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The resistance of the toaster is

Vv __115volts _ 439 ohms.
R =7 = 8.7 amperes

The energy converted in kilowatt-hours 18

: | — pour
£ =1 kilowatt x 2 minutes X L eaTqtes

= 0.033 kilowatt-hour

=0.033 kWh.

i ovide the voltage for forcing

Compatnl;l:sutgh}ff)f: appliances are often refe:-rheaci

ie;gr;onvsver companies. It is bempnnf t’Fh i:;p::: that

i wer, They are not. .

' if:.hey ;i;rmc‘:’g:g;s this is not obvious but a httlg

or € . )
uld convince you. | _
tho;ﬁ:fei];:the rate of converting energy. A 100-watt

light bulb requires enersy at a rate of 100 joules per

second regardlei?:peration depends on how long the

‘:E;, i:]:{ii cﬁiﬁg Eq. 4.5 it follows that energy, power,

and time are related by
~ energy =power X time,

W=Pt.

i iplied by a unit of time
t of power multiplie L
S? lzya uu;_:t of energy. Watts (or hlowattszta}?dioﬁi
o its of power and time. Th-e watt-hour (
e uni:t'-hoi:r) ss aunit of energy. Itisalittle pt:,-cl.‘.1 hthare
tﬂov:;e the units of time (hours) do not cance

ecal

time units of seconds in power.
W= P (watts) x ¢ (hours)
_poules . ¢ hours).
=% gecond

Note
the units of seconds.

Al r requirements for several
Takle 44 iste Ve p(;;:ie that those involving the

of heat require the most

household appliances‘; 2

i moval ‘
gﬁiaﬁiszrd::m tend to have low resistance.
p .

The energy CORSUmMe

of how long it is turned on. How-

carefully that the units of hours do not cancel

d by a 1100-watt (1.1

i:ilowatt) toaster for 1 hour would be
- E = 1.1 kilowatts x 1 hour=1.1 kWh.

Tn 1987 residential consumers paid an average of
7.8 cents per k¥Wh for electric energy. At the ave;age
p.rice the cost of operating the toaster for one hour

would be

cents
Cost=1.1 kWh X 7.8 Wb 8.6 cents.

: 4.4
gﬁfﬁeqﬁirements (in watis) of Some

Common Household Appliances

’
__——-_____—-—_—____________

APPLIANCE _ POWER (watts}
Cooking range (full operation} 12,000
Heat pump 12,000
Clothes dryer 2,!;(:)2
Oven .
Water heater _ 2,500
Air conditioner (window) _ 1,600
Microwave oven 1,500
Broiler ?.400
Hot plate 1,250
Frying pan 1,200
Toaster | 1,100
Hand iron 1,000
Electric space heater 4,000
Hair dryer ' 1,000
Clothes washer 500
Televison {colot) 330
Food mixer j30.
Hi-fi stereo 100
Radio 70
Razor 14
Toothbrush

Clock

2
e ——

4.7 Electrical Shock

A train approaching a crossing of the track with a
highway actuates a switch that causes a gate to block

cars from crossing the track. An electrical signal has

triggered a mechanical operation, Analogous opera-
tions occur in the human body. A visual signal stimu-
lates electric currents that travel to the brain, where
electrical signals are transmitted to an arm, which
causes the arm to flex. Respiration, muscular ac-
tivity, and beating of the heart are all controlled
electrically. Both an electrically operated train warn-
ing system and the human electrical system can be
damaged by excessive electric currents. For the
human system the most susceptible parts are the
brain, the heart, and the chest muscles and nerves
that control respiration.

A current is produced in the body whenever a
voltage appears between two parts of the body. The
size of the current depends on the voltage and resis-
tance between the two points. When the skin is dry
the resistance is appreciable, around 100,000 ohms.
But if the skin is moist the resistance may drop to
around 1000 ohms. One thousand ohms connected to
the common household voltage of 115 volts produces

-a current of about 0.1 ampere. One-tenth of an

ampere is small compared to the current in a desk

lamp. But one-tenth of an ampere in a2 human heart

would likely produce uncontrolled stimulation of the
heart muscles, resulting in no blood being pumped.
This effect, called ventricular fibrillation, persists
even after the electric current is removed.
Ventricular fibrillation seldom stops of its own ac-
cord. It takes only a couple of minutes for ventricular

*_ fibrillation to weaken the heart muscles to the point

where the normal operation of the heart cannot be

; - restored and death results. Interestingly, one method

of defibrillating the heart is to'pass a large current of

o about 10 amperes through the heart for a few
-+ thousandths of a second.

Irregular bresthing and respiratory paralysis may

 result from electric currents in the body in the range
~0f0.02 to 0.1 amperes. Respiratory paralysis is usual-
ly treated by artificial respiration. Electric currents
- of a few thousandths of an ampere in the hand will
cause the finger and hand muscles to contract. If the
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source of the voltage is in the palm or fingertips, the
hand clamps onto the source and the victim cannot
let go. If for some reason a person must touch a wire
to see if it is “hot,” this should be done with the back
of the hand. Then, when the muscles contract, the
fingers pull away from the source rather than toward
it. Lest you take offense at this morbid discussion,
realize that about 2000 people are electrocuted each
year in the United States,

4.8 Magnetic Force and
Magnetism

We have discussed electric current and the idea that
an electrical “pressure” is required to establish cur-
rent. Nothing has been said about how the power
company generates the pressure, or how it is trans-
mitted to homes and factories. To understand this
important aspect of producing electricity we must
grasp some fundamentals of magnetic force and mag-
netism.

Magnets are as useful as they are fascinating,
They hold notes on the kitchen refrigerator.
Homeowners use magnets to hold quilted window
insulation in place. For centuries navigators have
relied on magnetic compasses to find their way,
Materials containing iron are attracted to magnets,
A magnet is attracted to a refrigerator door because
the door has some iron content. Most metal paper
clips contain iron and are attracted to a magnet.

‘Either end of a magnet such as in a compass- will
attract a paper clip, But there is a relatively broad
region between the ends that will not attract a paper
clip. The magnetic properties of a magnet are con-
centrated near the ends. Years ago these regions were
labelled as poles. The earth possesses magnetic poles
located near the north and south. geographic poles, If
a pole of a magmet is placed near the poles of another
magnet it will be attracted to one pole and repelled
by the other pole (Fig. 4.5). We describe the fun-
damental difference between the two poles by calling
one N and the other S. An N pole is the pole of & freely
suspended magnet, such as a compass, that points

. toward the geographic north pole. The tip labeled N

on a compass needle is an N magnetic pole. Any other
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URE 4.5 .
flcll"e of a magnet is attracted to one of the polr-,eisae of a nearby
rnap;net but is repelled by th_at magnet's opposite pole.

|f these two poles

w\ltlract each other,

/th:n these two poles

will repel each other

olé repelled by an N pole is itself an N pole, and any
l:.olc.a attracted by an N pole is an Spole. - .
P Ordinarily, metal paper clips do m:l b:havlt; e
magn , iz y placin
ts. But they can be magne :
them Zcross the poles of a magnet. Once magnlet}zeci
they behave like other magnets. Auseful mode! ;lew
u:rjcrtagnetized iron as having a vast number 0 ?ny
tomic magnets oriented af random. 'I"he t.affect o 11:3
I:a;j:m:nic-um.gnet pointing in one direction 13 mnoe_te
by another atomic magnet pointing exactly opposxbel.-
Consequently, the randomness of the large !m:;f ber
of atomic magnets produces no net magnetic _
ig. 4.6). - . )
(FlgWhexi & magnet is brought near unmagn;l:z:i
iron (Fig. 4.7), the poles of the at';omlc magn s o
jence a magnetic force and ahgn The retp; 1
?::lce between S poles causes atomic magnets 5:1
with their S poles away from the Spole of the magn¢ é
Inside the iron, adjacent N aninsf’l pglles niesutra]:zan ize
ir magnetism. But at one ere is
14;;:1:;;rulat;iu1:1 of N poles, and at the opposite ePi;‘;fzz
is an accumulation of S poles, Theunmagnetiz iron
ignow magnetized andis attracted tothemagne

URE 4.6 -
FIG netized bar of ironis viewed as containing a vast n:?‘ab;;cg
g::?;ia\?oriented tiny magnets. The magnetism of any on

is canceled by neighboring magnets having different gnentauon.

E R

FIGURE 4.7

ized iron is brought nearam
hen unmagnatizedironisb ;
:\lglgjnthe tiny magnets intheiron, leaving the

agnet, magnetic forces
ironwith'Nand S poles.

magneti iron-based
i etism. In some types of iron
ﬂgeoefn:l;hethe magnetism remains long after the
i i et is removed.

md:;&_::;gpr;le;ail; of magnetized iron make small com-
passes. Sprinkle these bits on a glass p}atg oove::ig—
a magnet and almost jeally they align in a 8 :
ingly symmetric pattern (Fig. 4.8). The space aroun

the magnet seems to be filled with something in- .

iner the bits of iron to align. We say.thert_e isa
m field around the magnet. T_he mag:;ﬂazyd
lines along which the bits of iron align e:r; called
magnetic field lines. The direction assumed DY he ™
pole of a bit of iron determines the direction o

e 4.8:%nk!ed near a magnet align along the magnetic
i i s - 0] -

Pnl‘c,i tl?:seso;f"ao r:nar;ne'c. Here you see the projection of tl;t: ;):;hg::

t:fe bitls of iron sprinkled on top of a glass plate resting

bar magnet. :

FIGURE 4.9

{a) A computer-generated sketch of Albert Einstein. (b) The niagnelic field fromau
the computer screen and distorts Einstein's image. Don't do this experiment

rnisalignment of the color projection apparatus.

e

a) ' f @

4.8 Magnetic Force and Magnetism 65

-shaped magnet interacts with efectrans streaming toward
with a color television: the magnetic fisld can produce

magnetic field line at the position of the bit. Although
there is nothing material about a magnetic field line,
it is a useful model to visualize a magnetic field as
being filled with magnetic field lines. If a wire moves
in a magnetic field, we say the wire “cuts” the mag-
netic field lines. ‘

Images on a television set are produced by
‘electrons impacting with the screen. If you place a
magnet near the face of a black-and-white television
set or computer monitor, the picture distorts (Fig.
4.9), The distortion results from an interaction of the
moving electrons with a magnetic field produced by
the magnet. As a general principle, any moving
charge “cutting” magnetic field lines experiences a
magnetic force. In Fig. 4.10, magnetic field lines are
directed downward from the N pole to the S pole. A
wire moved horizontally in the magnetic field “cuts”
the magnetic field lines, and all charges in the wire
experience a force by virtue of moving in a magnetic
field. However, only the free electrons acquire motion
in the wire. If the ends of the wire are connected to a
light bulb, for example, an electric current is

produced in the circuit. Had the wire been moved
vertically parallel to the magnetic field lines there
would have been no current in the circuit. Work done
by the agent moving the wire accounts for the energy
acquired by the electrons. This is the principle of an
electric generator such as you might find on a bicycle
or in an electric power plant. On a bicycle generator
the agent moving the wire is a wheel rotating wires
mounted on the shaft of the generator. A large steam
turbine is the agent in an electric power plant.

We have illustrated the generator principle by
holding a magnet fixed and moving the wire in the
magnetic field. A current would also be produced if
the wire were held fized and the magnet moved. As
long as the wire “cuts” the magnetic field lines, a
current results. - '

* If the wire moves in a direction opposite to that
shown in Fig. 4.10, the electron current changes
direction. Cutting magnetic field lines with an oscil-
latory motion produces a current whose direction
alternates. Such a current is called an alfernating
current (AC). The current produced by a battery (Fig.
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. ¢ Energy a-d) Principle of operation of
. an AC .
thg magnet. The slip rings rotate withgtf)r;eéa%m' A current devglo;;s in the rotating coil when it m
) ) ) a light bulb or a motor. (e} A plot of inducedoé and make electrical contact with the brushes that a::,sv es thiough the magnetic field created by
. FIGURE 4.10 instantaneously moving parallel to the magnetic field the two directions of charge urrent in the fotating coil of an AC gen o are Connected 10 an electrical device s
y g rge flow, The letters (4, B, C, D) : generator. Positive and negat uch as
» B, C, D)on the horizontal axis refer to the coil positions de%igr‘:gtggrrbems are‘u;; od to distinguish
: by parts {a}. (b}, {e). and {d).

A current is gstablished ina v;iirc_e wheh? u}: moves ina magn:gp field lines. At thisinstant there is no current in the circuit.
o etk s [hewisesTomdie | Asthe oopolates hesegnonts Mg SIS L
current results. : magnetic field lines and a current develops in the
i e : ' circuit. When the portion of the loop designated Ahas

e rmoved down to the position shown in Fig. 4.12b, it
instantaneously is moving perpendicular to the mag-

netic field lines. In this position the electron current

is at maximum and has the direction shown by the

Wire is forced arrows in the loop, The electron current decreases to
through magnetic field zero when the coil reaches the position ghown in Fig.
4.12c. As the coil rotates further, the electron current

increases but also changes direction. It reaches max-

N!agnetic field
direction -

Magnetic field lines

are directed
espoe e creating imum when the coil achieves the position shown in
current Fig. 4.12d. Finally the electron current drops to zero Clockwise
when the coil returns to the initial starting position. rotation Slip rings
A plot of electron current versus position of the coil, ' Electri .
or equivalently time, since the position depends on e "f;;:i :ue[\gée such Arrow indi o
: _ - time, is shown in Fig. 4.12e. | | of atctron low "
4.11a) is called direct current (DC) because the charge When a toaster, for example, is plugged into an ‘ (a}
(b}

flows in one direction only. AC household outlet, the current produced in the
' ' wires of the toaster continually changes in size and
direction. Nevertheless, the current causes the

Coil position
{or time)

4.9 Electric Generators

A practical electric generator contains a coil of wire _
that is rotated in a magnetic field. To understandthe  FIGURE 4.11

operation, let us examine a single loop as shown in {a) When a device such as a light bulb is connected to a battery,
electrons flow out of the negative {-) terminal, through the device,

Fig. 4.12. Metallic slip rings are bonded to the ends t u ) - C v
and into the positive{+)terminal. This type of current is called direct

of the wire loqp. ’.I‘he brushes are metal contacts current and is denoted DC. {b) When a device such as a light bulb
touching the slip rings mounted on the shaft of the is connected to an AC household outlet, electrons oscillate back and

rotating coil. The coil, slip rings, brushes, and con- forth in the conductors.
nected electrical device form an electrieal circuit for
a current. The magnet produces a magnetic field
whose field lines are directed from the N pole to the
S pole. Only the sides of the loop labeled A and B are
able to “cut” magnetic field lines. The two segments
of the coil labeled A and B always move in opposite
directions. Accordingly the current is always in op-
posite directions in these two segments. The maxi-
mum current results when the wires move
perpendicular to the magnetic field lines. There isno
current in the circuit when the wire segments move
paraliel to the magnetic field lines. When the segment
designated A is at the top of its rotational path, it is
moving horizontally to the right. Because the mag- . {a} : : {b)
netic field lines are directed to the right, the wire is -

Electron flow t I

Toac
- household
outlet
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i warm. Otherwise we wou‘ld not be
gﬁzt:; vt:::: ’;:ead A household voltage is us:atlklg
quoted as 120 volts even th_oug.h we k'li‘cl):s 1;11;%  the
voltage is continually changing In size. is 120-volt
rating means that the voltage is as e c:ed ve at
producinghiest o5 & PG label on a Heht bulbis the

20-vo

Z?fa:ct:il;e’frl:ut of an AC voltage needed to power the
bullz. generator that provides electricity Hf;; :h };e;;ié
lamp on a bicycle functions very mu‘chal e the one
illustrated in Fig. 4.12. Mechanllc en t;g_t,;lml
provided by the bicycle wheel 1'u‘t?b1nghagamsmwr

ting a shaft connected tothe coil of the gene :
I’Fl:: magnetic field is provided by a magnet. A gener
ator like this produces about 5 watts‘ of electn.c—powerr.
While the generator in a couu:t;:;:‘mcleja:~1 Zﬁdeft:n
plant is enormously larger in phys ind often

billion watts of electric power, th

g;;dslil:aispiinciple is the same. The.com;nermal g.e;i
erator uses a steam turbine for the input mechani

FIGURE 4.13

(a) A ribbonlike metal stri
ard the north geograpr
;%\El created by the electric current.

die. With no
is located above the compass need !
pl-:isc[pme. {b) With sufficient current in the strip,

i i coil with a circul-
energy and a massive stationary :
atingwelectric current to provide the magnetic field.

4. 10 Transformers

enerator and a battery both deliver energy
fsﬁiihings as light bulbs connected to them: Iflz
light bulb requires 12 volts1 :mdt yoigl;v;ﬁ% ﬁtgto
v that can provide 2 volts, it is
ziztf}g lt)];ttery 1:(1: power a device that can ch.angf 1;1:1e
voltage from 2 to 12 volts. IfACvoltages areinvolved,
it is reasonably easy to tailor voltages msmgl an ap-
aratus called a transformer. ‘I‘ra_nsformers play very
i rtant roles in the transmission of electric power
lmgoin adapting voltages for industrial a'nd household
zes. The transformer principle is stralghtforward:

Figure 4.13a shows a compass below a metal stnlp
in which there is no current. As expected, tl:le N ;;(;he
of the compass points tow‘ard geog_raphlc north.
When current is established in the strip the compass

needle rotates and aligns perpendicular to the strip

electric current in the strip the needie aligns withits N ;oal‘e r:;g":l, 2,?:
the needie orients perpendicular to the stiip because

(Fig. 4.13b). The current in the strip has produced a
magnetic field, and the compass needle aligns in the
direction of a magnetic field Jine at the position of the
compass. Thedrawing in Figure 4.14 shows the shape
and direction of one of the magnetic field lies,
Changing the battery connections reverses the cur-
rent direction as well as the direction assumed by the
compass. Reversal of the compass signals a change in
the direction of the magnetic field line, If the battery
that produces a current in only one direction is

replaced by an AC voltage, the current changes direc- -

tion periodically and the magnetic field lines change
accordingly. If a loop of wire is placed in this changing
magnetic field, an alternating current develops in it
because, as they change, the magnetic field lines
“cut” the wire of the loop. It is just as if the magnetic
field lines were putin motion by moving a magnet.-
This principle is used in transformers to change the
size of an AC voltage. The little black box you often
see connected to an electrical outlet and to a portable
computer to recharge the computer’s battery is a
transformer that reduces the outlet voltage from 115
volts to around 12 volts. '

A transformer has two distinet coils of wire wound
onto an iron core (Fig. 4.15). One of the coils, called
the primary, is connected to an AC voltage such as at
the outlet in a house. The other coil, called the secon-

FIGURE 4.14 :

An ordinary compass used 1o determine the presence and direction

. of amagnetic field around a current-carrying wire. If the direction of

the current is changed, the compass needle will point in the op-
posite direction.

S

Compass
‘needle

ST

Electron flow
i
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dary, is connected to an electrical device such as a
light bulb. The AC current in the primary coil
produces magmetic field lines that are guided into the
secondary coil by the iron core. The interception of
the magnetic field lines by the secondary coil
produces a current in the secondary coil. Experiment
shows that the ratio of the primary and secondary
voltages is equal to the ratio of the number of turns

of wire in the primary and secondary coils of the
transformer. In symbols

¢

Yo _Ns
Vo~ Ny . 4.6

To see the uﬁlity of the transformer, let us use Eq.
4.6 to relate the primary and secondary voltages by
. N, .

Door chimes in houses often require 6 volts for their
operation. Suppose the voltage available at an outlet
is 120 volts. If a transformer has twenty times more
turns on the primary than on the secondary so that
N, IN, = 1/20, then the secondary voltage will be 6
volts when the primary voltage is 120 volts. The
primary is connected to the available 120 volts and
the secondary is connected to the chimes, _ '
The secondary of a transformer delivers electric
power to whatever is attached to it. This electric
power has its origin in the source connected to the
primary. Conservation of energy prohibits obtaini
more power in the secondary than was supplied in
the primary, Transformers tend to warm, indicating
that some of the power supplied in the primary ap-
pears as heat so that the secondary power is always
less than that in the primary. In a well-designed
transformer the efficiency for energy transfer is
around 99%. The ability of a transformer to tajlor
voltages and ‘its very high efficiency makes it an
extremely useful device. '

4.11 Transmission of Electric
Power

A large generator in an electric power plant may
deliver 1 billion watts at a voltage of 10,000 volis.
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FIGURE 4.15 ,
Essentially. a transformer consists of two coils of wire ({the prima
the primary coil to the secondary coil. In {a) the secondary coi
iron core of the primary ceil, which has its ends connected to a 12/

is not lit. tn {b) the secondary coil is placed over the iron core. A changing magnetic field wi

that causes the bulb to light.

{a)

{b)

ry and the secondary} and an iron core to guide the magnetic field lines from
1, which has a light bulb connected to the ends of the coil, is isolated from the

O-volt electrical outlet. There is no current in the secondary coil and the bulb

thin the secondary coil induces an electric current

Using the relation between power, voltage, and cur-
rent (P = VI), it follows that the current is about
100,000 amperes in the wires leading from the gen-
erator. Current in a wire produces heat that depends
on the current and resistance according to P = I?R.
The resistance of a transmission line is relatively
large because its length may be hundreds of miles. A
current of 100,000 amperes in such a line would
produce significant heat, which amounts to a lossin
energy. A power company can maintain the same
. power in the transmission lines and reduce the heat
losses by placing a transformer between the gener-
ator and the transmission lines (Fig. 4.16). The trans-
former steps up the voltage to as much as 75 times
the 10,000-volt generator output. The current in the
transmission lines as well as the heat losses drop
accordingly. Energy saved this way in transmission
is energy available to consumers.

At a home where electric power is used, the volt-
age is stepped down to 230 volts by a series of trans-
formers. By tapping the secondary of the transformer

at the midpoint of the windings (Fig. 4.17), 115 volts
are obtained between the center tap and either of the
outer connections to the secondary. The center tap
becomes the ground connection (see Section 4.4). The

9230-volt connection provides power for large applica-
tions such as electric stoves, water heaters, clothes
dryers, and air conditioners. The 115-volt connec-

" ons are used for such things as light bulbs, mixers,

vacuum cleaners, and toasters. Homeowners often use
gmall transformers to reduce 115 volts to 6 volts for
operating doorbells and door chimes. In addition to the
115 volts and 230 volts used in a home, a factory will
often use siill higher voltages for some operations.

4.12 Meeting Consumer
Demands for Electricity

* Take alook at a bicycle equipped with a small electric

generator for powering a headlight and you see two
wires leading from the generator to the light. An
on-off switch on the headlight completes the electri-
cal circuit when light is desired. As long as the switch
is off, there is no current in the light and a rider does
no work against electric forces. Turn the switch on

to supply the energy delivered to the light. The ener-

gy is not stored in the generator and delivered on |

and a current develops. Then the rider must do work-

e EEEE——
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FIGURE 4.16 \
Elements of an electric power transmission system.

~———————Many miles
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115V . Gt Lansl
118Y f——Z?OV To customer

L.
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Center tap
{ground connection)

request: Electric energy is produced on de

the cyclist requires no light and keeps the sﬁfgldoé‘f
the gengraton'r‘delivers ‘N0 energy anywhere. An,
automobile uses a battery to store energy and deiiver
energy to headlights and other units on demand. A
form ?f electric generator called an alternat.:or
replenishes energy to the ‘battery. Although this

. scheme works very well for an automobile, it is im-

FIGURE 4.17

The manner of providing electric power for a household. Near the

_housethere is a transformer usually mounted nearthe top of a utility

pole. Electrical connections a
0 re made to the ends and midpo
g;i ns;;%nlgﬁgagoil of the transformer. Wires from t?égzomf':;
0 a circuit-breaker box in the hou
A se. Th
Sumer connects wires to the center terminal and either of ti’?ect:c)vr?o-

outer terminals to obtain 115 : i
ormminara e s obtain volts; connections tp the two outer

practical for electric power plants to store lar,
amougts of energy in batteries. Consequently, a large
- electric power plant produces electricity on co;:lsumgi
demand. If there is no demand, the generators shut
down. Once switches are turned on in factories and
homes, the electrical connection triggers: -

1. the production of heat by burni i
ing —ay ¥ burning coal or fission-
2. the vaporizati ili
‘ ,I;rézatmn of water (boiling) to produce
3. the injection of steam to a turbi i
_ ine to s
coupled to an electric generator. pinashaf

The utility must be prepared to

that vary throughout the dajlr), the weel?i;iil ti;l;:;:ais
A representative hourly demand is shown in Fi -
4.18. The demand is divided into three parts terme%i.
base lo.ad, part time, and peak. Base load demand is
met mtl} large units having slow response. Usually
these units are fueled by coal or uranium, They may be
large hydroelc_actxic plants. Base load electricity is the
most economieal of the three categories. If demand
were constant, only base load electricity would be
needgd. The demand labeled “part time” is generally
growded by_tl.le_ large units used for base Ioad. Peak
emands requiring fast response are met with ofl- and
;g:::—ﬁred turbogenerators, hydroelectricity, pumped-
rage hydro systems, purchases from other utilities

and, in a few cases, wind-powered generators and solar-

- powered systems. Peak electricity may cost three to

four times more than base-load electricity, Economi-
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" FIGURE 4.18 e ——— '

Houriy demand for electricity.

{Pemand in megawatts

1000

12 Noon 6r.M. 12

12 Bam
Time of day

cally it is in the interest of both the electric utility and
the consumer to make an effort to “flatten out” the
demand curve. To do this, a utility sometimes offers
a cheaper late nighttime rate for electricity. '

4.13 Energy and Emissions -
Model of a Fossil-Fuel

Electric Power Plant

Most commercial electric generators in the United
States are driven by steam turbines. Water vaporized
by the heat generated from burning fossil or nuclear
fuels is forced onto blades attached to the shaft of the
surbine (Fig. 4.19). It is akin to rotating a pinwheel
by blowing air onto it. With this basic model in mind,
we can expand the system to that shown in Fig. 4.20.
Several of the major components of this process are
identified in the commercial facility shown in Fig.
4.21, These diagrars serve as a flow chart for energy
and are useful for obtaining quantitative informa-
tion. So let us “dump” 1000 pounds of coal (1000
pounds of coal would oceupy a cubic space about 3
feet on a side) into the hopper and see how much
electric energy comes out and what by-products

evolve along the line.

If you have ever started a campfire or a fire ina
fireplace, you know that the fire starts most easily
with small pieces of weod. This is because a stack of
small pieces has more surface area than a single piece
of the same weight, and burning takes place at the
surface. For this same reason coal is pulverized to a
powder to optimize burning. The pulverized product
includes unburnable particles (ash) and sulfur along
with the burnable carbon-based content. “When
burned, the sulfur combines with oxygen to form
gaseous sulfur oxides. Unless controlled, the sulfur
oxides and particulates escape out the smokestack.
Assessing power plant performance requires &
knowledge of the energy content, sulfur, and unbur-
nables in the coal. These data are rather eagy to come

by,’ but there is a large variation in quality.
A “typical” coal from the vast West Virginia coal-
fields might contain 72% carbon and 2.5% sulfur. For
each pound burned, this coal produces about 13,000 -
Btu of heat, 0.05 pounds of sulfur oxides, 0.1 pound
of ash, and 2.6 pounds of carbon dioxide Gf all the
carbon is converted to carbon dioxide). Let’s now
follow the 1000 pounds of coal through the power

plant assuming the boiler, turbine, and electric gen-

erator have energy conversion efficiencies of 88%,
47%, and 99%, respectively.”

Boiler

Energy energy

wwailsble at =| available per |x number pounds .

the boiler pound of coal

Btu
= 13,000 ound x 1000 pounds

= 13,000,000 Btu

* Handbook of Chemistry and Physics, CRC Press, 2000 Cerporate
Blvd. N.W., Boca Raton, FL
- The efﬁciencieausedinthesecalcula jons were taken from “The

Conversion of Energy” by Claude M. Summers in the book Energ:
W. H. Freeman, San Francisco, 1979. The definition of efficiency 8

given in Section 2.10.

Generator

Pump

Condenser
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Schematic re i
5 ; presentation of the gener:
. . a-
it:g;i :; eeslegtr:u_::}t‘y. l;:g!*n—pressuregsteam
L he blades of a turbi
%rjoducm.g rotational mechanical elrjuzt;;:/e
ang tt#;bxee Lom;es the generator shaft
chanical energy is convert
r ed
:c; rfsli%mc energy. The condenser con-
& steam back into water and the

pump circulat
boiler. es the water through the

Boiler

Fuel

Condenser

- FIGURE 4.20 svammmses

Major energy components of an electric

. power plant.

FIGURE 4.21 s

The Cinginnati Gas i

_ i and Electric Co

g;:!?cggv Staltaofn. located on thén po?'nr:g

. Several of the components

schematically in Fi e
! 9. 4.19 are identified i

%_r;:s %r]otpgragh. {Photograph cour;feizgg;
© Cincinnati Gas & Electric Company.)
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Energy |energy| |[conversion Most power plants have facilities for removing about
into the =|in the |X|efficiency 99% of the ash. Hence 1% escapes to the environment.

turbine {boiler | |ofboiler Amount escaping = 100 pounds x 0.01

= 13,000,000 Btu x 0.88
=1 pound.
= 11,440,000 Btu.
Turbi
The energy that doesn’t enter the turbine escapes, or - me
is released, mostly through the smokestack. Energy out the |energy conversion
turbine and =|into x | efficiency
Energy = |energy | |energy into generator |turbine| |of turbine
out the =|into the |- | into the
smokestack | boiler turbine = 11,440,000 Btu x 0.47
= 5,377,000 Btu.

= 13,000,000 Btu — 11,440,000 Btu
= 1,560,000 Btu.

The sulfur oxides and carbon dioxide are produced
when the coal is burned. The amount of sulfur oxides

produced when 1000 pounds are burned is

The low value for this efficiency is probably the most.
difficult thing to-accept in this discussion. However,
there is a practical limit to the efficiency of a steam -
. turbine imposed by the physical laws of ther-
modynamics. This is discussed in Chapter 8.

. ds)
sulfur oxides (pounds) sounds Condenser
= 1000 pounds x 0.05 700, 7 T oF coal . Heatenergy [energy | [energy

o - ' rejected to =|into  {-linto
= 50_ pounds. condenser turbine{ |generator

= 11,440,000 - 5,377,600 Btu
_ = 6,063,000 Btu.
This heat energy goes into the condenser cooling

These oxides do not necessarily escape out the smoke-
stack if there is some mechanism installed to remove
them. Modern power plants are equipped to remove
about 90% of the sulfur oxides produced. We will
assume that 5 pounds go out the smokestack and into

the atmosphere. _ water.
The amount of carbon dioxide produced is ,
L. : ' Generator
carbon dioxide (pounds) ' _
' pounds carbon dioxide Energy energy conversion
= 1000 pounds x 2.6 pomd of coal out of = into X eﬁiciency
' ' generator |generator| |of generator
- =2600 pounds.
' =5,377,000 B .99
The carbon dioxide is vented to the atmosphere. The 5.3 ’ 00 Btux 0.9
ash is an unburnable product in the coal. — 5,323,000 Btu x kWh
. 3413 Btu
1 pounds ash :
= 1560 kWh.

| Ash (pounds) = 1000 pounds x 0. pound of coal

= 100 pounds. Burning the 1000 pounds of coal would produce
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enough electric energy to run a 1560- ' '
air conditioner for 1000 hours:a 60-watt (1.'56 KW 4.1 4 CoPing with Particulate

With these numbers, the model of Fig. 4.20‘can be Matter

quantified as in Fig. 4.9292.
: g * General Properties

This procedure accompli i
plishes several things
1. Numerical tain iven ; ;
results are obtained for given set of :;Tlczlate_m;t?er emerging from the smokestack of
- electric power plant (Fig. 4.23) enters

conditions. This gives a feel f missions
or th i
L€ emissio the atmosphere in the form of fine, solid particles *

- from a typical power
: plant,
2. The origin of the emissions ; These particles mix wi ibuti
sion process has been estzig;;heg Cerey conver- other sources of soh'dv:;lntil1 I‘;Oqslgl:gﬁﬁ;sngom il
lates are classified by a length even thor..zlg)har:;f;;

3. Mostimportant amodel applj
] A pplicable to any syste:
of thl.s type has been deduced. Only the mfz:lbe:'g
are different for another system of the same type

The magnitude of the emissions cannot be
apprgénated because the element of time hasnot bﬁelgi
g:nsz_ ered.- A 1000-megawatt unit operating at
: pacity wou.l'd use the 1000 pounds of coal in about

seconds. This means that about 10,000 tons of coal

g{?;z:gy l}f;e jagged shapes. The length is as-
.o vl WIth an assumed geometric shy
. simplicity, we presume spherical partictﬂatesﬁdf‘l;:;

the concept of mass densi i
to infi diam
Mass density is deﬁne:ly as e diameter

are used i
per day and this would produce 500 tong of ~ *The ot orosal s often used interchangeably with particulate
Some scientiats, though, prefer to consider B.erOBIyDI:I as ;;mwates

.
X e8 EOme smﬁc Value, ft)r example, 0.000

FIGURE 4.22 e ————————————— _“. ——— Il |
T . . . - . .
ypical outputs for conversion of 1000 pounds of coal into electric energy. .

Sulfur oxides = 5 Ip
Carbon dioxide = 2600 1h

: Ash=11b
Heat energy = 1,560,000 Bty
- 1o - Electri
Fef— Energy into turbine en z
> Energ ergy out
Smokestack 40,000 Bt

5,323,000 Bru
or 1560 kwi

— Energy into gene:
Boifer ] - ] 5,377,000 B?“e o i ‘
13,000,000 Bty . | -
o =
Ny | [
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FIGURE 4.23

The Killen Electric Generating Station near Manchester, Ohio, onthe
Ohio River is a modern coal-fired electric power plant. More than
09% of the mass of the particulates produced are captured before
entering the atmosphere. {Photograph courtesy of Dayton Power
and Light Company.) - ) .

nags densily = mass of an object
volume occupied by the mass’

M
p:'ﬁ‘.

One cubic meter of water has a mass of 1000
kilograms. Its mass density is 1000-kg/m? or 1 glem®
(1 gram per cubic centi eter). If you measure the
mass of a certain amount of water to be 10 grams,
then you know its volume is 10 cm3, Similarly, if the
density of particulate matter is 2 glem? and its mass
is known from some measurement, you can compute
its volume from the expression -

To illustrate, if a given particulate has a mass
of one millionth of a gram (108 g) and a density of
1 gfem3, it has a volume of one millionth (10-9) of a
cubic centimeter. Rolled into a tiny ball it would have
& diameter of 0.012 centimeters. A dime has a
diameter of about 1 centimeter, so the diameter of

the particulate would be about one hundredth the
diameter of a dime. This is a fairly large particulate.
The/sizes of particulates range from about 0.000 000 02
cm 0 0.05 cra. Rather than work with such very small
numbers, it is common to express these lengths in
terms of a millionth of a meter (or one ten-thousandth
of a centimeter). One millionth of a meter is called a
micrometer and is symbolized pm. On the micrometer
scale, the particulate range 0.000 000 02 cm to 0.05 cm
would be 0.0002 pm to 500 pm. ,

Particulate concentrations in the atmosphere are
reported as the total mass contained in a cubic meter
of air. Typical units are micrograms per cubic meter,
symbolized pg/m®. Concentrations range from about
10 pug/m3 in remote nonurban areas to 2000 pg/m® in
very heavily polluted regions. Over 1400 stations
monitor particulate concentrations throughout the
United States. Since 1977 the average concentration
has dropped from 63 pg/m3 to 48 pg/m3 in 1986. Even
though the concentrations vary sub stantially

~ throughout the country, the percentage having a

particular size is essentially the same everywhere.
Most of the particulates are very small—less than 0.1
ym in length. Larger particulates account for about
95% of the total mass. Relatively few particulates
account for the bulk of the mass. However, smaller-
sized particles may be more damaging to people than
the larger-sized particles. It may be more important
to reduce the number of smaller-sized particles than

to reduce the concentration of mass, which favors.

elimination of the larger particles. The sizes and
origin of atmospheric particulates are shown in Fig.
4.24. '

Of the several environmental concerns over par-
ticulates in the air, the following are noteworthy.

i. -Particulates settling to the ground produce an-
noying grime, requiring energy and money to
remove. o

9. Particulates produce effects detrimental to
materials, plants, and animals, including human
beings.

3. Accumulation of particulates in the atmosphere
may alter the heat balance of the earth through
reflection and a_bsorption of solar radiation.

Bacteria

Fog droplets

it
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Aerosdfs

FIGURE 4.24 sssssssssmm

The sizes and origin of atmospheri

t:culatefs. Note that aerosols ;rgeiggepizrd
as particulates with diameters of jess
than one micrometer. To obtain a feel for
the size scale, think about raindrops and
beach sand that can be seen with the

1000 R 10 . oo
N Particle size {micrometers) . oot
\.C AN
arn be seen by Can be seen with an Can be se:n ith ~
wi an

h .
the human eye optical microscope

electron migroscope

naked eye. Baby powder is much finer,

each particle ranging from ab
50 micrometers. d ou 08t

¢ Settling of Particulates i
Atmosphere B thg

A u:;;ﬁ(ild plastic sphere failing in a fluid such as oil is
pulled downward by gravity and held back by (1) a
viscous force (drag) exerted by the fluid on the
sphere, and (2) a buoyant force tending to float th

sphere. The viscous foree is akin to that exerted oz

. your hand when you held it out the window of a

trilﬁ}ev(ilng car. A buqyant force causes a child’s helium-
balloon to rise. The viscous force increases as

- the falling sphere gai i

 the fall; gains speed. Ultimately t

. gravitational force is balanced by the opposi?n); v?s?
cous and buoyant forces and the sphere descends

with constant speed. Any si
i . Any size sphere eventuall
achieves constant speed, but the limiting speed o}fr'

- - spheres made of the same material i
5 1 : increases as th
_‘ diameter increases. This size effect is easily d.iscernef

ible when you drop 2 handful of sand in a vat of water

;nagt ?b‘;:lerve v?]:uch grains reach the bottom first.
iculates in the atmosphere are not plasti
sp.heres and ‘their motion is influenced greatly bm
gds, but the larger ones settle faster for exactly thi
ereason. Srf:la]ler particulates sometimes become
giimlanczzlzﬂy a_n'borx}e and do not settle at all. A
’113 e culat_lon using the rate concept shows why.
:lable 4.5 a:shows the relation between sett].iné
:?ee _ and partmulz?te diameter, Let us determine the
ime it takezs a 1-micrometer-diameter particulate t
St?ttle 1 kilometer (0.62 mile). A 1-m’icrometeg
d.:an:'leter particulate has a settling speed of 0,004
centimeters/second. Thus .

settling time = distance traveled
settling speed

100,000 centimeters

= 0.004 centimeters / second
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ABLE 4.5 Y
zpprox:imate Settling S]feeds in Si;1113 Air for
Particles Having a Density of 1 glem

i ETTLING SPEED
DIAMETER {micrometers) _ienﬁmetersfsecoﬂm :
o 0.000 08

1' _ 0.004

0. ' 0.3

100 »

1000 390

. =
From Air Quality Criteria for Particulate Matter, National Air Pollution
Control Administration publication No. AP-49,

= 25,000,000 seconds

25,000,000 seconds
~ 8600 (24) seconds / day

=290 days.

i tes with diameters.smaller tlzfan 1
ﬁ::;ﬁ:t}:r settle so slowly t.ha.t they tend to mld.g-;:t:
thousands of miles beft:lre t;zitl&nuit topt;l;:i %lrg:nc}mrac—

mmon to fin ; _
:::islt:l::c:f the earth in Arizona h_ave 1.mgrat:c! a;r ga;rl
cast as New York. Or to find .radloactlve :ﬁ n;adﬁc
nuclear bomb tests migrating across St:tes cihe
Ocean to the west coast of the United X or-
manently sirborne particulates cause concern
long-term weather effects (see Chapter 7).

« Federal Standards for Particulate
Conecentrations . |
The 1970 Clean Air Act empowered t}le Enw;;lzi‘:;
tal Protection Agency to e;at air q1.1au1]1;§,fa :et:n];d ords for

i to prom .
dgmﬁmumaztandirds define lev_els of air
: ufafity judge(i necessary to protect the public heali:;l
&ith an adequate margin of s?.fet:y. Secondary stant(;
ards define levels of air quality judged necessary

i : by protecting

lic welfare; for exa:_n;_ﬂe,
p;gticr';;u;azerials, and economic values. A stati
Ix;m; iml;ose more stringent measures butfcanno_
relax the standards. The federal standards for par

ticulates are the following.

axim ' tration
smum average 24-hour concen
Ttl:l;: 11:; not to be exceeded more than once per

yea;‘ is:

:mary standard _
I;f:(} micrograms per cubic meter of air,

standard .
ie;gﬁgrams per cubic meter of air.

‘ 3 -
The annual geometric mean concentration can
not exceed: :

imary standard ]
gr;micmgrams per cubic meter of air,
secondary standard ) ot
60 micrograms per cubic meter of aIr.

To improve and maintain air quality, p:ialrtmﬂ;l:z
emission limits are placed on coal-i:iredtlzo ;1;.8 The
L e o o r;sjtﬂzigegtﬁa:i%c;::der?vedﬁom
toumno.l’po%ﬁﬁ;:hcbmn' coal having 10% unbur-
e and liborating 12,000 Btu ofheatper pound
when burned produces 8.3 poundfs of parin_cul-a 01‘::;
million Btu. Thus the act reqmres.casgéntgrmgcter  over
98% of the particulates genel_'ated._ Still icter limits

re placed on coal-fired units built after Septen ber
Yse 1978. These systems can liberate to the envir

* The most familiar mean {or average) value ‘is fotrlgaﬂzac:gés tl;eiz_
ithmetic mean and is obtained by summing h q e
?ntereste and dividing by the number of q_uantltles.. 3; bexamaddin,g ne
merageclassgradeforanexamma'_ tion is determined by ing o
th and dividing by the number of mq;e‘nts. 'g‘@e tsei:st ric
’ thegm:xgbtained by multiplying the quantities ?‘.h mnumber e
mg the Nth root of the product where N is the smber o
quantities. For example, if 25 students took an examnamd natio ail be

. geometric-mean would be the 25th root of the produ

grades. '
i include major
i1 H.R. 3030 and Senate bill 5. 1630 int
rewm“ Houset:: lilslhefI CIILean Air Act that separately have -b‘een pwdtua}lbyy-
i;w(;xols legislative bodies. At the time of _ﬂns writing mu
geeable Tovisions have not been enacted into law.

ment no more than 0.03 pound of particulates for
each million Btu produced. This means that more
than 99% of the particulates generated must be col-

lected. Following the Clean Air Act of 1970, annual.-

particulate emissions dropped from 18.5 million tons
in 1970 to 10.6 million tons in 1975. By 1988, they
had dropped to 6.8 million tons per year.

° Particulate Collection Deﬁces

No single particulate collection device can capture
particulates ofall sizes. Accordingly, a utility employs
combinations of collectors, each of which works effi-
ciently for a range of sizes. The most common collec-
tors are called gravitational, cyclone, electrostatic
precipitator, and fabric filtration. We have at hand
the basic principles for understanding their opera-
tion. : -

Gravifational Collector. The principle of the
gravitational collector is shown in Fig. 4.25, Gases
containing a suspension of particulates from fuel

.combustion enter a large chamber. Like particulates

in the atmosphere, they are influenced by the gravita-
tional force of the earth (pulling down) and retarding
forces (viscous and buoyant) due to the gaseous
medium. Some of the particles settle enough to be
coliected at the bottom of the container. As expected
from our discussion of Dparticulates settling in the

Gaswitha
suspension of
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atmosphere; the ones of larger diameter settle fastest

and are the ones most likely to be collected. :
Gravitational collectors are simply conceived and

relatively maintenance free, but they function effi-

ciently only for particulate diameters greater than
about 50 micrometers.

Cyclone Separator., Arapidly swirling air mass
is loosely referred to as a cyclone. Such a condition is
created with the combustion gases in a cyclone
separator. Particulates are foreed to the outer edge
of the cyclone, where they can be collected. In a
cyclonic separator, the gas containing the particu-
lates is forced down through a tapered cylinder to

~ produce cyelonic action (Fig: 4.26). The particulates

move toward the walls of the cylinder; some strike
the walls and fall into a collection bin. A cyclone

separator collects particulates with diameters as
small as 5 micrometers,

. Electrostatic Precipitator. An electrostatic
precipitator is the most efficient device for removing
particulates with diameters smaller than 5
micrometers. It is based on the attractive electric
force between unlike charges. In principle, the
precipitator is a hollow cylindrical container with a
wire along the axis of the cylinder (Fig. 4.27). Alarge
voltage is maintained between the central wire and

combustor o . i Buoyant
‘ B b force
j v 4 Drag
' force
N )

;Jrirrt;culates — vﬁ »

. Gravitational
o ... force

To collection bin

Gas
otitlet

FIGURE 4.25 s

Basic physics of a gravitational coilector.
Particulates are influenced by forces ex-
actly like particulates in the atmasphere.
The gravitational force pulls them
downward; a viscous (drag} force and a

buovant force due to the air oppose the
downward motion. '
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FIGURE 4.28 traction material for car tires, fire-quenching
6 FIGURE 4.27 static precipitator. The particulates, [Theeffectwgne?s ofe!ectroitatlc p;qcup;llltators;%rl_'emr?vmg partici m:atena_l for coal mines, and fert;hty improver for
FIGURE 4.2 , icair  Basic physics of an electrostatic precip d tovrerd the vwal ates escaping from a smokestack is illustrat in these pictures soils.
Basic physics of a cyclone particulate collector. The cyclonic ai having acquired a net negative charge, are attracted tow taken (8} without and (b) with the electrostatic precipitatars in

motion forces particulates toward the walls of the collector. When

. Y . p P! - P Tike tlle wail, thev
bin of the recipitator hel the par tlculates strik i

the palliculates Stllke tl e Wall the ia" illto a co"ectio“ i f W

e

becorne electrically neutral and fall into a collection bin.

operation. The white clouds appearing in both photographs are
composed of water vapor. {Photographs reprinted courtesy of

. Electrons are putled Eastman Kodak Company.) References

% . ) out of gentral v«[ire .

5 | Cylinder walls : by strang electric ® Electric Energy and Power
Cleaned gaes to icle-laden gases
discharge stack Particle-la . _

Extensive discussions of electricity, siectric energy, and electric
0 power are given in most physics and physical science texts, Two
useful texts for expansion of the material presented in Chapter 4
are Physics in Perspective, Eugene Hecht, Addison-Wesley, Reag-
ing, MA, 1880; and Contemporary College Physics, Edwin R, Jones
and Richard L. Childers, Addison-Wesley, Reading, MA, 1990,

L. Oxygen molecule :
: @/ captures efectron
—- .
l L 4 Particulate captures
t - ¥ molecule and is
. . Narf?W s 4[ attracted 10
g @ & 4 (&) positively charged
i Water spray O L wall of cylinder

'} to capture
L particles

- _ dmm—

, o J Review
l: [OR ) 1. Devise an experiment to deduce whether or not a bal-
‘} . f/_____ . loon has a net charge.
T - Cyclonic " - - N 2. What type of energy is converted by an electric gener-
‘ H spinning _action -

ator? How efficient is the generator in performing its |

R . stated function? - w
' H . iculates flow . . .
N Particles trapped in 5:r:]'.,c,%ugh the 3. How is an electric current similar to the flow of water
! I " k water droplets eylinder : Mechanism for charging inag pipe?

* the cylinder and
* central wire

4. What are the units of electric current, potential dif-
ference, power, and energy?

5. Make a sketch of an electrical cireuit that includes a

_ household outlet, a switch, and a light bulb.

6. Why are electrical devices producing heat more expen-
sive to operate than household appliances like mixers
producing mechanical motion?

1. How does electric power differ from electric energy?

8. What is a kilowatt-hour?

9. Distinguish between alternating current and direct
current.

; Slurry collection
il . and treatment

' An electrostatic recipator is the most efficient of
| . thei;s:}ams d.uscusszd and is capable of removing 99%

| of the total mass concentration. Howevel:, the eﬁiclenf:y.
| for particulates smaller than 0.1 mcfo.rc_leters in
diameter is poor. Even though the precipitator n::;;y
remove 99% of the mass, only about 5% of the number
of particulates are accounted for because there are

i i i ing negative. The
outer housing, with the wire being negative. Th
electric force experienced by electrons in the wire is
sufficiently large to pull electrons from the wire.

; 4 to i jiculates. The electrostatic 10. What physical principle involving electric charges and
- - Electrons, bemlign zegatlvely charged, are attracted to 1:;1:5; i:;(;(: i?saﬂdili"ﬁm in extracting the small a magnetic field is employed in the production of an
. the positive cylinder.

. electric current by an electric generator?
Some gas molecules, such as oxygen (Og2), will

particulates. That electrostatic precipitators are ef-

capture an electron and acquire a net negative chargeth
(O2). These molecules are acce}erated toward the
wall of the positively charged cyhnd.er. During tran-
sit, the Oz~ ion may cling to a particle and theopar-
ticle-O2~ composite migrates t?ward the wall. Once

-the composite strikes the wall, 1'1: becomes elect:ncaiy
neutral and the electric foree vanishes. Theparhcula 5
are then removed from the walls of the container.

fective is illustrated by Fig. 4.28.

o The Disposal Problem | .

In 1988 the electric utilities burned abput 760 mth;;

tons of coal having about 109? unburnable ash. o
_cause the collection efficiency is very good, about

million tons of coal ash were collected. For the most _:-ﬁ

part, the ash is taken from the collectors and dumped

into ponds where it settles to the bottom. Some com-
mercial use is made of the ash collected but amounts

to only about 13% of that collected. Some of the uses

' . @re as an aggregate for building bricks, improved

11. Describe in words the function of a transformer. Why
is a transformer useful in the transmission of electric
power?

12, Why is electric power transmitted at very high vol-
tages?

13. Name the by-products of significance produced by
electric power plants using coal for input energy.
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14. What is the most inefficient energy conversion device d) the bulb converts 100 watts of energy each second difference across the bird. '
in an electric power plant? : it is on. b) its electrical resistance is too high 35. An electric power company uses transfo
. 15. Match the equations with the appropriate term and e) if the bulb is on 10 hours, it will use 1000 kilowatt- : c) its electrical resistance is too low ' a) transform AC currents to DC curre s b
b name the quantity going with each symbol. hours of electric energy. d) th ' . .. 0 low. b) iner . nts.
. e current in the wires is AC rath. ease the amount of electric power.
Ohm’s law I1=Qk 94. When the switch in an electric circuit is in the off e) it wears rubber gk, er than DC. ¢) prevent electrocution of bi power:
voltage rP=Vi . : position, the current in the circuit is zero. Therefore, 30. A night light F ahoes as suggested by a student. mission lines n o irds sitting on the trans-
| electriccurrent I=V/R we would say the electric resistance of the switch is costs 10 ce tsreqmres five watls of power. If electricity d) change the o
s Ho power V=Wa _ a) zero. ' tion is nts/kWh, the daily cost of continuous opera- e) transf Slzes-of voltages.
i power loss P= PR : b i lar tially infind & : orm electric fields to magnetic fields
oo ) . ) very large, essentially infinite. , a) 50 cents b) 0.5 36. Electric utilities, i i
16. If all lengths can be measured in meters, what is the &) 1150hms e .5 cents ¢ $1.20 transmissi es, In an effort to reduce energy loss in
. . : . - - : smission wires,
for :peclfymgnal'e i ﬁﬁ‘mﬁgmmem wnitoflength @) impossible to determine without knowing the voltage. 31. Electric current is;e)n:;-iif; b Smtar dovices o °;$Pi:‘§nm::ysﬁghu}f ol
: : . . . . ! orein imi ; evel.
17. Why is the settling time for particulates important? e) irrelev an‘t. Only wires have electrical resistance. of wires to move through a mﬂinetic ﬁge? ;arge number this o devices are employed at the home to reverse
18. Give a hy a limit on th ¢ particulates 95. An electric iron draws 10 amperes and operates on & 8) true b) false . ' process.) :
. Give a reason why a hmit on toe mass ol part 120-volt electric line for two hours. We could say it used ' a) transformers, voltage
per cubic meter of air may not be- completely ap- - ) 32. Asmall electric generatori ; e
propriate for sing health effects 2.4 kWh of energy a.n:l required the same power as by a student. The stﬁde;f Oper?:‘»led by acrank turned b) turbines, voltage
asses X _ 1 . e St . The mus
19, Name and describe briefly four devices used to collect Se:::oo'wag f%hd:: bs operating at the seme time. electricity because - o work to generate Z’) transformers, current
particulates in a coal-burning electric power plant. ‘ i o a) the magnetic field produced by the generators, voltage
' . ks 20, 1o o cortain house, a 100-watt ightbulbis normallyon 2 A= S0-watt e B e e and, on the aid the magnetic field needod for the erora ) generators, resistance
_ for 30 hours each week. If electricity costs 8 cents/kWh average, asis OF ours before hurwing o - process. , generation  37. In a commercial electri I
| . An . . Cc power plan;
L . ; i other longer-lived 50-watt bulb costs $1.50 and lasts by : plant, it takes about
| and, for conservation reasons, it 1s decided to keep the for 250 hours : : ) of the first law of thermodynamics, units of energy to produce one unit of .
H | bulb 5it only half as much, then the savings per week < ¢} of Newton’s third la ) energy. ' ' of electric
{ I would be - . a) The $1.50 bulb is clearly a poorer buy. d) magnetic f to dw‘ al W2 93 dd o5
: . oree . e :
| g) 12 cents b) 6 cents o) $60 b) The $1.50 bulb is clearly a better buy. by the students nd to oppose the motion provided 38. The commercial production of electri
| : , : . s n of electric g wires
! d) $120 €) 60 cents ¢) The two bi‘:l:::'f;‘r? equiJ:falent b_“ys' . _ ‘ e) of the electrical resistance of the wire ' zﬂi € energy conversion steps. If two of tlllteesi;g:t:;g have
i 21. If you halve the voltage across a device that obeys 9 g:lf? 15 cient information to decide which 33. Electric energy that your bedside clack: - duri mﬁ;n:lhes of90% a.n.d the overall conversion efficiency
Ohm’s law, then 18 bel:t.ex.. . night uses during the do,gest,an:vnv- the efficiency of the third step is (pick the
a) the current in the device doubles. ‘.3) f]:):ihr E;;:n use the same amount of energy in @) comes from electric energy stored by the ' a) 36% b) ;;; : .
b) the current in the device halves. : ) ) company during the day. v the power 39 ; 6 ©) 4% d) 90% e) 20%
. ! 97. For water to flow through a pipe, there must be a water b) is prob e - Generation of electricity is a multi
¢) the resistance of the device doubles. pressure difference between the ends of the pipe. For probably provided by solar-powered generators. the following converters witl;: 'l:ltl”J e pmmllgr- Mateh
d) the resistance of the device quadruples. electric charge to flow through 2 wire there must bea o ::omes from batteries. : transformation accomplished by :hﬁ:m e
- . ¢} none of the above are correct conclusions. {an} difference between the ends of the wire. d) 18 produced by generators operating during the sume a coal-burning electric power planzonverter, As-
- - . 92, Homeowners pay their electric utilities bills in units of a) electrical b) current ¢) potential ‘night. _ 1. boiler a. mechanieal en ‘ to ‘
- , cents per d) power o) charge - - ® 523?;1:; costs more on a kWh basis than the energy 2, Steam energy ey to thermal
. - } S run the clock i ytim " turbine :
o ;) ;:gtt 28, Different types of light bulbs are connected toabattery. '34. When electric poweris tmmm th? daytime, 3. generator- b. chemical energy to thermal
- ) X owatt. , The bulb having the least electrical resistance will ' site to a community, th tted from the generating e f::ergy] . :
- § ¢) joule. . produce the electric current small to e company tries to keep the " el energ‘:ﬂ energy to electri-
d) Btu. : : a)} least amount of current. " a) kee ‘ echani
. . p energy losses small d ; d. thermal energy ¢ :
Hin ¢) kilowatt-hour. b) greatest amount of current. " mission wires. ue to heating of the trans- : energy wem cal
Wil 23, A typical Hight bulb is-rated at 100 watts. This rating ¢ least amount of energy.  b) minimize magneticenergy losses. a) 1a,2b,3¢
i . Ineans : _ d) least amount of electric power. ¢) make the electrical resistance of the wir all b) 1b, 24, 52
| | L a} the bulb requires 100 watts of energy. ' e) least amount of potential difference. ' d) speed up the transmission of the electﬁces or, @ 1 2b,3d
b the bulb cunverts 100 joules of energy cachsecond 20, A bind sitting on an electric power line docs mot get |1 ©) protect birds that might pome ) 1-b,2-d, 3¢
. perch on the trangmission )
wires. e) none of the above is a correct match.

it is on. electrocuted because

¢) the bulb could also be rated as 1 kilowatt. a) unless it touches another wire, there is no potential 40. During the last six years, the particulate concentr.
. . * . necentra-
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