Electrostatics

.GivenZ:i—j,§:2kand8’:—i—|—3j. Find A- Bx Cand A x (B x ().

— — — — —

. Given A =2i—j, B=3i+j and C = —2i 4 65 — 4k. Show that C' is L to both A
—

and B.

— — —
. Given A =i+j, B =142k and C = 2j+k. Determine (Ax B) xC and A x (B x ()
and also determine A - (B x C) and A x B) - C. Does change in order of operation
change anything?

. Find unit vector directed from (2, —5, —2) towards (14, —5, 3).

. How many electrons are contained in 1.0 C of charge? What is the mass of the

electrons in 1.0C of charge

. If two charges each of 1C, were separated in air by a distance of 1km, what would be

the force between them?

. A point charge of -30 pC is placed at the origin of coordinates. Find the electric field

at the point z=>5.0m on the x-axis.

. For the situation shown in fig.1 . Find (a) the electric field E at point, (b) the force
on a -40 nC charge place at point p and (c¢) where in the region the electric field would

be zero (in absence of -40nC)

200nC -50 nC
N 5em o Sem 0
i Pl g

. Three charges are placed on three corners of a square, as shown in fig.2 . Each side
of the square is 30.0 cm. (a) Compute E at the forth corner. (b) What would be the

force on a 6uC charge placed at the vacant corner?



10.

11.

12.
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fig.2

Three point charges are placed along the x-axis as 2.0uC at =0, -3.0uC at z=40cm,
-5.0 uC at x=120 cm as illustrated in fig. 3. Find the force (a) on the -3.0 uC charge
(b) on the -5 uC charge.

wC  yl a0
— —0 ——
§,(I1 £ @ fig3 98 g3

w

Four point charges of +3.0uC are placed at the four corner of a square that is 40 cm

on a side. Find the force on any one of the charges.

Four equal magnitude point charges 3.0uC are placed at the corners of a square that
is 40 cm on a side (see fig. 4). Two diagonally opposite charges are positive, and

other two are negative. Find the force on either negative charges.

3u C -3u C

Q@ —40cm— @

® ®
3 C 3u C

13. Four particles form a square. The charges are ¢; = Q, g2 = g3 = ¢, and g4 = —2Q)(see

fig. 5). What is ¢/@ if the net electrostatic force on particle 1 is zero?
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14.

15.

16.

17.

18.

19.

o - o
fig.
3 q 12.5 20 4

A charge of +6.0uC experiences a force of 2.0 mN on the +x-direction at a certain
point in space (a) what was the electric field there (b) describe the -2uC charge would

experience if it were used in place of +6uC charge.

Two point charges @)1 = 50uC and Q2 = 10uC, are located at (—1,1,—3)m and
(3,1,0)m, respectively find the force on Q.

Four equal-magnitude 4.0 C charges are placed at the four corners of a square that
is 20 cm each side. Find the electric field at the center of the square (a) if the charges
are all positive, (b) if the charges alternate in sign around the perimeter of the square,
(c) if the charges have the following sequence around the square plus, plus, minus,

minus.

Point charges of 50nC each are located at A(1,0,0), B(-1,0,0), C(0,1,0), and D(0,-1,0)

in free space. Find the total force on the charge at A.

In fig. 6 four particles are fixed along x-axis, separated by distance d=2.0 cm. The
charges are ¢ = +2e¢, ¢ = —e, q3 = +e and ¢4 = +4e, with e = 1.60 x 107°. In
unit-vector notation what is the net electrostatic force (a) on particle 1 and (b) on

particle 2 due to other particles.

+e + e
—4 4 4 —
P4y doy 4

¢ d

In fig. 7 three identical charges form an equilateral tri-angles of side 20 cm. The

charges ¢, = —2 nC, ¢, = —4nC and ¢. = 8nC (a) what is the magnitude of the
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electrostatic force between A and C. (b) Now B and C are connected momentarily

(via a wire) now what is the magnitude of force between B and C.

8§ nC

/N

I
Qo’*‘
&

/N

22 0@ +—20m — @-4 nC
@ gl g

%
(¢}
?

20. In fig. 8, six charged particles surround particle 7 at a radial distance of either
d=10cm or 2d as illustrated. The charges are ¢; = +2e, qo = +4e, g3 = +e, g4 = +4e,
g5 = +2e, ¢ = +8e, and ¢; = +6e what is the magnitude of net electrostatic force

on particle 77

Y
12
@ @ @ @ >
1 7 3 4 x
®
o) fig.8

T6

62. In fig. 9, what are the magnitude and direction of net electrostatic force on
particle 4 due to all other particles when ¢; = —2e, ¢ = +2¢, ¢3 = 4e and ¢4 = 2e;
91 = 350, dl =3.0cm s d2 = dg = 2.0 cm.
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21.

22.

23.

24.

- o fig.9

Find E at (0,3,4)m in Cartesian coordinates due to a point charge @ = 0.5uC at the

origin.

Please refer to fig. 10. Point charge Q1 = 300uC, located at (1, —1, —3)m, experience
a force Fy = 8a, —8a, +4a,N, due to point charge ()7 at (3, —3, —2)m, determine Q).

2
Y

Q2

[ )
(39_39_2)

T
Q1 Ri2
figld @

(1,-1,-3)
Find E at the origin due to a point charge of 64.4 nC located at (-4,3,2)m in Cartesian

coordinates.

Find E at (0,0,5)m due to @;=0.35uC at (0,4,0)m and Q= — 0.55uC at (3,0,0)m
please refer to fig.11.




25. Please refer to fig. 12. Find the force on a 100 uC charge at (0,0,3)m if for like
charges of 20uC are located on the x and y axes at +4m.

26. Find the expression for the electric field at P (x,y, z) due to a point charge Q at
(1,91, 21). Repeat with the charge placed at the origin.
z
P(z,y,z)

/.

./

Q(z1,y1, z1))

<V

fig.13
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Electric Potential

1. Figure below shows a rectangular array of the charged particles fixed in place, with
a distance a = 39.0cm and the charges shown as integer multiples of ¢; = 3.4pC" and
g2 = 6.0pC. With v = 0 at infinity, what is the net electric potential at the rectangles

center (Thoughtful examination would reduce the calculation)

-2¢ +4qo -3q1

A

< <

R

+4qo +2q1

2. in figure below , what is the net electric potential at point P due to four particles if

V =0 at infinity ¢ = 5fC and d = 4.0 cm

3. In figure below, particles with charges ¢; = +5e and ¢ = —15¢ are fixed in place
with a separation of d=24.0cm. With electric potential defined as V=0 at infinity,
what are the finite (a) positive and (b) negative values of x at which the net electric

potential on the x-axis is zero.

q1 q2

® ®
d

4. How much work is required to set up the arrangement illustrated below if ¢ = 2.3pC,

a = 64 cm and the particles are initially infinitely far apart and at rest?
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4+ q —>

-q +q

5. As illustrated seven charged particles are fixed in place to form a square with an edge
length of 4.0cm. How much work must be done to bring a charge +6e to the center

of the square.

y
-e -2e -3e
L ®
+2e
—o
X
¢ ° o
+3€ +3€ +e

6. As shown below, point p is at distance d; = 4.0m from the particle 1 (¢ = —2¢) and
distance dy = 2.0m from the particle 2 (42e), with both particles fixed in place (a)
with v=0 at infinity, what is V at P, If we bring at particle g3 = +2e from infinity
to P, (b) how much work do we do and what is the potential energy of the 3 particle

system.

di
da

q2
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7. Two charges ¢ = +2uC are fixed at a distance d=2.0cm apart as illustrated (a) with
v = 0 at infinity, what is the electric potential at charge C (b) work done to bring a
q = +2uC from infinity to C.

oC

di2

q q
o o o
d2 d/2

8. As illustrated, point P is at the center of the rectangle. with V=0 at infinity, ¢ =
50fC, qu =2.0fC, g3 = 3.0fC and d = 2.54cm, what is the net electric potential at

P due to six charged particles.

+q1 -q2 -q3
() () ()
p
()
() () ()
+q3 -2 o

Page 9



10.

Resistivity and Resistance
. A metal rod is 2 meter long and has a diameter of 8mm. Compute its resistance if
the resistivity of the metal is 1.76 x 10~% Q-m

. A wire has a diameter of 2.59mm, How many meters of wire would be needed to have

a net resistance of 1.0€2, when rho for aluminum is 2.8 x 1078

The resistance of a coil of copper wire is 3.5¢2 at 0°C. What is the resistance at 50°C,
for copper the drift coefficient is o = 4.3 x 1072 °C~ 1.

. Calculate the resistance of an aluminum cable of length 10 km and diameter 20 mm

if the resistivity of aluminum is 2.7 x 1078 € - m.

Calculate the resistance of a copper wire of length 2m and area of cross section 10~°

m?2. Resistivity of copper is 1.7 x 1078 Q-m.
. What is the current through an 82 resistance toaster when operating at 120V?
. What is the potential difference is 3.0 A are passing through 28¢).

. An electrical connection is setup between to points using copper cable, the length of
the connection is 200 meters. The resistance of the link must be less than 1 €2, what

should be radius of the conductor assuming p = 1.7 x 107% Q- m.

. An electrical connection is setup between to points using copper cable, the radius of
conductor is » = Imm. The resistance of the link must be less than 5 €2, what is the

range of this cable, assuming p = 1.7 x 107% Q- m.

Resistance of a given wire of length L is 4€). The wire is stretched uniformly such

that its length becomes 3L. Find the new resistance of the stretched wire.
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Linear Circuit Analysis

1. For the following circuit write the KVL equation and determine the current flowing

through the circuit.

40
L T
Ry
+
—— = 80
T 12v v

Es

6v | +
|
[

2. For the following circuit, find the equivalent resistance, determine the current I, I,

I, and I3 flowing through the circuit.

30 ) 80
— 1 . 1
R Ry Rs
R |
— 20 || R 160 |r, 40 ||Bs
4B | By

3. For the following circuit write the KVL equation and determine the current flowing

through the circuit.

12v 8v
I + 20 T 80
F{ }—:l—| | —3—
Ry Ry
Ey )

Rs 109
—

4. For the following circuit determine the equivalent resistance of the circuit and deter-

mine the current flowing through the circuit.
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5. For the given circuit determine the unknown voltage source to make this circuit work,

draw the potential difference diagram of this circuit.

6v

40 80
R ALl'B Ry
=
12v
M3 K
1. 9 C+|
2.0 A

6. For the given circuit determine the equivalent resistance of the circuit and determine

currents ¢; and is.

|
4+
FZAN

Eq
12v

7. For the given circuit determine the equivalent resistance, determine the net current

flowing through the circuit.
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| | 12v 612

|
+ R1

Ro
——
[\
Ro=18Q)
Ro
| I |

8. For the given diagram determine the single loop circuit which corresponds to this
potential difference diagram, determine the value of resistances, assuming 0.5A of

current is passing through the circuit and draw the circuit.

10 s ,
_ 1=0.5 A

(ST e e
1

9. For the given diagram determine the single loop circuit which corresponds to this
potential difference diagram, determine the values of resistance assuming 0.25A of

current is passing through the circuit. Draw the equivalent circuit diagram

\Y

107N 12025 A
B S .

6
4
2

10. For the given diagram Assume that the potential difference between points A and B

is 12v, what should be the value of unknown resistance R?
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11. For the following set of circuits determine all the useful information such as equivalent

resistance, net current and potential at certain nodes.

2012
S
()
—
t
8v
Eq
80
40 4
I _l:l E—
+
T 30
15v | E1
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102
6€2

+ 1 2.5Q

82
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Transistor Based Circuits

1. In a common base connection I, = 1mA, I, = 0.95mA find I,.

2. In a common base connection, current amplification factor is 0.9. In the emitter

current is 1mA determine value of the base current.
3. In a common base connection, I. = 0.95mA, I, = 0.05mA find «.
4. Find value of 5 if (i) a = 0.9, (i7) a = 0.98, (iii) o = 0.99.
5. Calculate I, in a transistor (§ =50, I, = 20uA).

6. Find « rating of transistor, determine /. using both o and g rating of transistor.

e ||

C
I (N5
24()”/\\5 E

I $12mA

Fig—0

7. For the given circuit determine the following parameters.

100 Q
— 1
C []C
IB RB ___+
r22kQ 159 T
t Sv E
l Fig—1

Is this circuit in saturation?

8. For the given circuit determine the following parameters.
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C J[C >
IB RB __+S
_ BFs0 =1
10k - .8
™ ~
[ r E
2 Fig—2

Is this circuit in saturation?

9. For the given circuit determine the following parameters.

1.8KQ
—L 11—
GDC
RB __+
> pF2 =
o 6.8k T-
[t E
§ Fig-3

Is this circuit in saturation?

10. For this problem consider the following circuit:

Fig—4

e For the transistor circuit what is the V., when Vi, = 0.
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e What is the minimum /g required to saturate the transistor if 5 = 200.

e calculate the maximum value of Rp if Vi, = 5.0V.
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11. For this problem consider the following circuit:

1KQ
—1
lc
R B __+
100k -
to5v |E
Fig-5

Ig = 50uA and a voltage of 5V drops across R, determine v and 3.

12. For this problem consider the following circuit:

430 €2
— 1+

] RC
N +
RB 3y __:_+
5k Q - 7=
24
Y E Y
Fig-6

Vs = 4V, Ve = 24V Rp and R respectively 5k€2 and 430 €2 respectively, determine
a and .

13. For this problem consider the following circuit:

150 §2
—

L Re
C
RB |+
BE50 =
4k Q) T-
15
5y (E Y
Fig-7

Find VCE, VBE and VCB-
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14. The transistor has o = 0.98 and base current of 30uA:

Re
—1
Ic
Rgp + |+
Vee =
+ E Vee
= Vi )
Fig-8

Find 8, I and Ig.

15. The transistor has a base current of 40pA, Vg =6V and Ve =15V:

Re
—
¢+ 3k Q
C
Rgp + |+
6v _ -
+ E Vee
=T Vi )
Fig-9
Find RB, VCE and IE
16. For the circuit illustrated below draw the load line
Rc
— —
2.5k Q
RB 1+
= 125
1 E Vee
Fig-10

17. For the circuit illustrated below draw the load line
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I+

Rp

Fig-11
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18. For the circuit illustrated below draw the load line

GND

10V
Re [I] 1KQ
C
Rp
47KQ
E

Fig=12 [94.71(9
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