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CURRENT, RESISTANCE AND
ELECTROMOTIVE FORCE

Chapter 25: Current, Resistance and Electromotive force
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_ +

Iave

dq
Iins = E

Q= [1dt
Where:

I.ve: average electric current
Iins: instantance current ( el lall),
Unit of [I]: Ampere (A)
1A ) coulomb
mpere = 1 ———
p second
Ex: if ¢ = 3t? + t + 3, find the current (I) at t = 2s
Solution:

dq

Iins = E
Iinsli=2s =6*(2) +1 = I5le2s = 13 A

= Iips =6t +1
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Ex:if I = 4t — 2, find (g) fromt = 0tot =3 s
Solution:
Q=[Ldt= q=[}(4t—2)dt > q =2t -2t}

q=(2+3)?%2-2x(3))—(0)
qg=12¢C

Drift velocity (4les! Ze ) (v, ):

Lo 50all AL el ol ol ey (Bl Ladic: Joa gall Ja1a 3 jall g 81V Ao g Jaus e
(Av = A« Al)4ess OS54 ((A) Ainlins (Al) A sh Jon s phaie 3 ilip JKIVIAS o el Gl

Gl g N sae ) Sl ) jall Ax ja Gl sie aal gl alell CllS g g (0)) asaadl San g (85 el g GBIV ssal e g
_{n:AExAxn')q_JlilL_aj _(n:Apxn’)&;\;E(n)J;A}nliGn?;Ali (KPS _)Hi?g'all‘;'ﬁ]iﬁ);_li
Al

vg =5 (ResYlie )

Aq = ne (Al 20085 Tnga)
Aq=AlxA=n"xe ..divide over At

Aq n'(Al Ae
At At

I =n'v, Ae

Where:

n’:electron density

V4 :drift velocity
A:area of cross section
e:electron charge

Current density ( /):
The current per unit cross-sectional area is called the current density J:

Unit of [J]: A/ m?

Ex: in the figure shown, diameter of wire is 3 mun and current (I) = 1.5 4, find:

1) current density ().
2)drift velocity (v4) if electron density (n) = 12*10%7 e/m? ‘
A
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Solution:

1)]2%:‘AZHR2,R=§

3 2
A= (E " 10*3) = A =7.068 106 m?2
1.5

:mi’ ] =21.22+ 104 A/mz

]

, Ji 21.22+10%
= = = = -
2) ] =nwvge= vy we  Vd T 12.1027 s16v10-10

vg =1.12+10"*m/s

Ohm’s law and resistance (a3l 5 a 5l s 538):

‘-_,7_19 Gallay g (S g Bems Lo (s gall &l 53 &= Uiandl L@...'cu__icn'é.)o Gilasbial 4al ¢ Lild Joa gall Jals il g j8IYIAS s L
.(Electric resistance) aL Sl o glaall 8 Ao 368 A )5 pe dic Jeasall 88 jall iy y8IYI S ja ddle)

* Resistor ( ~WW— )

* relationship between I & V s linear (Aha JLill s seall o 28300 o) aa 5 &3 0l 204 (),

R =%:>V =R ohm'slaw

Where:

R: Resistance of a conductor
I: the current
V: the potential difference

ikt & g A i ) (L) sall It o LS8 8Ll 53 il ilalinn g Jshall i Lwtans e il i) Cilias
(A) adiadl dalis 3y ) dic Jaa sall 4 glia 55 Lty ¢(Electric resistance) 4k jSl) 4 glad) 5 38 dle Y saly ) Al
J.\.d}a.“ LH“HL;\M {p)s.}ul tﬂdmb@u%ﬂ\amjmlﬂﬁj

p: resistivity.

E: electric field.

- fued
J: current density.
2

AR La g gl g gliad La J3S) 1 gl)
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Where:

p: Resistivity of a material (ULl )5 e dadlas o o sall 3 )8 4. o)
L: Length of conductor
A: Cross-sectional area of conductor

= 0 ,0: conductivity(la sall),

nit of [R]: ohm (£2)

Unit of [p]:(12. m)

An 18-gauge copper wire (the size usually used for lamp cords), with a diameter of 1.02 mm, carries a
constant current of 1.67 A to a 200-W lamp. The free-electron density in the wire is 8.5 * 1028 per
cubic meter and the p = 1.72 * 10~8 (2. m). Find:

(a) the current density and

(b) the drift speed.

(c) the electric-field magnitude in the wire.

(d) the potential difference between two points in the wire 50.0 m apart.

(e) the resistance of a 50.0 m length of this wire

Solution: diameter (_kall) = 1.02 = 1073 n' =85 x 1028 I1=167A

a)

1+ (1.02 * 1073)?
Y )

=817 * 107'm?
1 m

I 1.67

= AT 817107

A
=2.04+ 10—
m

b)
J=n"v,e

B 2.04« 10° _15.10-4™M
8.5 = 1028« 1.06 = 10719 ) s

L
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E=p+]=172+10 8 %204« 10° = 0.035v/m
d)
v=E+L=0035%50=175V

e)

RipL71.72*10_8*5071050
A 817107 7

Or

R_V_1.75 _ L ozh
1 167

Resistance & Resistivity (4 stall 5 4a sliall):

_oL
R A

x p affected by temperature (5_) sall 4 jx jilx).
x p affected by material type (3= ¢ s ).
* R affected by material type (Jshll s daluall auall dady i),

T: average time between collision in wire.

. m . .
P = (for find p if you have )

Where:
T: average time between collision in wire (@) & Glalall (g ) Jass),

m: mass of electron
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Resistance & Temperature (5 all 3 4a gliall);

alaie | 4415803 ) pa da )2 aie D glial) il g 3oLl 0318 5 pal) da gy ety e 85 ) ally S (p) A gl o Ly
{pg) Lad 5 ) pa Ax o v Tpaglad) e

p(T) = po(1 +a(T = Tp)) =5+ (p = po(1 +a(T - Ty)))

R(T) =Ro(1 + a(T —Ty))

Where:

Po: Resistivity at reference temperature T,

Ty: The reference temperature Ty is often taken as 0°C or 20°C.

T: the temperature T may be higher or lower than Tj,.
a: Temperature coefficient of resistivity

Ex: wireits R =120 atT = 40 c°, Risbecame 24 2 findTifa = 1 1073 ¢c°7 1,
Solution:

R(T) =Ro(1+ a(T —T;)) = 24 =12(1+ 1= 1073(T — 40))

1
2=1+1%103(T — 40) > ——— = T — 40
( )2 T7103

T—40= 1000 = T =960 c°
Electromotive Force (4sk <) 423141 5 sill):emf (&)

) cahadl) e dpn pal) Gl S Bas g caal g ) 4dag Hgali Jeill Yy :(E]ectromotive Force) Ay 5eSI daslall 5 58l
Ledada Can gl ot

+_
_l |— ideal battery

Where:

U: the work done by the battery.
&: Electromotive Force (emf).
Unit of [g]: volt

oy el Jals ellgiug 481 o3a (e ) pea e I..Ji Yl ;(R) doa )l Gl daddl uﬁ Ao ) e (?_"\li 4alkll r:.Lu.n Slgind
g ol Alsall A glaally A glaad) s2a Gn.uﬂca.,ULL.._\li e W g e die Gla Al AS ja juei Al glia 2ga gl
(r;: internal resistor)

W Vi =& — Iy (Aol ca sl Qlaall ez A LA oS &8 Al

Vbatte?’y <&
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Vbattery =&

(& A )
e=IR+1In;
€
R +1

-

Yl e ‘-é (Vbattery = S) LUS"

(ideal battery) & ladl wsiiy (1; = 0) Jia (5 st Adalall 4 i) i< 1y (1
(I = 0) aa ggsbn Ll Jullyg da giin s jlall oS8 ol (2

Electric power (4l ¢S 5 4a0): (P)

At) Gl Ban g 8 agall 8 (5 8 Laghyy (piilat (g diad il (P) Jsdiall Ja2ll » (electric power) 4k S 3 il

U
t

Unit of [P]: Watt
Where:
U:the energy (Joul)

t:the time

The Power for Battery (generated (%2 _jladl)).

0o i At Alag o3 Jadll e 3 Jasd) i 5 ) e il ol pard Sl Jag gl Ak s )y 8 4y jad) o Ley
Al e Aail) 5 5080

P=VI
Where:

P: electric power for Battery
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Power input to a Pure resistance (<l slsall),
P=VI
Form ohm’s law V = IR
P = V—Z,P =I’R

R
Only for resistors (ki il glaall)

e i) S 1l 2 e Ul a3 U1yl o G Jin 548 e
A0l 3 sl = dati) 5 )

ex]—I?r; =I°R

Ex: wire its length L=8m and radius= \%cm and p = 25-1077 2.m connected to battery V = 15 V,
find:

1) resistance.
2) power of R.
3) energy if it connected to battery for 5s.

Solution:

_ pL — . p2 _ 4\? _ -4 2
1]R_I,A_;IR :A—n.(ﬁ) > A=16*10"m

* 75
— 20 8 R 125+107% = R= 125m0

R 16+10™%

152

T 125103 P = 18000 watt

VZ
Z]P—?:) P
P = 18 kwatt
3]P=%:‘» U=P.t > U=18000«5= U =90000]

U=90kJ

o, ot g dhe g g 0 Auapal) 528U 35 AL
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As shows a source (a battery) with emf & = 12 V and internal resistance r = 2} and connected with
resistance R = 44} find:

a) What are the voltmeter and ammeter readings V,;,, and I now.
b) if replace the 4Q resistor with a zero-resistance conductor. What are the meter readings now?

¢) find the rates of energy conversion (chemical to electrical) and energy dissipation in the battery,
the rate of energy dissipation in the 4 Q resistor, and the battery’s net power output.

solution:

Vo = Vo

a)

= £ 12 .
R+r 442

2A

Vip=e6—I+1;,=12—2+2 =8V

C) the rate of energy conversion in the battery is

P=ex1=12%2=24W

The rate of energy dissipation in the battery is

p=IFPr;=2?2+x2=8w

the rate of energy dissipation in the 4 () resistor

p=IFPR=2?x4=16w

The net electrical power output of the battery is

Asleiuall 5l = damiall 5 el
P=cex]—-DPr;=16w
Or

p=1I°R = 16w
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i) 2l aa
Current
I = 2y
ave A t
dq
Iins = E

Q= [1.dt

Current density ( J)

Resistance & Resistivity
R— v
I

V AV+A RxA
J«L IxL L

Resistance & Temperature (3_) ) g 4agliall):

p(T) = po(1 + a(T —Tp))

R(T) = Ro(1 + a(T —Tp))

A0l 3 0l = Al 5 )

Ye=12«YR+1%2xYr;




{Done by: Omar Mohammad}

Problems

Book & more
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1- An electrical device a current of 3.9 A for 3.4 seconds. How many electrons flow through this device?
a. 9.7*10% b. 1.1¥10%° c. 1.24*1020 d.6.71*101? e. 8.29*10%°

I =% - Q =13.26
Q =ne
n =8.29*10%°

2-An electric device, which heats water by immersing a resistance wire in the water, generates 50 cal of
heat per second when an electric potential difference of 12 V is placed across its leads. What is the
resistance of the heater wire? (Note: 1 cal =4.186J)

a. 0.940 b. 0.81.02 c.0.580 d. 0.69 e.l50

3- An electrical device a current of 3.9 A for 3.4 seconds. How many electrons flow through this device?
a. 3.37%10%° b. 4.48%1020 c. 2.73¥1020 d. 5.06%10%0 e. 3.95%¥10%0

4- A silver wire 2.6 mm in diameter transfers a charge of 420 C in 80 min. Silver contains 5.8 » 1028 free
electrons per cubic meter. What is the current in the wire?

Answer: ..........

5A 56 kQ resistor is connected across 145 V. the current in the resistor (in mA) equals:
a. 3.03 b. 1.63 c. 2.59 d.3.7 e. 2.15

I—V—259
=R=2

6- What maximum power can be generated from an 18-V emf using any combination of a 6.0- 2 resistor
and a 9.0- 2 resistor?

a. 54 W b. 71 W c.90W
sl gl T i LY (g3 e i Lasie i 5
Rpq = 3.5

= v =90Ww
R,

7- How much energy is dissipated as heat during a two-minute time interval by a 1.5-k 2 resistor which
has a constant 20-V potential difference across its leads?

a.58 ] b.46] c.327]
8-Copper has 8.5 = 1028 free electrons per cubic meter. A 71.0-cm length of 12-gauge copper wire that is
2.05 mm in diameter caries 4.85 A of current. How much time does it take for an electron to travel the

length of the wire?

Answer: ..........
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9-If 5.0 * 10%* electrons pass through a 20- 2 resistor in 10 min, what is the potential difference across
the resistor?

a.21v
@ =ne = 800

t 600
V=Rx+I=27

Q 800 4
3

10-Current passes through a solution of sodium chloride. In 1.00 s, 2.68 » 101® Na+ ions arrive at the
negative electrode and 3.92 * 101¢ Cl- ions arrive at the positive electrode. What is the current passing
between the electrodes?

Answer: ..........

11-A 30 V voltage is applied across the two ends of a wire of length 2m whose electrical resistivity
p =2 %1078 Q.m. the current density in the wire (in A/m?) is:
a. 7.5%10° b. 5*108 .7.5%10°8 d. 2.5%108 e.2.5%10°8

LAV 30

e e _75.108
7.1 10

o

12-the resistivity of gold is 2.44*10~% Om at room temperature. A gold wire that is 0.6 mm in diameter
and 14 cm long carries a current of 1167 mA. What is the electric field in the wire (in units of v/m)?
a. 0.08359 b. 0.1440 c. 0.06345 d. 0.1007 e.0.1239

13- What is the resistance of a wire made of a material with a resistivity of (3.2 *10~8 2.m) if it has
dimensions length = 2.5 m, and diameter = 0.50 mm?

a.0.16 12 b. 0.10 2 c.1.280

14-electric charges flow through a wire shaped as shown in the figure below. The cross-sectional areas
are A; = 7.8 mm? and A, = 1.56 mm? respectively. What is the drift velocity (in mm/s) of electrons in
the narrow section of the wire if their velocity is 5.4 mm/s in the wider region?

a.33.21 b.27.00 c. 38.61 d. 44.01 e.20.79
A| [ Az

15-the temperature coefficient of resistivity for copper is 0.0069 (°C) L. If a copper wire has a
resistance of 164(} at 20°C, what is its resistance in ohm at 20°C?
a. 311.73 b. 399.48 c.353.3 d.270.17 e. 23091

R(T) = Ro(1 + a(T —Tp)) = 164(1 + 0.0068(80 — 20))

R(T) = 230.91

cﬂ:y&wdhl_nhsqlé}ulb ol ellaas Autulanl) 34) jaY)
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16- Most telephone cables are made of copper wire of either 24 or 26 gauge. If the resistance of 24-gauge
wire is 137 £ /mile and the resistance of 26-gauge wire is 220 2 /mile, what is the ratio of the diameter of
24-gauge wire to that of 26-gauge wire?

a.1.6 b.1.3 c.0.62 d.0.79 e. 0.88

17- A wire, whose material has temperature coefficient of resistivity = 4 * 1073°C 1, is heated sothat
its temperature is raised by 80°C. the fractional change in its resistance is:
a.02 b.0.32 c.0.16 d. 0.24 e. 1.5

18- A copper wire has a square cross section 2.3 mm on a side. The wire is 4.0 m long and cairies a
current of 3.6 A. The density of free electrons is 8.5 * 102% / m>. Find the magnitudes of the current
density in the wire?

Answer: ..........

19- A 50-V potential difference is maintained across a 2.0-m length wire that has a diameter of 0.50 mm.
If the wire is made of material that has a resistivity of 7.0 * 1078 22 .m, what is the current in the wire?

a.70 A b. 65 A c.61 A d.58 A €. 280 A

20- A ductile metal wire has resistance R. What will be the resistance of this wire in ferms of R if it is
stretched to three times its original length, assuming that the density and resistivity of the material do not
change when the wire is stretched? (Hint: The amount of metal does not change, so stretching out the
wire will affect its cross-sectional area.)

Answer: ..........

21the resistivity of the material of a wire is 9.6%107° Qm. if the radius of the wire is 3.2*10™3m and its
length is 181 m, what is its resistance?
a. 54.01 b. 44.83 c. 66.44 d. 34.03 e. 2323

pxL 9.6+107°« 181
A mx(32+107%)2

=54.01
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22- A conductor of radius 7, length I and resistivity p has resistance R. What is the new resistance if it is
stretched to 4 times its original length?

1

a._
16

R b.iR C.R

Sl ana g g J Y1 paa
Vorg = Vaew — LT = L,752
1, = 0.5r

L, = 4L

P2 *L,
43

p*L
A

23- What diameter must a copper wire have if its resistance is to be the same as that of an equal length of
aluminum wire with diameter 2.14 mm? peopper = 1.72 * 1078 Paluminum = 2.75 * 1078

Answer: ..........

24-A conductor of radius », length L and resistivity p has resistance R. It is melted down and formed into
a new conductor, also cylindrical, with one fourth the length of the original conductor. The resistance of
the new conductor is:

25- Light bulb A is rated at 60 W and light bulb B is rated at 100 W. Both are designed to operate at 110 V. Which
statement is correct?

a. The 60 W bulb has a greater resistance and greater current than the 100 W bulb.
b. The 60 W bulb has a greater resistance and smaller current than the 100 W bulb.
¢. The 60 W bulb has a smaller resistance and smaller current than the 100 W bulb.
d. The 60 W bulb has a smaller resistance and greater current than the 100 W bulb.
e. We need to know the resistivities of the filaments to answer this question.

26- A carbon resistor is to be used as a thermometer. On a winter day when the temperature is 4.0°C, the
resistance of the carbon resistor is 217.3 2 . What is the temperature on a spring day when the resistance
is 215.8 27 (Take the reference temperature 7o to be 4.0°C.) (a = —0.00050(C 1)

Answer: ..........
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27- Consider the circuit shown in figure. The terminal voltage of the 24.0-V battery is 21.2 V. What is the
internal resistance r of the battery? e
e
Answer: ..........
V12 =& Iri

24 =24 — 4r;

n = 5.3

28- The circuit shown in figure contains two batteries, each with an emf and an internal resistance, and
two resistors. Find the current in the circuit (magnitude and direction)?

L6802 16.0V
+

a b

Answer: ..........

A<l i 3l = daiadl g aall 140 80V
YexI=1T1>*YR +1?+¥r;

(16 —=8)* I =12+ (5+9) +1? % (14 + 1.6)

(16 — 8)(CiusSluia ag3Y)

I =0471

29- The circuit shown in figure contains two batteries, each with an emf and an internal resistance, and
two resistors. Find the terminal voltage Vab of the 16.0-V battery? 160 160V

b
000
8.0V

4
| a
Answer: .......... 5002
i 140

30- The power rating of a light bulb (such as a 100-W bulb) is the power it dissipates when connected
across a 120-V potential difference. What is the resistance of a 100-W bulb?

Answer: ..........

31- Consider the circuit of figure. What is the total rate at which electrical energy is dissipated in the
5.0 2 and 9.0 12 resistors? 160 160V

+
a b
Answer: .......... s00% } ,l 200
140 R0V

32- In the circuit in figure, find the rate of conversion of internal (chemical) energy to electrical energy
within the battery?

1060 120V Fi

Answer: ..........
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e. 8.29%102°

a. 7.5%108

d. 0.69 12

d. 0.1007

a. 3.37%10%°

d. 041

[=875+10724

b. 27.00

c.2.59

€. 230.91

c.90W

b. 1.3

T=17.80c°

c.32]

b.0.32

r=070

t = 109.5 min

] =68-10° A/m>

I=04714

.27V

a.70A

Vop =152V

I =10.56mA

9R

R=14410

P=31W

P=24W
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Chapter 26: Direct Current Circuits

(types of current) <Ll (e cpe 5 2 g

DR Farent w53 ‘(Direct Current) aiuall A S0 (1
S sl ol Ll sl (e g platie JSy (3% LS 8 5 DC w4 a2

v :(Alternating current) sl A S0 Lal(2
el Y o gl il (g B0 et ity P ¢c ) 50 S oladY) 55000 puile g g e glita J (30 o3 L) g5 AC2 4l e

Alternating Current (AC) . . all L) il b G
v o gall ladll o bl ye B

Resistors in series and Parallel:
Resistors in series () ) & Jua @)
gl e me A0l Ay yteadl) dga 38 T Lty Lpasan il g8l 8 4 (1) Ll e Cums gl o e i) Qa8
- ‘I is same for all resistor in series.

- V" is different if ‘R’ is different in series.

1'1212:173
V:V1+V2+V3

R equivalent:

V=V +V, + Vs
IR,y = IRy + IR, + IR;
IRoq = I(Ry+ Ry + R3)

Req = (Ry + Ry + R3)

Ao ganall (3 e die S0 (g S LIS A i) o 5

Leoan Led g (A peS0 L 5 e ol Bl glill gon] Sl kel 1

Sl jady 5 lall (8 lall 3 seSh Ll Qi8S e Jaay g e Jua sl

AB S0 e e e AN Guid Al e lan s ppaall Al il (3 ) s Ja g

Alslie Y1 L el il
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Resistors in Parallel (s )\ s Ll Jua sill):

O 24a) (5 Ll £ 5 S 5T (o gl 58 S8 lgill s Ao i 8 i gl o 5 ey ) e e i) a5

- V" is same for all resistor in parallel.

- ‘I’ is different if ‘R’ is different in parallel.

1= Il + 1'2 +1'3
V= V]_ = V2 — V3
R equivalent:

I:Il+!'2 +13

v _n, % W

Reg Ry Rz Rz

L V(i + E3 + i)
Reg Ry Rz Ra

1 1 1 1

Req Ri Rz Ra

Rl*Rz

e glBall jlite ae Ao Ay ¢ il Adads wic 5 ) o | jadg o jaaddl bk

Reg = (L8 g 5 sl (o ie i ssm g die dald Ala)

R1+R2

it 5 L0 5 AL LT L A il ol 8 gy gl LRl g g o e i) gan) L o 13

Al (B ) s (e eale gl ok G aead (58 Gl D e a8 5l A e 0 il @) s Jeas

Ex: In circuit shown, find:
1) Req-
2) Power on Ry.

3)I on R;.

Solution:

1)

Rq and R, in series

Reg1 =Ry +R3=> Regq1 =5+5
Roq1 =100

R.q1 and Rj in parallel

1 1 1 1 1,1
= + == = —
Reqgz Reqi Ra Reqz 10 10
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Regz =50Q

R.qz and R4in series

Regs = Reqz + Ry = Req3 =5+5=100
R.q3 and Rs in parallel

Regs*Rs _ 10410

R — = =
®¥% " Regs+Rs 10+10

R, .4 and Rgin series

eq

Rog = Rogs + Ry = Rog =5+10 =150

30

I==24

=2A= lReq4: lRE
VReq4: Req4 * lReq4 =5=%2=10v
VReq‘4 =10V = VRS = VRqu

VRops = Regqa *Ir

eq3 eq3

10=10xIg,,,
IReqs =1A= IR‘l- :IReqz
PR4 :1'2 *R4

4:12*5:5watt

Ve = Reqz * Iy =5+ 1=5v
Ve =5V =Vs=Vg,,

Ve, = Rs* Iy,

5= 10 * I,

Ig, =054
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Simple electric circuit equation (Haswl) 4L 4¢< 5 )al):
Al 33 5681 3 1Al ol (one Joop) 3as) 53550 8 W latal (S 13 1)

(Has only one current ... 3 j)all 8 aal g L)

__ Xe
YR+ 3Xn

!

where:

1;: internal resistor of battery
*Attention to the polarity of battery for } ¢ .
Voltage for battery:

V = & +Ir; fromch25

Ex: in circuit shown the ammeter A reads I = 44 and the voltmeter V reads V = 12v , find:
1)R.

2) £ (emf).

Solution:

1)

2)
V=gexl,,V=Rp~I
V=(3+5)=4

V =32volt
32=c—4+1

£ = 36volt

2) complex circuit:
Al e8I Sl st ool 0 Saeliy W e (pfiacll auimg o3 Gl g afi 3aal g 35 0 () Ledap Say Y ) (o |08

Sk i gall g ke il
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(Kirchhoff’s laws):
First law (kcl):
Lo o el Clia B B8 g gl (J) Adail) 8 LAl s Bl A o cAiatl) Jads Tas e Ve
AQenter = Aqexit
Aqenter(1) = Aqa + Aqs + Aqy (At Dindl) ) el 3 priasall (a3l o andl)
L=L+L+I,

Elem‘er = Zlexit

thot (atpoint J) — 0

The sum of the currents into any nod equals zero.

Second law (kvl):
Johea (o sb Al S 85la 8 Bl e (gl pdlie gie A yeSl sgall 8 el g sl g send)
YV =0inloop,Liand L, are loops
‘Jall il glad
.(_)Jsj Jode @i 3 aexidlds ) nods J) i -
(320 na S L 13 Ll sl spaa -

(O L3l s polarity J) s -

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

+&: Travel direction —&: Travel direction +IR: Travel opposite —IR: Travel in
from = to +: from + to = to current direction: current direction:

R

EX: In figure shown find the currents.
Solution:
At nod 1: from first law

I + I, = I3..1 first equation

From second law:

nod 2
[ D Gl B i) alal s a Jaial) B AuaN) Faclal) ]
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Loop 1 (L1):
—3+ 31, + 6I; =0 ..2second equation
Loop 2 (L2):
—9+4+3L -3 —6=0..3third equation
Solve the 3 equations on calculator.
L+, —I3=0..1
I +2I3=1..2
d 4+ =2..3
3 gem bl CVaI*
Al AW e dab day age JSEN 1agy & il g g
= —064
=14A

L=08A4

* if the sign of any current was negative the direction of current in the opposite direction of the
imposition.
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Resistor — capacitor circuit (RC circuit):
Two cases:
1) charging.

2) discharging.

1) charging:

Vg =I1=R

e=V.+Vg

At t =0: (at the moment switch is closing)
Q. = 0, in charge in capacitor

thenV, =0

VR max= €

At t = oo (after long time from switch closed)

The capacitor is fully charged.

V¢ willincreases and ¢ is constant, then Vi will decreases even become zero.
Q¢ is max, then V is max.

Vemax=¢€

At this time when capacitor is fully charged there is not current I at circuit I = 0
ThenVg =0,Ir =0

From t=0 to t=co the Q and V of capacitor and resistor

Q(t) = Qax (1 — " /R)

This equation from: (ks agll)

e=V.+Vp

V4+Vg—e=0

€ JR—s=0
C

RC: time constant =71
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... divide over R.

Then solve it as differential equation to get Q (t)

Q(t) = Qmax (1 — e_t/RC) +Qmax =Ce

Q(t) = Quax (1 — e t/RCY . divide over C

V(0) = Vnax (1 —€77RC) Vg = €

Exporentid increasing

T: is the time that Qis
equal 63% of Qpqx

Exponential increasing

For resistor:

Vep=e—- V¢

Vg =c—¢e(1—e t/RC)
Vg =e—¢e+ ee t/RC

— —t/RC —
Vg = ce / € = VRmax

=1IR

I(t) = Lpaxe /RC

Exponential decreasing

Exponential decreasing
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2)discharging:

at t=0 @ is max, and it start discharge in R.
and at t=co @ is zero and Vj is max.

from t=0to t=co

Q(t) = Quax (7/FC)

Ve(®) = Ve, (€7/RC)

Relation between C and R in this circuit

dq
] =—"
dt

d
1(t) = a (Qmax (e_t/RC))

max — max v
I(f): _QR—C (8 t/RC),QT:V::'E:I

I(t) = —Ipax (e _t/RC}

VR(®) = —Vipq, (€77E)Y

Q: Capacitor RESISEOR
A

Exponential ncreasing

Exponertial decreasing
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Ex1:in figure shown, find:

1) time constant (1)
2) Q at t=35-sec

3) I att=35-sec

Solution:

1)

T=RC
T=5%103%2x1073

7=10— sec

2)

Q(t) = Qax (1 —e~H/RC)

Qmax = C¢

Qmax = 2+1073 =24

Qmax = 48mC

Q(35) =48 » 1073 (1 — e~35/10)

Q(35) = 46.5mC less than Q,,,4 it is true.

Imax = 57703
Ly = 4.8mA
1(35) = 4.8 x 107 3¢35/10

1(35) = 0.145 mA less than I,,,,, it is true.

[ 4d) 5 o) Aaiha Asla) o Jaand al g a Jluld calad) Clual J) i) J
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Ex2: in figure shown if Q,,,,, = 8 mC , find: (capacitor initially fully charged)
1)tifQ =3mcC

2) I at thattime (t at @ = 3 mC)

Solution:

1)

Q(t) = Quax (e~/FC)
3x1073=8x%1073 (e7t/10)

e t/10 —

In

3
8
3
8

I(t) = —Ipgy (e7H/RC)
- _ Qmax —9.8/10
1(9.8) o0 (e )

81073
1098) = — —5— (e 28/10)

1(98) = —3.06+107% A




{Done by: Omar Mohammad}

Problems

Book & more
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- . .. £
Al glaa &) gl Ali)
Q1 for the circuit shown, the potential of point A is zero. Determine the potential of point B (in V).

a. +2 b. -6 c.+6 d. +4 * @, -2 2.‘0&0 A
YYy

3
(1 and 3 parallel) Rypy == i |
o il < 1 L Yo
-

(Req1 and 2 and 4 series) I EE

Yy
4000 B

Iror =R_eq=

3
Vap =fmr*qu1= *E=2

V- V=25V, =2

Q2 the circuit shown a network of 8 identical resisters, each with resistance R, connected to the power
supply &;. What is their equivalent resistance?

a. 2R/9 b. 8R/9 c. 2R/3 *d. 12R/13 e. 12R/7

Rgand R; parallel = R.q = 0.5R

Reqiand R; and Ryseries = Req2 = 2.5R

5
Reqz and Ry parallel = Ryq3 = 7,i;l

12
Reqs and Ry series = Rygq = 7.‘?

Ry and Rg series = Reqqs = 2R

Reqs and Reqs parallel = 12R/13

Q3 two resistors, 2Q and 50, are connected to 12 V battery. The minimum power (in W) that can be
generated from any combination of the two resistors is:

1)84 2) 100.8 3)28.8 *4)20.6 5)72

Inseries:Rgg =7 — p =§=% =20.6

10
In parallel: Rgq = - =
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a5 For the circuit shown, Ry = 30Q, Ry = 400, Rz = 20Q, Vo1 = 12 0, Vo = 16 v.determine the
power (in W) delivered to R,?

*a. 0.34 b.0.021 c.0.092 d. 0.065 e. 11.743
kvl:

Loop 1(L1):

—12+4+70; —40l, =0...1
Loop 2 (L2):
—16—-40I; +60;,=0..2

Solve the 2 equations on calculator.

L 3% 8
1765 2713

L _8 3 _6
R2 713 65 65

2 6 :
p=1Is, *R2=(E) ©40 = 034

Q6 two resistors, 2Q and 50, are connected to 12 V battery. The maximum power (in W) that can be
generated from any combination of the two resistors is:

1)25 *2) 58.3 3)33.3 4)14.3 5)70

Q7Determine the magnitude and sense (direction) of the current in the 500Q resistor when I = 30mA

a. 56 mA left to right *b. 56 mA right to left.
¢. 104 mA left to right. d. 104mA right to left
e. Z8mA left to right

{ 400 0 g
Q10The current through the 4 kQ resistors is 5 mA. The current (in mA) that flows through the battery
with unknown terminal voltage V,:

a.4 b.3 *c. 75 . e. 55
40k

Vik=5bm=*4k=20V 80 kQ

8
4kand 8k parallel — R, = 3

i 20%3

.'tot=R—gq_ g =75
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q12In the figure, if R = 12 - Q, what is the equivalent resistance between points a and b?

a.96 Q b.1100Q c.48Q *d. 64 Q e. 800
3R and 3R series = Rqq1 = 6R

(5R ,5R and Ry)series = R,q; = 10R

Req1 and 3R parallel = Rgq3 = 2R

10
Reqz and 5R parallel = Rggy = ?R

Reqs and Req4 series = 64

q15In the figure, if 7= 1.5 A in the circuit segment shown, what is the potential difference Vb — VA?

*a. 28V b.+2V c.-28V d-2V e.-18V 100 ; lof)

\ s—AAAA—— | | | AP d—e

Vg —161—15—101 =V,

VB _VA = +28

g16 consider the circuit shown. The terminal voltage of the 24 V battery is 21.2 volts. The external

resistance (R in ohm) is:

a. 8 b.0.7 c.6 *d. 5.3 r
—AnrE

v 212 400A | T
1~ 14 ~

=53 |
R 400 A
I—Wv_

R =

212=24—4r

r=07

g19in the circuit shown, Ry = R, = Ry = 50 What is the circuit in the 15 V battery?

a.23 b.2.7 c.13 d. 03 e 25
Loop 1(L1):

—10+10l; -5, =0..1

Loop 2 (L2):

—15—-5,+10,=0..2

Solve the 2 equations on calculator.

I,=233 I,=27

[ )l (LS il cilasial) Jag ) 1A agdl) B i d) Basd)) ]
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17-In the figure, if ¥a — ¥b = -10,Q = 400 pCin the circuit segment shown below, what is the current in
the resistor?

*a. 1mA c. 2.5mA d. 3.5mA4 e.1.5mA4

0ka

Vg —30—20+103+1+40 =V,

I=1mA

g24 what is the equivalent resistance between points A and B in the figure when R= 250Q?

a. 10 *b. 25 c. 15 d. 3.2 e. 20

R and 2R series = Ry = 3R

(5R and R)series = Roqz = 6R

(Req1 ,Reqz and 2R) parallel = Rpq = 25

g31in the circuit shown, Ry = Ry = Rz = 50 What is the power dissipated in the resistor?

a. 0.6 W b.35.6 W ¥c.272W d.20W e.30W

g32what is the equivalent resistance between points a and b when R= 17Q?

a. 20.88 b.4.6 c. 29 d.234 *e.26.27

(R,2R and 3R) parallel = R,q = 0.55R

Reqand R series = Rygy = 26.27
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g36 knowing that the power delivered to resistor, R; is 20 W, the resistance (in Q) of the resistorR,is:
350 A
—

a. 15 b. 25 *¢. 20 d. 10 e. 12 i [u,m}§ l
(A R
2

0
= 2, = —=
p=1Ig, “*R1 =Ry n 5 o

n v, =10V
= — =
P R, 1

Vg, = Vg, = Vipg = 10V

leot = Iy, +Ig, + L1pn =35

Lot =2+ 1z, +1=35-I =054

10

Ry =— =
2705

20

for the points a and b shown in the circuit, the potential difference Va-Vb (in V) is:

*a. 8 b. 6.9 c.7.1 . 8. e.6.2

24
Req =30 = lype = =84

Lot = Iy + 15 = 4 + 4 = Bofshadia HS1udl o e dBal (Y (4 sl (il sty )

L, +3L -5L=V,

Vap =

g41 for the circuit shown, the emf £; (in V) is:
*a. 36 b. 68 c. 46 d. 38
L) e il g 5

Iyg =84

£ —3+4-3+8=0

g =36V

g42for the circuit shown, R; = 1Q, R, = 2Q,R; = 30, R, = 4(. The potential difference (in V) across
Ruis: Ry Ry
AMA——AMA

Wl s

g

a5 b.7 *c. 6 d.s e.3 ‘.
111(

e
b
3V
ﬂ-; |
2V

L

A AN A

R,
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bl gyl

1-What is the rate at which thermal energy is generated in the 30-0 resistor shown?

a.20W b.27W c.60 W d.13W e.30W

2-If £ =20V, at what rate is thermal energy being generated in the 20 - Q resistor shown in
the circuit?

a.65W

3- A resistor of unknown resistance and a 15- Q1 resistor are connected across a 20-V emf in
such a way that a 2.0 A cuirent is observed in the emf. What is the value of the unknown resistance?

a.75-0 .12-Q c.7.5-0Q d.5.0—-0 e.30-0Q

4- For the circuit shown in figure both meters are idealized, the battery has no appreciable internal
resistance, and the ammeter reads 1.25 A. What does the voltmeter read? What is the emf ¢ of the battery?

25,0 4}

ANSWET: v iiiriiirn, / Yo

15.0 1
W

5- Compute the equivalent resistance of the network in figure and find the current in each resistor. The
battery has negligible internal resistance.
=600V, r=0

ANSWET? v s e —
3000 12011

6.00{} 4.00(

6- In the figure shown, if /=0.50 A and R = 12— () , determine .

a. l2Vv b.24V c.30V d 15V

7- In the figure shown, if R=50—-Q and /=20 mA, determine ¢.

a. 18V b. 27V .45V d 36V
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8- What is the magnitude of the current in the 20 — Q resistor shown?

a.0.75 A b. 0.00 A c.025A d.0.50 A

9- In the circuit shown in figure, the rate at which R1 is dissipating electrical energy is 15.0 W. Find R1
and R2. What is the emf of the battery? Find the current through both R2 and the 10.0-Q resistor.

350 A
e

ANSWET: wovce e cectr et sseene e Y ST OO '“fi mlugg ‘

2.00A

10- Find the emfs £, and &, in the circuit of figure, and find the potential difference of point b relative to

point a. L0 200V
— e aw—

1.0004 «
| ta 1wes

1 AN —— I
2'00‘3‘1 1000 5 o

ANSWer: ..o, Y S Y S

11-In the figure, if 7= 30 mA, determine the magnitude and sense (direction) of the current in
the 500 — Q1 resistor.

a. 56 mA left to right. b. 56 mA right to left. c. 48 mA left to right.
d. 48 mA right to left. e. 26 mA left to right.

12- In the figure, if 7= 1.5 A in the circuit segment shown, what is the potential difference Vb — VA?

U v R f, "0V 200
a.+22\ b. 22 % c. 38V d.+38 % e. 72.01 A | 1 w1 |
20V

12V

13- What power is supplied by the 10-V emf shown?

a.—10 W b. -20 W C. Zero

14- In the circuit shown in figures both batteries have insignificant internal resistance, and the idealized
ammeter reads 1.50 A in the direction shown. Find the emf E of the battery. Is the polarity shown,
correct?

12001

ANSWET: wovvvivivreane] werireieeens . 4503

750V o3

—
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15- In the circuit shown in figure, the 6.0-Q resistor is consuming energy at a rate of 24 J/s when the
current through it flows as shown. Find the current through the ammeter A. What are the polarity and emf
€ of the unknown battery, assuming it has negligible internal resistance?

r}IIS
I‘q

ANSWET: v e : | m %W "
134 104
16- In the figure, if 7= 1.8 A, determine the magnitude and sense (direction) of the current in

the 10- Q resistor.

a. 1.6 A right to left. b. 1.6 A left to right. c. 1.2 A right to left.
d. 1.2 A left to right. e. 1.8 A left to right.

17-In the figure, if R=3.0k—-Q, C=5.0mF, & =60V, 0=15mC, and / = 4.0 mA, what is the
potential difference Vb — Va?

a.+21Vv b. t9.0V —15V .—3.0V .—6.0V -—H—{ ||—«»w»—»
18- In the figure, if &y =40V, &, =120V, R, =4 —Q R, =12-Q, C=3 u4F, 0=18 uC, and /= 2.5A,
what is the potential difference Fa — Vb?

a.-30V b.30V c.50V

19- A capacitor is charged to a potential of 12.0 V and is then connected fo a voltmeter having an internal
resistance of 3.40 M-Q) After a time of 4.00 s the voltmeter reads 3.0 V. What are the capacitance and the
time constant of the circuit?

ANSWET: v v

20- In the circuit shown in figure both capacitors are initially charged to 45.0 V. How long after closing
the switch S will the potential across each capacitor be reduced to 10.0 V, and what will be the current at
that time?

§
ANSWET: ovinien] s §=__I_J::’F" %ﬂnm

3000

[ )old elia pluay B i) G5¥ g cLalle elia aluay 8 alal) 3 g5 J
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21-If I=2.0 mA and the potential difference, VA — VB = +30V in the circuit segment shown, determine
the charge and polarity of the capacitor.

a. 0.50 mC, left plate is positive b. 1.5 mC, right plate is positive

c. 1.5 mC, left plate is positive d. 0.50 mC, right plate is positive
e. None of the above

22-In an RC circuit, how many time-constants must elapse if an initially uncharged capacitor is to reach
80% of its final potential difference?

a.2.2 b.1.9 c. 5.0 d.3.0 e. 1.6

23- In the figure, at ¢ = 0 the switch S is closed with the capacitor uncharged. If C =30 uF, £ =30 V, and
R =5.0KkQ, at what rate is energy being stored in the capacitor when
I=20mA?

a. 32 mW b. 40 mW

24-An emf source with £ = 120 V, a resistor with R = 80.0 - Q, and a capacitor with C = 4.00 mF are
connected in series. As the capacitor charges, when the current in the resistor is 0.900 A, what is the
magnifude of the charge on each plate of the capacitor?

ANSWeEr: ..occiveverinens

25- In the circuit in figure the capacitors are initially uncharged, the battery has no internal resistance, and
the ammeter is idealized. Find the ammeter reading just after the switch S is closed and after S has been
closed for a very long time. 25.04)

—hANA—
75.00

B i
ANSWET: cvvvrvernrane wer e 1506F 200 250 i
o n
100.0V “,-1- 0

50.0 €)

S

25.042

15.0 42

26- A capacitor in a single-loop RC circuit is charged to 85% of its final potential difference in 2.4 s.
‘What is the time constant for this circuit?

a.15s b.19s c.1.7s d.13s e.29s

27-In the figure, if R =12 - Q, what is the equivalent resistance between points a and b?

R R
a.20Q b.16 Q c.24Q d.28Q e.6.00Q )
R R
R R
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28- A 12.0-mF capacitor is charged to a potential of 50.0 V and then discharged through a 225-Q resistor.
How long does it take the capacitor to lose half of its charge and half of its stored energy?

ANSWET: v e

29- The algebraic sum of the changes of potential around any closed circuit loop is:

a. Zero.
b. maximum.

c. zero only if there are no sources of emf in the loop.
d. maximum if there are no sources of emf in the loop.
e. equal to the sum of the currents in the branches of the loop.

30- The circuit below contains three 100 - watt light bulbs. > = 110 V. Which light bulb(s) is(are) the

brightest?

a. A

b.B

c.C

d.BandC

e. All three are equally bright.

d 13 W

a. 56 mA left to right.

c. 1.5 mC, left plate is positive

b.1.6 W

b. 22V

e.1.6

e.30-Q

e.+10 W

b. 40 mW

206.1V /397.65

e =52.35V,is correct

192 uC

Req =50
I,=8A,l,=4A4,1; =34
I,=9A4

0223A/ec = —46
The polarity is the
opposite direction for

0.937 A/ 0.606 A

b. 24V

a. 1.6 A right to left

d.13s

a. 18V

d. 30V

b. 16

d. 0.50 A

a.-30 Vv

1.87 ms / 0.936 ms

R;=3750,R, =10 Q
e=75V
IRZ = 110 = 0.75A

0.849uF [/ 2.89s

a. Zero.

81:18V,52:7V
V, =13V

4.21ms/0.125A




