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Current, Power, and Resistance

Electric Current (l) is the rate of the flow of charge (Q) through a
cross section (A) in a unit of time (t)

r &
*Zoom in of cross section

1= 8

* One Ampere (A) is charge flowing at the rate of one Coulomb per
second (C/s)
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+ Electrons “drift” in wire - Slow Drift velocity (Ex. 0.000002 m/s)
« Thermal velocity - (Fast but “random”) (Ex. 1.57 million m/s)
- Collision velocities
+ The electrons bounce around by colliding with different molecules
+ E-Field goes back, and since electron, E-Force is to the right
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Ex. Electric current in a wire is 6A. How many electrons flow past a given
point in a time of 3 seconds.

=64 6=/ lgl.emb'”: 126 x [0"% ¢
I=Y4 ¢=1% ¢

Conventional Current:

+ Imagine a capacitor (two conducting plates with opposite charge) that
is allowed to discharge

+ Electron Flow - The direction of electron flow from - to +

« Conventional Current - the motion of +q from - to +

e flow

— 7O

Lonveprjonal Flaw

+ Electric fields and potential are defined in terms of +q, so we will
assume conventional current (even if electron flow is actual flow)
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Electromotive Force:

« A source of Electromotive force (emf) is a device that used chemical,
mechanical or other energy to provide the potential difference
necessary for electric current.

- Ex. Power lines, battery, wind generator

Electrical Circuit Symbols:
+ Electrical Circuits: often contain one or more resistors grouped
together and attach to and energy source, such as a battery

L SLI i

(roun { BQT*Q"Y Resistor

open ~ o —o (G_L

by bul)

Electric Resistance:

Suppose we apply a constant potential different of 4V to the ends of
geometrically similar rods of, say: steel, copper, and glass

« Materials have an electric resistance (R) property

Ohm'’s Law:

+ Current | through a given conductor is directly proportional to the
potential difference V between its end points

I ~Av

AV .
1= ov=TR; R:="%


https://goodnotes.com/

Ex2. When a 3V battery is connected to a light, a current of 6mA is
observed. What is the resistance of the light filament

R:DV/I: 3/005'; oo O
QT4

Factors Affecting Resistance:
+ The length L of the material. Longer materials have greater resistance

[ L
| el

« Cross-sectional area A of the material. Larger areas offer LESS
resistance

« The temperature T of the material. The higher temperatures usually
result in higher resistance
Kind of material. Iron has more electrical resistance than a
geometrically similar copper conductor

Resistivity of a Material:
« The resistivity (p) is a property of a material the determines its electrical
resistance R.

K"/’?L\‘ or ﬂ—‘ﬁLﬁ

Ex. What length L of copper wire is required to produce a 4mOMEGA
resistor? Assume the diameter of the wire is Tmm and that the resistivity
p of copper is 1.72e-8 OMEGA x m.

_np’? .00 )™ )
/\ K :d(f(—) = 29510 " m/s?

_RA _ (Looy) (7.5 -
kosand = . 1Zxip® - 183,
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Temperature Coefficient:
For most materials, the resistance R changes in proportion to the initial
resistance R_0 and to the change in temperature (DELTA)t.

A= 0 RoAt  OF L) =P +L x AT

- Ex.
- The resistance of a copper wire is 4AmOMEGA at 20 degrees

Celsius. What will be its resistance if heated to 80 degrees Celsius. a=
.004/ C degrees

K‘bf Ym Dt=8§0°L-20c =6oC®
AR ~aRedt) OF - (. o8¢ /1" (VMQ> (6oc")

AR = 1.O03m K=K, + 2R
K: L(M_fl t /‘OBM-Q

Electric Power:
+ Electric power P is the rate at which electric energy is expended, or
work per unit of time
- Work = qg(potential difference)

prp - L I-%

t
AV=IR
F:“’R

=%
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A power is rated at a 9A when used with a circuit that provides 120-V.
What power is used in operating this tool?

P=pvr= (120)9 = (450w

A 500W heater draws a current of 10A. What is resistance?

= od
R=Vt2= %50

How much energy does a 60W bulb consume in a week if it stays lighted
for 12 hrs a day.

Pz §ow += 302ys0,
P:E/t— = F:Pxt= [§)tc000T

We can express the power of the light bulb in KiloWatts instead of Watts
« W —>KkW
+ Divide the power in watts by 1000

6o
(= Voos ~ D6 kw
tlex?‘-S"{},rj
E=7xt =5.09 kwh

I_—IQ/t I=“% R=*7
A7 pv= IR [phe=""
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More Circuits (Resistors and Current):

Current (1):
- Defined as the rate of flow of charge past a cross section of a wire
A Br=Vs )t
Q‘F:I‘l: 2 V= Adx = Avpe
L ‘\ >\ Valyme
Q=1env
l_ T'A—f N = Electron per unit volume
Q4 ]-_ o LP\ A = Cross section Area
: = .28 _d&
AI:-TOI ) A,:TAAL— i _’t— —[dﬂ\/ Q_-T_EIIA \/JA'{'.
1= T=%esmoin

+  The battery:
- Provides/Gives potential energy to the charges as they move through

The Resistor:

L — — I«A ,
r-a & RST, Rk

P = [esistivity :_/\NL R/’X
R

K (-(;) £ = (esistivity

o €%

IA\’,

Ohms Csnductivity >0~ = '/,a

+ Electrons dont just smoothly pass through a wire
« The electrons collide with the electrons in the copper atom (held on

the outside), and have tons of collisions with them, ‘zig-zagging’

their way through the wire
- The Drift Velocity (mm/s) is the the average vector the electrons

follow
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Series Circuits:

Consider 3 resistors R1, R2, R3. We connect them in a series with a
power supply (DELTA_V_b)

‘/WL‘FKQ Rer

| | AV},l
a1

+  Series = combination of resistors in a single loop circuit with the
same current flowing through each element

II:I')_:I’; ‘"I

In this current loop, the potential rise across the battery = sum of
potential drop across the resistors

AVy =y, A AT

6)\""35: AVI:IIRI) ﬂw=ti Rq, DV :I-,Ra

lRe?: l\Ru t IQR; +I3}ez — I(K;JrJ/Kz "'ZK,
Reg= Rit Ry +R,
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Four resistors 15, 5, 10 and 20 are connected in a Series with a 100V.
Find the equivalent resistance, total current in the circuit and the
current through and potential difference across each resistor in the

combination.
2152 Rez5Q Ry:1092 Ry=2%a
ﬁ ’ ! Ke‘l:kl'iszEL"kt,
keqt 500
| | AVb < Ifal-ke‘l
vl |00 =50 (Lugy)
=loov Tios= 2A

Ifo{"Il -1, o Tt( = 2A

Av|: I- K'|': 30V
AV; "—IZ K2 = IOV
A\lj: 2DV

AVy = oV
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Parallel Circuits

- Circuit elements are connected such that they have the same
potential different across them.

[tot \
L I, I OV =4V, AVs = AV

\
— Ttet =Ti¢la+ 1,
Kl % R) fa :

My

~ OV
Ih)" - ’/Kei

WKEQ = AW/KI +Aw/fz + Aﬁ/ﬁ;
l/RfQ 5 I/Pu f... I/Ks

Ex. 4 resistors, 3,6,9,12 are connected in parallel across 36V battery. Find
Eq Resistance and total current drawn. What is potential diff across and
through each resistor?

(::SQ

o ( 1 | =1

R2=€Q Ret = (o v 1) = Lt q AV~TR, > T,212

MWn—

K3:70Q T.=44

le DVb 1I-+5+Rpg IJ:‘?A
_‘/(vl:/;\,_zi. ]:-{—61‘ - 25/\ _I,,(: 3A

[ AV,= ... OV, 36V
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Complex Series and Circuits

Find equivalent resistance and total current, and current through and
potential difference across each resistor in the circuit below.

R;‘—'fﬂ

>°Q"f’('/w'/lr)"-‘2£2

Reg= (n+7y'= .33 q

k=20 2a
Resz212=%q
VYTV
:_— RL‘lf—Q
k=29 ]
Rs=20 k=133
| L Nl/\(w
AVy= 15V
k=10
Rey= (it W' = 2.0
Y/
RL:?-Q
- Ek-29 ]
R5=29 ?E—I.Hﬂ
| l J\/\/\[\/\,L

QOVy= ISV
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/|
- Rez= 733 N
AV, D= |5V
:‘T-IV en"zﬂ %K:"g}ﬂ '
p: V=2]}\( AVL'-'I;—MK?E
| | : IS:IM{-(?-B})
r Rgf?ﬂ 1+a+:(l.?)5/\
AVp=15v OVs: TsRs
=92.05(2) = kloy
I=%"%

*Lo back L £ind valg

Av, =4y 1.22.0%A
AVy = L |y T.=]025A
AV =295  T,:-1[02A
AV =208V Tes,G)sA
AVg = 2.05V Ts=.6125A
AVG:2.73V T¢-= ].3{5/\
AV7=9.73v T:- .6925A
AVs = 4. [y I¢z 2.05A
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Ex problem

A 30cm long copper wire is connected to a 250V power supply. An
ammeter measures a current of 20mA passing through the wire. The
resistivity of copper is 1,68 x 10/-8.

a) Resistance of wire

B) what is diameter of wire

c) how much charge flows through wire in hour

D) how many electrons pass

E) how much energy dissipated in kwh

AV =250V o V=10 b) #=rh

I1:=20mA £ =2%/3px16° 12 Sw:"c{"°-F(‘2)/1

= leBx16 %o m A=267x16"

A= pm A=ac* >r=2.93 00

L)IZQ/;‘ J\ 72/1.(<10"’:L(.§x lOwC‘ g)f—‘AVIr‘Zso ﬂwlo_’:jw
205 = E/00e C-E/t st
o7 S
E= 4320007
kwh Pz G = 0oskw
t=24h
F=Pt=.008x22+,(0kih
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Capacitors and Circuits

Capacitance (C):

Amount of charge it can hold

A
J
[ = QAV
€Es A
c=")
=_ 0 -8
E T Ee -Eo(-\
0\/43%_6{,
E.:8.85x0" Clip

Alt Formulas:

Ue= QY
U(: I/Q CA\/Z

[z Q/M

*Always keeps the same proportion
Measured in Farads (F)

__\\—O_—J_
F =

o~ - Charge/unit area on a plate of capacitor

o’ = Q\/A
£.:8.85%0" C

>
N

Qve

—_—

R

|

E:A
o

bd
pe
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J

Asymptotic behavior:
* when the capacitor is initially uncharged, and

just begins to charge (immediately after the

F

+ |av switch is closed), the capacitor acts like a bare
= \L Capacitor wire (no resistance)(charge flows freely)
F —— * After the switch has been closed for a long time,
- the capacitor is fully charged and acts like an
open switch (no current flows in the circuit).
Dielectric:

« An object you put in between the capacitor (ex. Insulator)

+ The capacitor polarizes particles in the object causing an
opposite E-field

* In other words a dielectric will weaken field of capacitor

+ Has a dielectric strength (max E-field before it breaks down)

é >Pormitivity of drelectric
. &
P;‘elé’év‘(‘u const, k':—é—o

L=EL || (=ké %

AV;, = DOVh + DV,
o || & Series /.
aw ~ ’
' 7w -
Ay,
Q -4 2
les= 5 8% 7, =l g
Q _& .2 . _ L L
-
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=P

=

Al sllr sl Ay
i Capacitance Capacitance

1.00x10" F 1.00x10"% F

Parallel

Quick Overview:

) QR Q
—]e e«
Series

A |

L I T
Cd’_(L( T, +Cz>
OV =4V, tAVat AV

(=%,

- (e
> 1=
T @l—o{——‘al*‘&z
Rist = C&‘LAVL
Qroy = Ci8V (3 A
Ces V= AV (leéz)
Cﬁ,: C\+Cs
Log = ZIC.'
&
Q,
Cq
Q,
Parallel
=
Q|
-
Oy
Cet= Civla +Cs
A\/IZAVI. :‘AV3

(= Q/Av
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Ex.

¢ | |2eF (2| \40F a) Find equivalent capacitance
| | | | of the combination

Ly b) Find individual potential

- difference and charge for each

1 | T f capacitor

Q) [23 = C2+C3: IO//'F_' é) ato+: C<%A\/ = ?07//é
Ce‘(:(i'_+z|:’+%4_) :}'52’4/{‘ Q= Bi3= By = 20.70¢

29.7
NS¢ = =5 = Io.35vy
o=, 25 2

2.57v

"

AVis = &17@3 :?’f’oi = 297V
ODVi = AV = OVey = 2.07V

Qo =DOVal, = 9.07(%) = §.280C
Ry =ovsds = 2.87€) 2 (2.42 ¢
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C 3
|‘i s
| I F
Gt ¢ Wt
| |
!
| Av=[2sy
Cys
= | .
| ==
Ut
Ciy
|
| Av=12sy
Csys Z(ZI?q *le")_( = fsut
Ciz = (1‘71—’5‘")— = |.334F

|

5
/&7//#

1l

=
O 2wt & W

| Av=12sy

£3L(_— [3+CH:€f—>~_7—/lF

AV =119y

a\z = (upVie = (586
Bans = C3veDus = D104 C  NVo= pV = (OV

Quz iz Q= 59.6s¢
QH—Q; = 5170,,&
AOVi=7 = 1.8V
AV, = -—5 = 3.9V

Vs = 8 2L = gov

Cet = Cays+C1a = S. 83,1
Qust = Cer (OVD Z699.6 4
A\/IZ:A‘/Jl(g = [28v

& _
AV3‘1:C30 =60V

Qa VA 3(0,4/L

Qu=LuxAVu= |800C
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Kirchhoff’s Rule:

Frequently, complex circuits cannot be reduced simply by using our
understanding because of various reasons (ex. Not parallel or series)
+ Kirchhoff’s Rule is a tool to simplify circuits

Junction Rule:
+ The sum of all currents entering a junction must equal sum of all
currents leaving the junction

Currents
In

2L = TTeut

Currents
Out

I-*I:‘Ij*(-L’*"IE):O

+ Application of law of conservation of charge
« Current is flow of charge

Loop Rule:
The sum of the changes in potential at different points around
any closed circuit path or loop must be zero

+ Application of conservation of energy

* In aclosed loop, PE supplied by EMF must be transformed into
other types of energy

+ Sign Conventions:

(a) Sign conventions for emfs (b) Sign conventions for resistors

£&: Travel direction &: Travel direction +IR: Travel opposite IR: Travel in ZA V B 6

from —to +: from + to —: to current direction: current direction:

] €& ] e
—r— = ed vidabote
£ £ R

R


https://goodnotes.com/

“Av
fl
|
| I
% _
N\ IE
< + TR

'€E0x)

O- @ & O
aVe -+ DU - -
e p O 6@
ple= - Allg > —
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Batteries, Voltmeters and Ammeters

Internal resistance = Resistance of better
+  When electrons go through the battery they lose and gain energy

A M MNAa
Re
Dvz=-TR: %.“’CM(‘—? Electromotive Force
/] E ¢ i Rey = R, -)-Y'E
; e L= %= Zoor
I | l — |
\ Oy=-Lr !
Loop Rule:

\ / $-Tk.~Ir =0

&-Ir=TF, — Terminal Voltage
Battery Vi = -1,

«  Ammeter connects in series because current needs to be same
* Voltmeter connects in parallel because voltage needs to be same

*\oltmeter must have a huge resistance to
@ negate the fact that current splits (therefor
changing the voltage)
T + We want to limit the current that goes into
the V-meter
+ +

*Similarly, ammeter must have a super

low resistance to negate the current drop
—‘V\’E~"—@~ (due to resistance)
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AVs=0w

IsRs =T, Ke

(IMX"I,)Ks = IG fs
K, TI"&/(LN—I@

©®

%
@ V4
T

Fs = R-Shunt

G = Galvanameter (can only measure very small amounts of current)
Resistor put in place to not overload the galvanameter

le DAVrax = pVg + DV
@ - @ ol = Teket TeKe

- I(‘, (K Ay Es)
- Rsis bigger Ry =0%nn~TekRog
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Capacitors and Resistors

R,
g Lbor Rule\)
62 Vb_VL'IK O
_ N v Y 4 .
had G, Ve az_‘/_f Jtik °
v TR T RcC

t \
JG - (_EVT‘ _'KQ._L> It
J8 )
‘ E
f)

U= -
S( >Sa* -y

-k, L)q —JQ

v[\—/’ 0\
An ﬂt ;—'Q'i \) E ﬁ—t (Exponentiate to e to get rid of In)
- LFI
5 RICJM ~_)_R‘C jz’l{i Zt+'\. R—V,l“i@:l __eltL
M VI./‘l
—RiC oy = £+ S0 6
Vi 8  _ -_£ _ fL o) v
Ao (% - ek )= ReTRe R~ 75? ) %-k e P
= |/ — Ve e
At t=0 2( Nf{ A 3 g
S t)=(V(l-e7®c)
1. (%) gz 2R g, () ) R
Q-max=CVb Time constant (bigger the time

constant, the flatter the curve)

- >
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t - T Time constant tells us how quick capacitor would charge

Charge: Voltage:
Q)= Bray (l—g%) V() =av, ([-¢ /k,,>
= D\M"x(\—eﬂ) V(('):VL([—C_t/K-‘)

Bt) - 6328me, E—> V() =632V,

Current:

T(0) = " { Buna(l )5

l_(f): hlz)‘ e’ K\ L

Vb -t T®
R | [
L(e) =¥ ke — &
> AN

| ot
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Flipped switch:

R, £,~¢
——————————— N\ ~——)
q Vc s ‘VR
e'z 'fl = —KjJ%
RV 8 8
| 8 -8
Jb Ve _’;’; .
o e
At t=0, Q=Qmax
J& _ (-4t .

An (0= '—Ktj_ » L Ra (Qras)="L

N

Xnﬂ'—‘ _Et“ r Kn@ﬁax
= &

An8 - RnBmax = <.
fn (%MQ = o e
Q)= Bmax € e
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Summary:

[
A
-t
Q(t) - &Mg\x(l_e /fc) - (‘1&\’3}/\9
Vee)= VL({_e’t/m)
O\(“__ Qmaux e_t/kc — Dl'sllmum9
KL =Time Constant = T

At t=0, when circuit is just turned on, Q on capacitor is 0C

t=D, Ve=V, 2 1.=0
E200, e =Wy £ Vo-0

Charging:

&(\C) = Qros (l —e")
- '6 \3 2 QW\O\}

Discharge:
O\(t)'- Qrmox e *¢
R(T)= % = . 36 Qe
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Energy of Capacitor: E = 1/2QV or E=1/2CVA2


https://goodnotes.com/

