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3.4 Power and Energy
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Power is the time rate of absorbing energy,

measured in watts (W).

— Vi

p= aw w = energy (J), £ = time (s)
dr
_dw  dw dg o
P="ar " dq dr > P

v i
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dg) \dt

P = Vv (instantaneows poiwer)
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Passive sign convention is satisfied when the current enters through the
positive terminal of an element and p = + vi. If the current enters through the
negative terminal, p = - vi.

3A

4\

Fig. 1: Cases of absorbing power
(p =12 W; Element absorbs 12 W)
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+Power absorbed = - Power supplied
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Fig. 2: Cases of supplying power
(p=-12 W; Element supplies 12 W)
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Example 3.4

An energy source forces a constant current of 2 A for 10 S to flow through a
light bulb. If 2.3 kJ is given off in the form of light and heat energy, calculate
the voltage drop across the bulb.

Solution: A - gl bl
v = A
Ag 2 i=2A
The total charge 1s At=105
Aw = 2.3 Kj

Ag = iAft= 2 X 10 = 20C

The voltage drop 1s

Aw 2.3 x 10° s v
v = == — 5
Ag 20
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Practice Problem 3.4

To move charge q from point a to point b requires -30 J. Find the
voltage drop v,, if: (a)q=2C, (b)q=-6C.

(a)-15V, (b) 5 V.
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Example 3.5

Find the power delivered to an element at t = 3ms if the current
entering its positive terminal is:

i= 5cos60mtAandthe voltage is:

(a) v =3i. (b)v= 3di/dt.

Solution:
(a) The voltage 1s v = 3i = 15 cos 60m¢: hence, the power 1s
p =vi = T75cos> 60wt W
At = 3 ms,

p = T75cos” (607 X 3 X 1077) = 75cos” 0.187 = 53.48 W
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(b) We find the voltage and the power as

d
U= 3{1':‘ = 3(—60m)5 s 60wt = —900m7m s 607V
p =vi= —45007 sin 60wt cos 607t W

At r = 3 ms.

p = —4500 sin 0.187 cos 0. 187 W

= —14137.167 sin 32.4% cos 32.4° = —6.396 kKW
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Practice Problem 3.5

Find the power delivered to the element in Example 1.5 att=5 ms
if the current remains the same but the voltageis: (a) v=2iV,

Answer: (a) 17.27 W, (b) 29.7 W.

(b) v = (m + 5 ’ m?r) W,
ul::l P
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Example 3.6

Solution:

w = pr 100 (W) = 2 (h) < 60 (mun/'h) > 60 (s/min)

7200007 = 720 k]

This 1s the same as

w = pr= 100 W > 2 h = 200 Wh
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Practice Problem 3.6

A stove element draws 15 A when connected to a 240-V line.
How long does it take to consume 60 kJ?

Answer: 16.667 s.
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3.5 Circuit Elements bl alic
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An ideal independent source is an active element that

provides a specified voltage or current that is completely
independent of other circuit elements.

An ideal dependent (controlled) source is an active

element in which the source quantity is controlled by
another voltage or current.
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Svmbols for independent voltage sources:
(a) used for constant or time-varyving volt-
age. (b) used for constant voltage (dc).

Svmbol for independent current source.
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Syvmbols for: (a) dependent voltage source,
(b) dependent current source.
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Figure 1.14
The source on the nght-hand side 15 a

current-controlled voltage source.
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Example 3.7

Calculate the power supplied or absorbed by each element in
Fig. 1.15. F_saA  Da

— -
| av |YeA
- -+

20V IZ)m P3 8V Pa 021

Fig. 1.15

Solution:

For pi. the 5-A current i1s out of the positive termunal (or into the
negative ternunal): hence.
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p1 = 20(—35) = —100W Supplied power

For p> and pi;. the current flows into the positive termuinal of the ele-
ment i each case.

12(5) = 60 W Absorbed power
8(6) = 48 W Absorbed power

P2
P3

For p4. we should note that the voltage 1s 8 V (positive at the top). the

‘same as the voltage for p;. since both the passive element and the
dependent source are connected to the same termunals. (Remember that
voltage 1s alwavys measured across an element 1in a circuit.) Since the
current flows out ot the positive termanal.

Pa = 8(—02I = 8(—02 X 5)= —8W Supplied power
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We should observe that the 20-V independent voltage source and

0.2] dependent current source are supplving power to the rest of

the network. while the two passive elements are absorbing power.
Also.

ppr+py+py+pyg= —100+ 60 + 48 — 8 =0

the total power supplied equals the total power absorbed.
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Practice Problem 3.7

Compute the power absorbed or supplied by each component of the
circuitin Fig. 1.16.

Answer: pl=40W,p2=16 W,p3=9W,p4=15W

8 2N I=5A
—— —
‘)
+__Fr-"'

134

+ +
SN 2 23 <"> D.6f Pa IV

Figure 1.16

11 November 2020 Dr. Ghada Aldahim

25



3.6 Summary

1. An electric circuit consists of electrical elements connected together.
2. The International System of Units (SI) is the international measurement language, which enables engineers to communicate
their results. From the six principal units, the units of other physical quantities can be derived.

3. Current is the rate of charge flow. ; _ dq
dt .
4. Voltage is the energy required to move 1 C of charge through an element. © = 7 '
d
5. Power is the energy supplied or absorbed per unit time. It is also the product of voltage and current. p = Trﬂ = Vi
t

6. According to the passive sign convention, power assumes a positive sign when the current enters the positive polarity of the
voltage across an element.

7. An ideal voltage source produces a specific potential difference across its terminals regardless of what is connected to it. An
ideal current source produces a specific current through its terminals regardless of what is connected to it.

8. Voltage and current sources can be dependent or independent. A dependent source is one whose value depends on some
other circuit variable.

9. Two areas of application of the concepts covered in this chapter are the TV picture tube and electricity billing procedure.
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END OF LECTURE
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