setting, the resistance of
each resistor is precisely known. 5 d

With switches §; and §; closed,

these resistors are varied until the current in the galvanometer G
is zero; the bridge is then said to be balanced. (a) Show that under
this condition the unknown resistance is given by X = MP/N.
(This method permits very high precision in comparing resistors.)
(b) If galvanometer G shows zero deflection when M = 860 £
N = 14.00 Q. and P = 33.38 (), what is the unknown resis-
tance X7

26.75 * (See Problem 26.67.) (a) What is the potential of point a
with respect to point b in Fig. P26.75  Figure P26.75

when the switch § is open? (b) Which
point, a or b, is at the higher potential?
(c) What is the final potential of
point b with respect to ground when 6.00 &) 6.00 uF
S is closed? (d) How much does the £ b
charge on each capacitor change when ~ 3.00 uF 3.00 0
S is closed?

Figure P26.74

= 180V

=

26.76 * A 2.36-uF capacitor that is initially uncharged is con-
nected in series with a 5.86-{) resistor and an emf source with
£ = 120 V and negligible internal resistance. (a) Just after the
connection is made, what are (i) the rate at which electrical energy
is being dissipated in the resistor; (ii) the rate at which the electri-
cal energy stored in the capacitor is increasing; (iii) the electrical
power output of the source? How do the answers to parts (1), (ii),
and (iii) compare? (b) Answer the same questions as in part (a) at a
long time after the connection is made. (c) Answer the same ques-
tions as in part (a) at the instant when the charge on the capacitor
is one-half its final value.

26.77 « A 228-0) resistor and a 591-{) resistor are connected in
series across a 90.0-V line. (a) What is the voltage across each
resistor? (b) A voltmeter connected across the 228-() resistor
reads 23.6 V. Find the voltmeter resistance. (c) Find the reading
of the same voltmeter if it is connected across the 591-{} resistor.
(d) The readings on this voltmeter are lower than the “true” volt-
ages (that is, without the voltmeter present). Would it be possible
to design a voltmeter that gave readings higher than the “true”
voltages? Explain.

26.78 - A resistor with R = 840 () is connected to the plates
of a charged capacitor with capacitance C = 4.58 uF. Just before
the connection is made, the charge on the capacitor is 8.10 mC.
(a) What is the energy initially stored in the capacitor? (by What
is the electrical power dissipated in the resistor just after the con-
nection is made? (c) What is the electrical power dissipated in the




resistor at the instant when the energy stored in the capacitor has
decreased to half the value calculated in part (a)?

26.79 * A capacitor that is initially uncharged is connected in
series with a resistor and an emf source with & = 100 V and neg-
ligible internal resistance. Just after the circuit is completed, the
current through the resistor is 6.3 X 10~° A. The time constant
for the circuit is 6.5 s. What are the resistance of the resistor and
the capacitance of the capacitor? i

26.80 = DATA You set up the circuit shown in Fig. 26.22a,
where R = 196 ). You close the switch at time + = 0 and mea-
sure the magnitude i of the current in the resistor R as a function
of time ¢ since the switch was closed. Your results are shown in
Fig. P26.80, where you have chosen to plot In i as a function of .
(@) Explain why your data points lie close to a straight line. (b) Use
the graph in Fig. P26.80 to calculate the capacitance C and the
initial charge O, on the capacitor. (c) When i = 0.0500 A, what is
the charge on the capacitor? (d) When g = 0.500 X 107* C, what
is the current in the resistor?

Figure P26.80

28.00 050 100 150 200 250 3.00 3.50

t(ms)
=25
=30
=35k
—4.0

—4.5
Ini

26.81 = DATA You set up the circuit shown in Fig. 26.20, where
C =5.00 X 107°F. At time r = 0, you close the switch and
then measure the charge g on the capacitor as a function of the
current i in the resistor. Your results are given in the table:

48.0
19.8

40.0
30.2

320
40.0

24.0
499

i (mA) | 56.0
g(pC) | 101

(a) Graph g as a function of i, Explain why the data points, when
plotted this way, fall close to a straight line. Find the slope and
y-intercept of the straight line that gives the best fit to the data,
(b) Use your results from part (a) to calculate the resistance R of
the resistor and the emf &£ of the battery. (c) At what time ¢ after
the switch is closed is the voltage across the capacitor equal to
10.0 V? (d) When the voltage across the capacitor is 4.00 V, what
is the voltage across the resistor?

26.82 -+ DATA The electronics supply company where you work
has two different resistors, Rjand Ry, in its inventory, and you must
measure the values of their resistances. Unfortunately. stock is low,
and all you have are R, and R, in parallel and in series—and you
can’t separate these two resistor combinations. You separately con-
nect each resistor network to a battery with emf 48.0 V and negli-
gible internal resistance and measure the power P supplied by the
battery in both cases. For the series combination, P = 48.0 W: for
the parallel combination, P = 256 W. You are told that Ry > R,.
(a) Calculate Ry and R;. (b) For the series combination, which re-
sistor consumes more power, or do they consume the same power?
Explain. (c) For the parallel combination, which resistor consumes
more power, or do they consume the same power?

Challenge Problems 903

CHALLENGE PROBLEMS

26.83 +=» An Infinite Network. As shown in Fig, P26.83, a
network of resistors of resistances Ry and R, extends to infinity
toward the right. Prove that the total resistance Ry of the infinite
network is equal to

Ry = RI “§ Rlz == 2R|R2
(Hint: Since the network is infinite, the resistance of the network
to the right of points ¢ and d is also equal to Ry.)

Figure P26.83

R and
2 S0 on
; R.d R ' R
—
Ax

26.84 «++ Suppose a resistor R lies along  Figure P26.84
each edge of a cube (12 resistors in all) b
with connections at the corners. Find the

equivalent resistance between two diago-

nally opposite corners of the cube (points

a and b in Fig. P26.84), u

26.85 =+ BIO Attenuator Chains and Axons. The infinite
network of resistors shown in Fig. P26.83 is known as an
attenuator chain, since this chain of resistors causes the poten-
tial difference between the upper and lower wires to decrease, or
attenuate, along the length of the chain. (a) Show that if the
potential difference between the points @ and b in Fig. 26.83
is 'V, then the potential difference between points ¢ and 4 is
Vea = Vap/(1 + B), where B = 2R/(Ry + R,)/RR, and Ry,
the total resistance of the network, is given in Challenge Prob-
lem 26.83. (See the hint given in that problem.) (b) If the poten-
tial difference between terminals ¢ .and b at the left end of the
infinite network is Vj, show that the potential difference be-
tween the upper and lower wires n segments from the left end is
Vo= Wo/(1 + B)". If R; = R,, how many segments are needed
to decrease the potential difference V, to less than 1.0% of W?
(¢) An infinite attenuator chain provides a model of the propaga-
tion of a voltage pulse along a nerve fiber, or axon. Each segment
of the network in Fig. P26.83 represents a short segment of the
axon of length Ax. The resistors R, represent the resistance of
the fluid inside and outside the membrane wall of the axon. The
resistance of the membrane to current flowing through the wall is
represented by R;. For an axon segment of length Ax = 1.0 um,
R =64 x%10°Q and R, =80x102Q (the membrane wall
is a good insulator). Calculate the total resistance Ry and B for
an infinitely long axon. (This is a good approximation, since the
length of an axon is much greater than its width; the largest axons
in the human nervous system are longer than 1 m but only about
107" m in radius.) (d) By what fraction does the potential differ-
ence between the inside and outside of the axon decrease over a
distance of 2.0 mm? (e) The attenuation of the potential differ-
ence calculated in part (d) shows that the axon cannot simply be a
passive, current-carrying electrical cable; the potential difference
must periodically be reinforced along the axon’s length. This
reinforcement mechanism is slow, so a signal propagates along
the axon at only about 30 m/s. In situations where faster response
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is required, axons are covered with a segmented sheath of fatty
myelin. The segments are about 2 mm long, separated by gaps
called the nodes of Ranvier. The myelin increases the resistance of
a 1.0-um-long segment of the membrane to Ry = 3.3 X 102 Q.
For such a myelinated axon, by what fraction does the potential
difference between the inside and outside of the axon decrease
over the distance from one node of Ranvier to the next? This
smaller attenuation means the propagation speed is increased.

[ PASSAGE PROBLEMS)

210 NERVE CELLS AND R-C CIRCUITS. The portion of a
nerve cell that conducts signals is called an axon. Many of the
electrical properties of axons are governed by ion channels, which
are protein molecules that span the axon’s cell membrane. When
open, each ion channel has a pore that is filled with fluid of low
resistivity and connects the interior of the cell electrically to the
medium outside the cell. In contrast, the lipid-rich cell membrane
in which ion channels reside has very high resistivity.

26.86 Assume that a typical open ion channel spanning an
axon’s membrane has a resistance of 1 X 10'! Q. We can model
this ion channel, with its pore, as a 12-nm-long cylinder of radius
0.3 nm. What is the resistivity of the fluid in the pore? (a) 10 Q- m;
B6Q-m (20 m;(d1Q-m

26.87 In a simple model of an axon conducting a nerve signal,
ions move across the cell membrane through open ion channels,
which act as purely resistive elements. If a typical current density
(current per unit cross-sectional area) in the cell membrane is
5 mA/cm® when the voltage across the membrane (the action
potential) is 50 mV, what is the number density of open ion
channels in the membrane? (a) 1/cm?; (b) 10/em?; () 10/mm?;
(d) 100/pum?.

26.88 Cell membranes across a wide variety of organisms have
a capacitance per unit area of 1 p.F/cmz. For the electrical signal
in a nerve to propagate down the axon, the charge on the membrane
“capacitor” must change. What time constant is required when the
ion channels are open? (a) 1 us; (b) 10 us; () 100 ws: (d) 1 ms.

Answers |
?

Chapter Opening Question

(i) The potential difference V is the same across resistors con-
nected in parallel. However, there is a different current / through
each resistor if the resistances R are different: = V/R.

Test Your Understanding Questions

26.1 (a),(c),(d),(b) Here's why: The three resistors in Fig. 26.1a
are in series, s0 Rq =R+ R+ R=3R In Fig. 26.1b the
three resistors are in parallel, so 1/Req = 1/R + 1/R+ 1/R=
3/R and Ry = R/3. In Fig. 26.lc the second and third resis-
tors are in parallel, so their equivalent resistance Rp3 is given by
1/Ry3 = 1/R + 1/R = 2/R; hence Ry; = R/2. This combination
is in series with the first resistor, so the three resistors together
have equivalent resistance Req = R + R/2 = 3R/2. In Fig. 26.1d
the second and third resistors are in series, so their equivalent
resistance is Ry = R + R = 2R. This combination is in parallel
with the first resistor, so the equivalent resistance of the three-
resistor combination is given by 1/Req = 1/R + 1/2R = 3/2R.
Hence R = 2R/3.

26.2 loop chdac, no Equation (2) minus Eq. (1) gives
-L(1Q) - (L +5)(2Q)+ (L — L)1 Q)+ L(1Q)=0.
We can obtain this equation by applying the loop rule around the
path from c to b to d to a to ¢ in Fig. 26.12. This isn’t an indepen-
dent equation, so it would not have helped with the solution of
Example 26.6.

26.3 (a) (ii), (b) (iii) An ammeter must always be placed in
series with the circuit element of interest, and a voltmeter must

alway's be placed in parallel. Ideally the ammeter would have
zero resistance and the voltmeter would have infinite resistance
so that their presence would have no effect on either the resistor
current or the voltage. Neither of these idealizations is possible,
but the ammeter resistance should be much less than 2 () and the
voltmeter resistance should be much greater than 2 ().

26.4 (ii) After one time constant, + = RC and the initial
charge Qg has decreased to Qpe "RC = Qpe RORC = gpe™! =
Qy/e. Hence the stored energy has decreased from Q02/2C to
(Qu/e)*/2C =0p*/2Cé%, a fraction 1/e* = 0.135 of its initial
value. This result doesn’t depend on the initial value of the
energy.

26.5 no This is a very dangerous thing to do. The circuit
breaker will allow currents up to 40 A, double the rated value of
the wiring. The amount of power P = [ 2R dissipated in a section
of wire can therefore be up to four times the rated value, so the
wires could get very warm and start a fire. (This assumes the
resistance R remains unchanged. In fact, R increases with tem-
perature, so the dissipated power can be even greater, and more
dangerous, than we have estimated.)

Bridging Problem

@ 9397 (b) 2.02 X 10*W  (¢) 4.65 X 1074
) 7.43 X 10°W




T i
he Uﬂ-U\?fSi’ﬁ S Jgfdan/ //(ljsrcs De/ﬂmjmz_nf :

’ Zemahs
G_gmg(zl P@SJC_S GOZ)/CL&F#(‘ Zé/gédﬂ' an /m \j
S p gdmf'&m/lomf M&knwucz dj I

am

C_/s}[_ff'gﬁj"
A RS
(ol /%,2 g .
- 240 %22/*/72 -
s 5Tﬂ/‘;“/o-gs |
I:I"f*IZSQZ —@ | J_,

I"l(zlf') :IZ(Ié)
. 2R AANY
% T, - /’g \CX" 1

+T =22
3 Ujrltjo I —}-L_I :;Loqv ﬁ ‘
%/H?) 29 = I

2 X2 B 496 A -



Q&
j 3 Reen

_. q

(6) whan swikch 5 is b

apen ne cument pPasses — AN
f’gm@]ﬂ K, ' Ro =6 i
55
Tn s cuse ES z'f; e e

=2

(ei: 2‘”‘73: q,ﬂ-

sgse T AT R
\éb = IK?’: (Q—)(é): Z(,P\/

WM Sct,.f,k'clg 1S c(djed % Rl ach K, éCVkJ i N f’dﬂ?/‘ﬂf
TR A 6—r‘+%(”$:2,(+_fl.

e T e ety &
Rey 4 & 2U /

£ & n spmpOEI S < G4 S0
I:fgé e C6F A %Va . fl: féL/
54 - r

W}w gw.#@}l g 1.5 y‘am % same Cam:n%
I: Lf-ﬁ /ﬂffd y"ﬁ/f?"éjh K;_ C?-VIO} ES

b Swebch S 18 lored  ‘he cutcent Hhat

pasies Himgh Ky is T “6EF A
vﬁb: lé = b ﬁ‘ ::I?,fq__

oo bl Tk ¥
’f{""/'?"—-j%:q-ﬁ )Iz-,(.%-::

2.6

NOTE I}#[z:l— ~ T



C(DZ?J The ﬁjuf com be didwn ag |2

]Céowj 7%“"
v L,=-4A (MJ fff;pM ’ef# VRS e fo
g &&Z,M‘Dhe«n Jl’uﬂﬂ )

I Tt 1.5 : MC s 1Zle
‘ A (e 2
e 2015 ok 2 l5 % A

27 b
[CX’PO ﬁ,_,[.,l.—-%‘:fIZﬂ
o R L8 =3 T::-T1y-15 g Hous
v‘awﬂd"



@Zgj et

IAL Y @

leap 0,
41, +5 =Tz + 21

ﬂGI’Lw—g ,|.5JT, = O |
I‘-—J:Z"":O —-‘@

lop & -1z +5 IZ"(I'
lgIZ_ - IOJ-, ’1'5 &

e

~ 1) ’f‘gf, —

+.1- )(10) &

— 2Z; WO
iy I, 4l =9

%[m

n@®> T, - ’I)’"’ﬁO%%L,L/
,,I;f'%:o,%H .majyhﬁw
S Fye-hlee) s & L

o-& H

. e | T, 50 -%- e &
Vi +31) -4 L =W -V = (I ~%7)

V-V = - L (-6 2)- ~3(0&) = FR2Y



Cpgﬂ Th cicwt is fffuflf?[@ﬂ[ io A 0&56/\5@6 E

CafCa77L
In; bl wz Hege 4 Cafcim‘bf" R =8 ¢MJL
(ab #raﬂ‘;df; 2 1/ =¥ r'"/\M_’]__
adde 23 V=2 VL s T
i i CPD 6ﬁt_/ﬂc -
-t ~tlkc
e e e e
== = > 0
&5 2= ~‘Hlec S 2[’: = 6_4/'?6
/ :_:"‘Lll‘ . 2 1 ___[?(. ::_,_li_
/ng’[f_ e '—5 RC._—Z_‘ ﬁn{} uémL,-
F:RC:__L_‘;_ - € (VS
L inY
CONS 292 e 251 289
i 3 lyio®



auq| L
01) JLLﬂL a]ﬁ}d‘ Clo)'lﬁ SLJIJ’DA S. E@C[\ c@,ﬂac;fvf‘

(s unc@ﬁga cnd behaves ad 4 Shoit crcurf-

So ﬁV\L7 sl o paCZNQI s b B T

be limnafed as o catwal pased
f‘f/bgh b Nole the polendal drffeen e
a Cross Gy unck@{jﬁd mPaCl'?br L ey
ond oA His wmsteaT Can be %%J‘L\‘?F

AN A Lot shott leCbu'f”' J:Vl Fﬁﬂ 44¢C
r-& C!fCu|'+ S)rMP'rG@ i B8

24 T2 a.d Soft- are f@(a/&l

=B EN +,L—:_2,,T_L__—/>ﬁ/jgog_f2/
% 25 AFR 50

2% hs m  S€lieS w,fﬂ %ﬂ ISJZI?Q_Q _—>
ey Vh IS 48 = (0 6.7 L

= ":,\,/_.:100:6,?2%/9-
Vfl;}/% *%’Lﬁ @Z_ (067

Aé {:‘0) C.((C(/U‘Jf /00/25 ke :}g_ﬂ., .




cpqﬁfj Afle Uffj /05 hme esch CapaqurEr
B HA_{(j Chﬁ{j@c{@ no curent }Oczj)’@"
ﬂwjh e any sy~ N Reetz selres

will i con be e feminaied
Crcod cea be Smpli fed
950 and 2601 amr m S0 3 2% = ot
s in setes with He 5L, 25 and 155

i
/ | -
D by = by + 525 +15 = 1653

= IF};_______IOG 0.6/ A
| &

b Aok /;./2( (v £—>0)

Tha C1fCtay
20 F5A-
- FAVAYA {V‘VA
25 L
i
o0 25

S | NA—
@ G-It



a5

Cﬁnm’cﬁ?ﬂ' n Sefes <= K., = 2R
VzIRe JGE) DT=Y
2R

P:I\/:'\/ '\/f’\/l,
WVl e bW

Cannfc/ﬁbvn 14 PQ(ZNQ {

L 2
%, RJ)% ,7:%—9—)\/»1/%

(

3-_::_\,,/_ . ¥
4 R |
N
P/:I.’\/:@,.\/_\/: A "
S R 2R
= G PP



