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1.1 INTRODUCTION

Electric circuit theory and electromagnetic theory are the two fundamental theories upon which all branches
of electrical engineering are build. Many branches of electrical engineering such as electric machines, control
system, electronics, communication and instrumentation are based on electric circuit theory.

A circuit is an energy or signal/information processor. Each circuit consists of interconnections of “simple”
circuit elements, or device. In other word we can say that an electric circuit is an interconnection of electric
elements. For example, a device (or circuit element) called a ‘source’ produces a voltage or a current signal. This
signal may serve as a source of energy for the rest of the circuit, or it may represent information. Information in the
form of such voltage or current signals is processed by the circuit to produce new signals or new/different
information.

1.2 CHARGE

One of the most fundamental concepts in electric circuit analysis is that of charge conservation. We
know from basic physics that there are two types of charges : Positive and Negative. For the most part, this text
is concerned with circuits in which only electron flow is relevant. We continuously transfer charges between
different parts of a circuit, we do nothing to change the total amount of charge. In other words, we neither create
nor destroy electrons (or protons) when they are running in the electric circuits. Charge in motion represents a
current. The fundamental unit of charge is the Coulomb (C).

The following points should be noted about electric charge :
1. A single electron has a charge of –1.602 × 10–19 C and a single proton has a charge of +1.602 × 10–19 C.
2. Charge is quantized, i.e., the charge on a body will always be an integral multiple of the elementary

charge.
3. A constant charge may be represented by either Q or q, but an amount of charge that changes over

time must be represented by the lower case letter q.

EXAMPLE : 1.1 How much charge is represented by 4600 electrons?How much charge is represented by 4600 electrons?How much charge is represented by 4600 electrons?How much charge is represented by 4600 electrons?How much charge is represented by 4600 electrons?

Solution :
Each electron has –1.602 × 10–19 C.
Hence, 4600 electrons will have, –1.602 × 10–19 C/electron × 4600 electrons = –7.369 ×
10–16 C

CHAPTER

1Basics Components and
Electric Circuits
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1.3 CURRENT

Electric current is the time rate of change of charge, measured in amperes (A). Mathematically, the
relationship between current i, charge q, and time t is

i(t) =
(t)dq

dt
...(1.1)

The net movement of 1 Coulomb (1C) of charge through a cross section of a conductor in 1 second (1s)
produces an electric current of 1 ampere (1A).

The charge transferred between time t0 and t1 is obtained by integrating both sides of Equation (1.1). We
gets

q(t) =
0

( )
t

t

t dt∫ i ...(1.2)

(as t is variable of integration and the limit of integration and variable should not be same)

EXAMPLE : 1.2 The total charge entering a terminal is given by The total charge entering a terminal is given by The total charge entering a terminal is given by The total charge entering a terminal is given by The total charge entering a terminal is given by qqqqq = 5 = 5 = 5 = 5 = 5ttttt sin 4 sin 4 sin 4 sin 4 sin 4πππππttttt mC. Calculate the mC. Calculate the mC. Calculate the mC. Calculate the mC. Calculate the
current at current at current at current at current at ttttt = 0.5  = 0.5  = 0.5  = 0.5  = 0.5 sssss.....

Solution :

i = (5 sin4 ) mC/s
dq d

t t
dt dt

= π  = (5 sin 4πt+20 πt cos 4πt) mA

at t = 0.5, i = 5 sin 2π +10π cos 2π = 0 + 10π = 31.42 mA

EXAMPLE : 1.3 Determine the total charge entering a terminal between Determine the total charge entering a terminal between Determine the total charge entering a terminal between Determine the total charge entering a terminal between Determine the total charge entering a terminal between ttttt = 1 = 1 = 1 = 1 = 1sssss and  and  and  and  and ttttt = 2 = 2 = 2 = 2 = 2sssss if the if the if the if the if the
current passing the terminal is current passing the terminal is current passing the terminal is current passing the terminal is current passing the terminal is i = (3 = (3 = (3 = (3 = (3ttttt22222 – – – – – t t t t t) ) ) ) ) AAAAA.....

Solution :

Q = 
2 2

2

1 1

(3 )
t

dt t t dt
=

= −∫ ∫i  = 
2

2
3

1

1
(8 2) 1

2 2
t

t
   − = − − −       

 = 5.5 C

1.3.1 Reference Direction for Current

The direction of an electric current is by convention, i.e.,

Fig. : Current in a circuit element

I1 I2 I I1 2 = –the direction in which a positive charge would move. Thus, the current
in the electric circuit is directed away from the positive terminal and
towards the negative terminal of the battery.
Electrons actually move through the wires in the opposite direction of current.

A current can be completely described by a value (which can be positive or negative) and a direction
(indicated by arrow).

For example, a current of 10 A may be represented as positively or negatively as shown in below figure.

10 A
–10 A

(a) (b)
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1.3.2 Types of Current

There are two kinds of current : Direct Current (DC) and Alternating Current (AC).

• Direct Current :Direct Current :Direct Current :Direct Current :Direct Current : A current that is constant in time is termed as Direct Current (DC).

• Alternating Current :Alternating Current :Alternating Current :Alternating Current :Alternating Current : A current that vary periodically with time is termed as alternating current (AC).

i

t

(a)

i

t

(b)

Fig. : (a) Direct current (DC)  (b) Sinusoidal current (AC)

1.4 VOLTAGE

To move the electron in a conductor in a particular direction requires some work or energy transfer. This

work is performed by an external electromotive force (emf), typically represented by the battery. This emf is also

known as voltage or potential difference. The voltage vab between two points a and b in an electric circuit is the

energy (or work) needed to move a unit charge from a to b; mathematically,

vab(t) =
dw
dq

...(1.3)

where w is energy in Joules (J), q is charge in Coulombs (C) and voltage vab is measured in Volts (V). It

is evident that

1 V1 V1 V1 V1 Volt = 1 Joule/Coulombolt = 1 Joule/Coulombolt = 1 Joule/Coulombolt = 1 Joule/Coulombolt = 1 Joule/Coulomb ===== 1 Newton-meter/Coulomb1 Newton-meter/Coulomb1 Newton-meter/Coulomb1 Newton-meter/Coulomb1 Newton-meter/Coulomb

Thus, voltagevoltagevoltagevoltagevoltage (or potential differencepotential differencepotential differencepotential differencepotential difference) is the energy required to move a unit charge through an element,

measured in Volts (V).

EXAMPLE : 1.4 An energy source forces a constant current of 2An energy source forces a constant current of 2An energy source forces a constant current of 2An energy source forces a constant current of 2An energy source forces a constant current of 2AAAAA for 10 for 10 for 10 for 10 for 10sssss to flow through a to flow through a to flow through a to flow through a to flow through a
lightbulb. If 2.3 kJ is given oflightbulb. If 2.3 kJ is given oflightbulb. If 2.3 kJ is given oflightbulb. If 2.3 kJ is given oflightbulb. If 2.3 kJ is given off in the forf in the forf in the forf in the forf in the form of light and heat enerm of light and heat enerm of light and heat enerm of light and heat enerm of light and heat energygygygygy, calculate the, calculate the, calculate the, calculate the, calculate the
voltage drop across the bulb.voltage drop across the bulb.voltage drop across the bulb.voltage drop across the bulb.voltage drop across the bulb.

Solution :
The total charge is ∆q = i∆t

= 2 × 10 = 20 C

The voltage drop is v =
32.3 10

20
w
q

∆ ×=
∆

 = 115 V

Voltage does not exist at a point by itself; it is always determined with respect to some other
point. For this reason, voltage is also called potential difference. We often use the terms
interchangeably.
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1.4.1 Reference Polarity for Voltage

–
b

+
a

vab

Fig. : Polarity of
Voltage Vab

Voltage is an energy level difference between the points and the polarity of the voltage
simply indicates which point has the higher energy level. Voltage polarities are typically indicated
on circuit diagrams by “+” and “–” signs as shown in below figure. “+” sign (or point ‘a’)
indicate higher energy level compare to “–” sign (or point ‘b’).

It follows logically that general

vab = –vba

vab = va – vb

For example, in figure we have two representations of the same voltage. In fig. (a), point a is +10 V above
point b. In fig. (b), point b is –10 V above point a.

–
b

+
a

10 V

(a)

–

b
+

a

–10 V

(b)

Fig. : Two equivalent representations of the same voltage Vab:
(a) Point ‘a’ is 10 V above point ‘b’.    (b) Point ‘b’ is –10 V above point ‘a’

Keep in mind that electric current is always through  an element and that electric voltage is always
across the element or between two points.

1.4.2 Types of Voltage

There are two kinds of voltages : Direct Current Voltage (DC) and Alternating Current (AC) Voltage.
• DC Voltage : A voltage that is constant in time is termed as DC Voltage.
• AC Voltage : A voltage that vary periodically with time is termed as AC Voltage.

1.5 POWER

If one joule of energy is expanded in transferring one Coulomb of charge through the device in one
second, then the rate of energy transfer is one watt.

Power, [P(t)] =
dw dq
dq dt

⋅  = v(t)i(t) ...(1.4)

We can say that power is simply the product of the voltage across an element and the current through the
element.

EXAMPLE : 1.5 Find the power delivered to an element at Find the power delivered to an element at Find the power delivered to an element at Find the power delivered to an element at Find the power delivered to an element at ttttt = 3 ms if the current entering its = 3 ms if the current entering its = 3 ms if the current entering its = 3 ms if the current entering its = 3 ms if the current entering its
positive terminal is positive terminal is positive terminal is positive terminal is positive terminal is i = 5 cos 60  = 5 cos 60  = 5 cos 60  = 5 cos 60  = 5 cos 60 πππππttttt     AAAAA and the voltage is: (a)  and the voltage is: (a)  and the voltage is: (a)  and the voltage is: (a)  and the voltage is: (a) vvvvv = 3 = 3 = 3 = 3 = 3i, (b) , (b) , (b) , (b) , (b) vvvvv = 3  = 3  = 3  = 3  = 3 dddddi /////dtdtdtdtdt.....

Solution :
(a)(a)(a)(a)(a) The voltage is v = 3i = 15 cos 60πt; hence, the power is
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p = vi = 75 cos2 60πt W

At t = 3 ms, p = 75 cos2 (60π × 3 × 10–3) = 75 cos2 0.18π = 53.48 W
(b)(b)(b)(b)(b) We find the voltage and the power as

v = 3 3 ( 60 ) 5sin 60
d

t
dt

= − π πi
= –900π sin 60 πt V

p = vi = –4500π sin 60πt cos 60πt W

At t = 3 ms, p = –4500π sin 0.18π cos 0.18π W = –6.396 kW

1.5.1 Passive Sign Convention for Power Calculation

Current direction and voltage polarity are important in determining the sign of the power. If current enters
into the positive (+) terminal then element absorbs the power and if current leaves from the positive (+) terminals
then the element delivers the power.

V+ –
I

P V = + I

V– +
I

P V = – I

(a) Power absorbed or power dissipated
or power received

(b) Power delivered

If the absorbed power P is negative, then the circuit element actually generates power or equivalently,
delivers power to the rest of the circuit. The power absorbed by an element and the power supplied by the same
element are related by

Power absorbed = –(Power supplied)

For example :
(i) The element in both circuit in figure has an absorbing power of +20 W because in both the cases

current enters from the positive terminal.

10 V

a

b

+

–

2 A

10 V

a

b

–

+

2 A

(a) (b)
(ii) The element in both circuit of figure has delivering power of +20 W because in both the cases

current enters from negative terminal.

10 V

a

b

+

–

2 A

10 V

a

b

–

+

2 A

(a) (b)

1.5.2 Law of Conservation of Energy

It states that “Energy can neither be created nor be destroyed, it can only be transformed from one form
to another form.”
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The algebraic sum of power in circuit at any instant of time must be equal to zero.

ΣP = 0 ...(1.5)

Thus, sum of the absorbed power is always equal to sum of delivered power in a circuit. So, we can write as

ΣPabsorbed = ΣPsupplied ...(1.6)

EXAMPLE : 1.6 Calculate the power supplied or absorbed by each element in figure.Calculate the power supplied or absorbed by each element in figure.Calculate the power supplied or absorbed by each element in figure.Calculate the power supplied or absorbed by each element in figure.Calculate the power supplied or absorbed by each element in figure.

20 V 0.2I

6 A

I = 5 A

+        –
12 V

p1 p3 8 V p4

+

–

p2

+
–

Solution :

We apply the sign convention for power shown in figure. For p1, the 5 A current is out of
the positive terminal (or into the negative terminal); hence,

p1 = 20 (–5) = –100 W absorbed power, i.e., 100 W supplied power.

For p2 and p3 the current flows into the positive terminal of the element in each case.

p2 = 12 (5) = 60 W Absorbed power

p3 = 8 (6) = 48 W Absorbed power

For p4, we should note that the voltage is 8 V (positive at the top), the same as the
voltage for p3, since both the passive element and the dependent source are connected
to the same terminals. (Remember that voltage is always measured across an element
in a circuit). Since the current flows out of the positive terminal,

p4 = 8 (–0.2I )
= 8 (–0.2 × 5) = –8 W absorbed power, i.e., 8 W supplied power

We should observe that the 20 V independent voltage source and 0.2I dependent current
source are supplying power to the rest of the network, while the passive elements are
absorbing power. Also

p1 + p2 + p3 + p4 = –100 + 60 + 48 – 8 = 0
The total power supplied equals the total power absorbed.

1.6 ENERGY

It is the ability or the capacity to do the work. The energy over a time interval is found by integrating the
power. The energy absorbed or supplied by an element from time 0 to t1 time is

w(t) =
1

0

( )
t

P t dt∫  Joule/Watt-second ...(1.7)

The electric power utility companies measure energy in watt-hours (Wh), where

1 Wh = 3600 J
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NOTE : The electric bill that we pay to electric utility companies is paid for electric energy consumed over a
certain period of time.

EXAMPLE : 1.7 How much energy does a 100 W electric bulb consume in two hours?How much energy does a 100 W electric bulb consume in two hours?How much energy does a 100 W electric bulb consume in two hours?How much energy does a 100 W electric bulb consume in two hours?How much energy does a 100 W electric bulb consume in two hours?

Solution :
w = pt = 100 (W) × 2 (h) × 60 (min/h) × 60 (s/min)

= 720000 J = 720 kJ
This is the same as w = pt = 100 W × 2h = 200 Wh

1.7 CIRCUIT ELEMENTS

An element is the basic building block of a circuit. By definition, a simple circuit element is the mathematical
model of a two-terminal electrical device, and it can be completely characterized by its voltage-current relationship;
it cannot be subdivided into other two-terminal devices.

For example,
• If the voltage across the element is linearly proportional to the current through it, then element is

called as a rrrrresistoresistoresistoresistoresistor.

• If the terminal voltage is proportional to derivative of current with respect to time, then element is
called as a inductorinductorinductorinductorinductor.

• If the terminal voltage is proportional to integral of current with respect to time, then element is called
as a capacitorcapacitorcapacitorcapacitorcapacitor.

• If the terminal voltage is completely independent of current, or the current is completely independent
of voltage, then element is called as an independent sourceindependent sourceindependent sourceindependent sourceindependent source.

• The element for which either the voltage or current depend upon a current or voltage elsewhere in the
circuit; such elements are called as dependent sourcedependent sourcedependent sourcedependent sourcedependent source.

1.7.1 Classification of Network Elements

Active and Passive Elements
• Those devices or components which produce energy in the form of voltage or current are called

Active Components. E.g., diodes, transistor.

• Active components is also called as Energy Donor. They do not require an external and conditional
source to operate in the circuit. They have gain more than 1. So, they can amplify the signal. These
circuit components can control the flow of current through the circuit.

• Those devices or components which store or maintain energy in the form of voltage or current are
known as Passive Component. E.g., Resistor, Capacitor, Inductor etc. Passive components are also
called as Energy Acceptor. Passive components requires an external and conditional source to
operate in the circuit. These components are incapable of providing any gain in energy and current.

• The transistor provide power gain so they are active element, but transformer have
same power at input and output they are not active element.

• The active element should be able to provide power/power gain to the circuit for infinite
duration of time, that is why the charged capacitor or inductor are not active elements.
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i = AVx

(a)

i i = A x

(b)

V = AVx

(c)

V ix = A

(d)

+
–

+
–

Fig. : The four different types of dependent sources
(a) A current-controlled current source (b) A voltage-controlled current source
(c) A voltage-controlled voltage source (d) A current-controlled voltage source

• A different symbol, in the shape of a diamond, is used to represent dependent sources.
• Dependent sources are very useful in describing certain types of electronic circuits.
• A dependent source may absorb or supply power.

5 A

2 A

6 V 1 A

3 A

5I0V0
15 V

I0 = 1 A

+

+

+ 14 V

+
–

–

–

–

Q.3 For the circuit element shown in figure voltage
and current are given as

v(t) = 200e–50t sin 150t V and

i(t) = 10e–50t sin 150t A

i( )t
+

v t( )

–

The power absorbed by the element at t = 20 ms
(in watts) is _____.

Q.4 If q = (10 – 10e–2t) mC, the current at t = 0.5s is
_____ A.

Q.1 In the figure shown below, when 12 coulombs of

charge passes through the element from A to B,

the energy absorbed by the element is 60 J. The

voltage V across the element is _____.

A

B

V

+

–

(a) 5 V
(b) –5 V
(c) 10 V
(d) –10 V

Q.2 In the circuit shown in figure, voltage V0 is ______
Volts.
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Q.5 In an electron beam in a TV picture tube carries
1013 electrons/second and is passing through
plates maintained at a potential difference of
30 kV, the power in the beam is _____ mW.

Q.6 Which of the following amount of electrons is
equivalent to –3.941 C of charge?
(a) 1.628 × 1020 (b) 1.24 × 1018

(c) 6.482 × 1017 (d) 2.46 × 1019

Q.7 A circuit consisting of four circuit elements is
shown in the figure below. The voltage drops and
polarity are indicated in the figure.

P Q

S R

V4 e4

e1

V1

6 V e2

–

 

+
–

+

–                     +

–                     +

e3 

– 4 V
It is given that VPQ = 8 V, then what are the values
of V1 and VQR?
(a) 8 V, 6 V (b) –8 V, 6 V
(c) –8 V, –6 V (d) 8 V, –6 V

Q.8 Match List-I (List-I (List-I (List-I (List-I (VVVVV, , , , , I))))) with List-IIList-IIList-IIList-IIList-II (Power absorbed(Power absorbed(Power absorbed(Power absorbed(Power absorbed
or supplied)or supplied)or supplied)or supplied)or supplied) for the element shown in figure and
choose the correct answer using the codes given
below the list.

V

I+

–

List-IList-IList-IList-IList-I List-IIList-IIList-IIList-IIList-II
A.A.A.A.A. V = 5 V, I = 3 A 1.1.1.1.1. 15 W, supplied
B.B.B.B.B. V = 5 V, I = –3 A 2.2.2.2.2. 16 W, absorbed
C.C.C.C.C. V = –8 V, I = 2 A 3.3.3.3.3. 15 W, absorbed
D.D.D.D.D. V = –8 V, I = –2 A 4.4.4.4.4. 16 W, supplied

Codes:Codes:Codes:Codes:Codes:
AAAAA BBBBB CCCCC DDDDD

(a) 1 3 2 4
(b) 1 3 4 2
(c) 3 1 4 2
(d) 3 1 2 4

Q.9 The current through and voltage across the
element shown in Figure are given as v(t) = 4
cos 3t V, i(t) = 5 sin 3t A.

V t( )

i( )t

Consider the following statements:
1. The maximum value of power absorbed is

10 W.
2. At t = 0.5 sec, element absorbs power.
3. At t = 1 sec, element delivers power.
Which of the above statements are true?
(a) 1 and 3 (b) 2 and 3
(c) 1 and 2 (d) 1, 2 and 3

Q.10 In the circuit shown below, if dependent source
supplies 16 W of power, then the 24 V source

+

+

Ix

Ix

24 V

Ix
Ix

4Ix 12 V

20  V

+
–

–

–

(a) Supplies 48 W of power
(b) Absorbs 48 W of power
(c) Supplies 96 W of power
(d) Absorbs 64 W of power

Q.11 Let Pi denotes the power absorbed by element
ei in the following circuit. If P1 = –210 W,
P2 = 45 W, P4 = 50  W and P5 = 20 W then
element e3

e1

e2 e4

e5e3

(a) receives 325 W (b) delivers 95 W

(c) receives 95 W (d) delivers 325 W

Common Data Questions (13 to 14):

In the electric circuit shown in Figure, voltage V0 and
current I0 are related as follows
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2
0 0

0
0

25 , 0 5
0, 5

v
 − ≤ ≤= 

≥

I I
I

Source Load

I0

V0

+

–

Q.12 The power absorbed by the load when I0 = 3 A
and I0 = 4 A are respectively
(a) 16 W, 9 W (b) 64 W, 27 W
(c) 48 W, 36 W (d) 66 W, 84 W

Q.13 The value of current I0, such that power absorbed
by load is maximum, will be
(a) 2.88 A (b) 5 A
(c) 1 A (d) 1.69 A

Q.14 In the circuit shown below, which of the following
sources are being charged?

3 A

– 6 A

10 V

10 V

4 A

6 V – 1 A

4 V

+–

+
–

+
–

– +

(a) 6 V, 4 V and 10 V source
(b) –1 A and –6 A source
(c) 6 V and –1 V source
(d) 4 V and 10 V source

Q.15 The voltage source VS in the figure

6 V

8 V

6 A

9 A 16 V

VS

3 A

3 A

10 V

(a) supplies 48 W (b) absorbs 216 W
(c) absorbs 48 W (d) supplies 216 W

Q.16 The current in an ideal conductor is plotted in
the figure below. How much charge is transferred
in the interval 0 < t < 6 sec (in C)?

1 2 3 5 6 7 8 9

1
2
3

0

– 2
t( )sec

i( ), At

4

Q.17 An automobile battery is charged with a constant
current of 4 A. The terminal voltage of the battery
is v(t) = 10 + 2t V, where t is in hours. The amount
of energy (in kJ) is delivered to the battery during
3 hours is ______.

1. (a) 2. (9) 3. (5.39) 4. (7.358)

5. (48.06) 6. (d) 7. (b)

8. (c) 9. (d) 10. (a) 11. (c) 12. (c)

13. (a) 14. (b) 15. (a) 16. (Sol)

17. (0.5616)

1. (a)

Charge flow, Q = 12 C
Energy absorbed,

E = 60 J

i

B

A

V

+

–

(as direction of
current is opposite
to charge)

Voltage, V =
E
Q

   ⇒   
60
12

 = 5 V

2. (9)

V1 = 14 V
(as connected in parallel across 14 V)
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+
–

+

–

5 A

15 V

6 V+ –

3 A

Vo
5Io

–
+

2 A+ –Vt

14 V+ –

1 A

1 AIo ⇒

From conservation of energy
15 × 5 + 5Io × 2 = 5 × 6 + 3Vo + 14 × 1 + V1 × 1
as Io = 1 A
⇒ 75 + 10Io = 30 + 14 + 14 + 3Vo
⇒ 85 – 30 – 28 = 3Vo
⇒ Vo = 9 V

3. (5.39)

Given : V(t) = 200e–50t sin(150t) V
i(t) = 10e–50t sin(150t) V

Time, t = 20 ms

V t( )

i( )t
+

–

Power absorbed,
P = V(t)i(t)

⇒ P = (200e–50t sin 150t)(10e–50t sin 150t)
⇒ P = 2000e–100t sin2 150t

⇒ 320 10tP −= × = 2000e–100×20×10–3 ×

sin2 (150 × 20 × 10–3)

⇒ 20 mstP = = 5.39 W

4. (7.358)

q = (10 – 10e–2t) mC
Time, t = 0.5 s

Current, i =
dq
dt

⇒ i|t=0.5 = 
0.5t

dq
dt =

= 2

0.5

(10 10 ) mAt

t

d
e

dt
−

=
−

⇒ i|t=0.5 = 2

0.5
20 mAt

t
e−

=
 = 20e–1 mA

⇒ i|t=0.5 = 7.358 mA

5. (48.06)

Given :

Charge flow per second, q = 1013 electrons/s

Potential difference, V = 30 kV

Current in ampere,

I = qe A = 1013 × 1.602 × 10–19 A

⇒ I = 1.602 × 10–6 A = 1.602 µA

Power in the beam,

P = VI
⇒ P = 30 × 103 × 1.602 × 10–6 = 48.06 mW

6. (d)

Charge, Q = –3.941 C
Number of electrons,

n =
Q
e

where e is electronic charge.

⇒ n = 
19

3.941

1.602 10−×
 = 2.46 × 1019 electrons

7. (b)

From conservation of energy :
V1P Q

RS

– +

+ ––4 V

e1

e2

e3

e4V1

–

+

64

+

–

I

V1I + e3I = e2I + e4I
(considering I as shown in figure)

⇒ V1 + e3 = e2 + e4
⇒ V1 – 4 = 6 + e4
⇒ V1 – e4 = 10 V and e2 = VQR
⇒ VQR = 6 V

VPQ = 8 V = –V1   ⇒   V1 = –8 V

8. (c)

I

+

–

V

 




