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Current and the motion of Charges H%i5 B EIEH)

MEHF SEHE
AQ . AQ dQ
I =— I =l]lim—=—
At At-0 At dt
AQ = gqnAv At

n: Number Density of particles
=29 _ qnAv, { 4:chargeof each particle

At T
vg:drift speed (BITHEFRE)

U3 Af

- A

The current density vector(EEZ B E X&), ] , is specified by

f = qnvy
If f is uniform and if the surface is flat, which means that 7 would
be uniform, then the flux can be expressed

I=J f-dﬁ=f-/f=]Acost9
s

Example: In a certain particle accelerator, a current of 0.5mA is carried by a 5.0 MeV
proton beam that has a radius equal to 1.5mm. The mass of a proton is m =
1.67 X 1072"kg. The charge of a protonis g = 1.60 x 10719 C.

AR MWAHITHNEEER L V(B TFRE). 1eV B 1AMBFELT 1VHEE
Za, FABHNEER.

(a) Find the number density of protons in the beam.

1 2E
Ej :Emv2 Sv= ’Wk

I _I m
qAv  qA |2E,

— 0'5 1-67 X 10_27 _ 1 4 % 1013 protons
T (160 x 10-)(1.5 x 103)2 |2(5.0 x 106) )

(b) If the beam hits a target, how many protons hit the target in 1.0s?

I =qgqndv = n =

A A
Total number N =22 , 1= =
q At

1At 0.5%x1073

_ _ _ 15
>N = T = Te7 X107 = 3.1 x 10> (protons)
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Resistance and Ohm'’s Law HpH & Ri il E1E

A segment of wire that has a current . The potential drop V;, —V, isrelated

to the electric field by: /4 v
V=V,—V, =EAL I

Resistance: the ratio of the v, }‘/
potential drop. a
%4
R = 7 A
SI unit: ohm (Q) /f'
10 =1V/A

Ohmic Materials: Resistance does not

L

depend onVorl

=Fixed resistance material (in a wide range

of conditions) Slope equals R.

Ohm’s Law:
V =IR

Resistance:

L
R=pz

(p:resistivity, L: length, A: cross
— sectional area)

ic,°C

Resistivity p: depends on temperature
=200 0 200 400 600 800

8

6

1

2

2,108 Q-m

00 200 400 600 800 1000 1200

T, K

Example: Calculate the resistance per unit length of a 14-gauge copper wire: p =
1.7 X 1078 (2/m), diameter d = 1.628 (mm) Area A = 2.081 (mm?).

R= £—17><10_8 =82x1073 (2
_pA_ * - * ()

2.081x107°
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Energy in Electric Circuits EBEEHHIREE

—Ep = 0Q(V, — V) = AQV

dE, d
_4E 4,y

Rate of Potential Energy Loss

(Power Ih¥):
>P=]IV
P=1IV=I°R=V?/R

Example: The rated current of an ear-piece is 10mA and the equivalent resistance
of it is 50 Q. Determine the working power and rated voltage of it.
P=1?R=10.012%x50=5x%x 1073 (W) = 5 (mW)
P=1V =V =P/l =(5x1073)/(10%x 1073) = 0.5 (V)

Battery i jth: .
An ideal battery is a source of — +

energy that maintains a

¢ C

constant potential difference
between its two terminals

(independent of current & R
through the battery).

I W_.
The work per unit charge it o > g d
3
!

provided is called e(electro-
motive force B zfj#)

A
P=A—f£=18

(ThE = ©HiR - Bah#H)

&
V,—-Vy=IR=¢=>1=—
a b R

E=Q¢ (88 = B8 H5%) 1=AQ/At

A real battery consists of an ideal battery and an internal resistance r.
V,=Vy,=IR=¢—1Ir

=] = Eﬁs=11’+1R

R+r

Example: A small bulb of 111 is connected across a battery of 36 V and internal

resistance 1Q. Find
a. the current
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£ 36
=R 11
b. the terminal voltage of the battery
V, =V, =IR=3x11=33(V)
c. the power supply by the chemical reactions
P =1 =3x%x36=108(W)
d. the power delivered to the bulb.
P=I?R=3%2x11=99 (W)
e. the power consumed by the internal resistance.
P=IFPr=32x1=9W)
f. If the battery is rated at 15 A - h, how much energy does the battery store?
1h=3600s
E = Qe = (IAt)e = 15 x 3600 X 6 = 3240 (J)
BETEXMFTEEEATARK?
E = Pt =108x%x3600= -

=3(4)

Example: For a battery that has an emf equal to &€ and internal resistance equal to r
what value of external resistance R should be placed across the terminals to obtain

the maximum power delivered to the P
resistor? |
€ I
I'= R+r i
5 e’R !
PR =Gy |
ap =0 =>R= i
dR ~ -7 !
I
: | |
1 2 3 R/
Resisters in Series (& EXH BH) _Ib
Req = Ry + Ry + Ry + - a b c
o mpmmreninnms — YW VWW—
o REBEREEEENSD Ry 5
£z
Resisters in Parallel(FfE£E BH) R
1/Req = 1/Ry + 1/Ry + 1/Ry + -~ REFGN
o FBEBEFHEE VS I AWy I
o ERBBREAZENSBR HK %’
" N-AW
I, R,
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Kirchhoff's Rules E£/RELXEHE

1 Thenoderule: I;;, =1,y

2 Theloop rule: closed loop = Potential Difference be 0

RELIR:

1. 3# % node

2. #%Z loop

3PS

1 IEfS: 8hERRAERE.

2 EfS: BERAEAERE AERATREETSESERAERE.

Example For the circuit in the right figure, 1'?|Y J\i\‘}\l

HH
which of the following is true? T;Amp
(A) VB - VA = _ZV
(C) Vg —Vy=—-3V i Nl
(D) Vy —V, = —5V | —

= mp

(E) Vg —V, = +5V gm
Barron 14-5 Z%(B) P
Example In the right, if the potential at ' AMP A ﬁ‘(‘ B
point A is chosen to be zero, what is the ﬁ o
potential at point B?
(A) +1V 2 Se0
(B)-1v

il MA——I 2 Amps
(C)+2v A e
(D) -2V
(E) +3V

Barron 14-10 &2 (A)
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Capacitance and RC Circuit 88 % RC B &
® (Capacitance: c=Q/V
Isolated spherical conductor C = 4meyR
Parallel-plate capacitor C =¢g)A/d
2
® Energy in Capacitors: dU =VdQ = QdQ/C = U = f%dQ = g—c
2
U=-Qv=-L=2cy?
2 2 C 2
® Dielectrics: C=kCy, &=keg
g =8.85%x 1072 F/m
® Equivalent Capacitance:
Parallel capacitors Coq=C1+C+C5+
Series capacitors 1/Ceq=1/C; +1/C2 +1/C5 + -
XfEE
e ) =t _10% _ 1.2
BA: U—ZQV—ZC =-CV
VZ
EE.PA : P=1V=?:[2R
Example When the circuit shown in the a
right figure has reached a steady state,
what is the charge on capacitor 1 (which i A
has a capacitance C1, as shown)? v
(A) CEV/(C1+Cy) —l
(B) G1GV/(C1+Cy)
(C) C3V/(Cy+Cp) cs Cs
(D) GV
(E) 5CiV 8

Barron 15-9 ZZ(E)
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Discharging a capacitor through a resistor

Ve = Vg
__
I(t)_—ﬁ +Q,

LN c =x
TR TRC —Q

d
VC=VR=>9=1R=——QR

C dt

¢
Q(t) = Qoe RC
dQ Qy _t t

I(t) = ——=— RC = [,e RC
== =rec® 0

Charging a capacitor ‘\S‘
E=Vg+V.=IR+Q/C *
dQ
I(t) =+—
® =+
) -

7R RC
Q d@ Q
E=IR+==—R+~=
+C dt +C

r\\
II
I
=

t

Q(t) = Qfina (1 - e_ﬁ> Qfinar = CE

t
I(t) = Iye RC

Time constant
T = RC (second)

ETREBEFRAENTE, FXRETFNMRE. DB mEE AR E
FEAEER

Barron 16-9 Z{BEW Question 24
2R
NV R;=9.0Q S
. ¢ R £=24VT  Rp=300% ——C=12yF
[
[
Vv
Charging: t=RC Charging: t = (92)(12uF) = 108 (us)

Discharging: 7 = 3RC Discharging: 7 = (302)(12uF) = 36 (us)

Charging: I, = % Charging: [, = % = % = g (A)

Discharging: I, = % Discharging: I, = % = g =2 (4)
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Barron 16-9: For the circuit in the right figure, which of 2

uy)

the graphs in Figure 16.7 shows the current through
the battery as a function of time?

R
@ ) /— \ c
[
\
®) ®
© \
EES )
EB{EN Question 24 R{=9.0Q _S
. AA——
A power supply is set to &
=24V and is connected to
resistors R1=9.0Q and E=24V = Ry, =3.0Q § —_—C=12yF
R»=3.041, capacitor

C=12pF, and switch S, as
shown in the figure. Initially, the capacitor is uncharged, and switch S is open.

(a) At time t=0, the switch is then closed.
i. Calculate the current through R; immediately after the switch is closed.

After the switch is closed, the capacitor branch is short.
The current through Ry is 11 : I1= € R1 =24/9=8/3 (A)

ii. Determine the current through R, immediately after the switch is closed.

As the capacitor branch is short, the voltage across C and R; is equal 0.
The current through Rz is 12 :1,=0/3.0=0 (A)

Along time after the switch is closed, the circuit reaches steady-state conditions.
(b) Calculate the potential difference across Rz .

Along time after the switch is closed, the circuit reaches steady-state conditions
so that the current through C is 0 and the voltage across C equals to the potential
difference across Re.

R12=R1+R2=12 (.Q)

The voltage across Rzis V2: Vz/ €= R2/Riz V=6 (V)

(c) Calculate the magnitude of the charge Q on the positive plate of the capacitor.

Q=V*C=6*12=72 (uC)
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(d) On the axes shown, sketch a graph of the potential difference V¢ across the

capacitor as a function of time t . Explicitly label any intercepts, asymptotes,
maxima, or minima with values or expressions, as appropriate.

The voltage at time t=0 is V(0)=0 (V)
The voltage at time t=00 is V(00)=6 (V)

After steady-state conditions are reached, the switch is now opened, and time is

reset to t=0.

(e) Using integral calculus, derive an expression for the charge q(t) on the
capacitor as a function of time t after the switch is opened. Express your answer

in terms of Q.

After the switch is opened, the capacitor will discharge through resister Ry.

—t
q(t) = Querc where Q, = 72 uC, C=12 uF, R= R»=3.0 Q.

The capacitor is discharged, and a R =9.0Q _S
third resistor is added to the A
circuit, as shown above. The eooay L R,=300 § L oo
switch is then closed.
MWy
(f) Does the time it takes for the Ry

charge on the capacitor to reach 2/3 of its maximum value increase, decrease, or
stay the same as compared to the circuit in part (a)?

Increase Decrease Stay the same

Justify your answer.

As total resistance is increased after the new resistor is inserted, according to the

charging equation:
-t
Q(t) = Qoekc
Where R is increased. So that the time it takes for the charge on the capacitor to

reach 2/3 of its maximum value would increase.
B Increase
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