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TOASTER MODULE

Introduction

In our technological society,
there are many devices which use
electricity for heating processes.
You are probably most familiar
with those which appear in the
home, such as irons, water heaters,
clothes dryers, hair dryers, coffee
makers, ranges, and toasters, Al-
though you may be less familiar
with them, devices based on the
same properties are common items
in industrial manufacturing plants
and research laboratories.

This module introducss the
principles needed to understand
the operation of such devices. We
have chosen to use the toaster as
an example. As you work through
the module, you should try to reach

the following goals:

1. Learn about processes that
change electrical energy into
heat.

2. Learn to identify the major
forms of energy and to de-
scribe how one form changes
into another,

3. Discover that materials ex-

pand when heated and use a
formula that describes this
effect.

4. Learn to describe one or two
systems which are controlled

by a thermal expansion device.

This list of goals should give
you a general idea of the topics in-
cluded in the module. More specific
statements on what you will be ex-~
pected to know and be able to do are
provided by the following list of

learning objectives.

Learning Objectives

This list of objectives indi-
cates what you should be able to do
after completing the study of this

module:

1. Define in clear and precise
sentences the following words:
energy, power, specific heat,
heat capacity, coefficient of
linear expansion,

2, Determine the power delivered
to a circuit by a battery by
performing the following two

steps within 15 minutes:



a, Given a circuit diagram,
a battery, hook-up wires,
a resistor, an ammeter,
and a voltmeter, measure
the appropriate voltage
and current.
b. Calculate the power,
Determine the energy delivered
to a resistor by performing the
following two steps within 20
minutes,
&, Given the same equipment
as for the preceding ob-
jective plus a timer; meas -
ure the appropriate voltage,
current and time interval,
b. Calculate the energy in
joules.
Given two of the following three
quantities for an object, deter-
mine the third: heat capacity,
temperature change, quantity‘of
heat,
Convert energies from any one
to any other of the following
units: joules, calories,
B.t.u.'s, kilowatt-hours., (A
table of conversion factors
will be provided.)
Determine experimentally with-
in 30 minutes the heat capacity
of an object by measuring the

temperature rise for a measured
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input of electrical energy using
the following apparatus:. the ab-
ject, material to insulate.tbe
object, a voltmeter,.an ammeter,

a clock, a thermometer, hook-up
wires and a source of electricity.
Given an object made up of several
different materials, determine an
approximate value for the heat
capacity of the object by esti-
mating the masses of the differ-
ent materials, looking up appro-
ximate values for specific heats
of the materials, and pgrforming
the appropriate calculations,
Given a control system based on
the thermal expansion of mater-
ials (such as in the toaster),
describe the sequence of events

by which the thermal control mech-
anism produces a desired result or
prevents an undesirable one when
energy is supplied to the device.
Given a process which involves

the transformation of energy among
several different forms and a lisé
of energy forms, identify all forms
of energy .which change during the
process and state which are in-
creasing and which are decreasing
during each stage of the process.
Given two of the following three

quantities for an electric cir-




11.

12.

13.

14,
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cuit, determine the third: volt-

age, current, power,

* Given two of the following three

quantities for a circuit, deter-
mine the third: time, power,
energy.

An object is heated through a
range in which the specific heat
is constant. Given three of the
following four quantities, deter-
mine the remaining quantity:
heat, specific heat, mass, change
in temperature,

An object is heated through a
range in which the coefficient

of thermal expansion is constant,
Given three of the following four
quantities, determine the remain-
ing quantity: change in length,
original length, coefficient of
thermal expansion, change in
temperature.

Given a bimetallic strip made

of known metals and a table of
coefficients of thermal expan-
sion, determine which way the
strip will curve when heated.
Given the appropriate formula,
the dimensions and composition
of a bimetallic strip, the co-
efficients of thermal expansion
for both metals, and the temp-

erature change from the situ-

16.

ation iﬂ which the strip was
straight, calculate the-aﬁgle'
of curvature of the gtrip.
Given the appropriate formula,
the dimensions and composition
of a bimetallic strip, the co-
efficients of thermal expansion
for both wmetals, and the temp-
erature change, calculate the
amount of movement of one end

of the strip.



THE TOASTER

The toaster is a simple de-
vice to operate: you plug it in,
put in the bread, lower the mech-
anism, and in a short time, up pops
the toast.

There are several interesting
aspects to the toaster which must
be studied if the principles of op-
eration are to be understood. An
essential feature is that the toast-
er produces heat by using electric-
ity, This is an example of a gen-
eral process we see wmanyv times every
day: energy changing from cne form
to another. This process and the
laws of nature which govern it are
of such great importance that we
shall study them in some detail,

Before we discuss the process,
the meaning of the word "energy"
Energy is

the capacity tc do work,

must be established,

Since we

have defined one scientific word,
energy, in terms of another, work,
we must be certain that we know the
meaning of the word "work." If you
push a hand lawnmower across the
lawn, you do work. If you raise a
book from the floor to a table top,
you do work, The amount of work

done by a force acting in the di-

rection of motion is equal to ihg
force multiplied by the distance
moved. With that in wmind, the de-
finition should be wore meaningful,
A person (or an object) has energy
if he €or it) has the capacity to
do work. The best way to grasp the
meaning of energy is to consider
the varicus forms in which it ap-

pears.

Forms of Enerpy

One of the most obvious forms
of energy results from the ability
of a raised cbject to do work. 1In
general, an object in a higher pos-
ition can do work in the process of
moving to a lower position., This

type of energy, associated with the

Fig. 1. As the weight falls it runs
machinery which does work.

i —— T o na

the gravitational force, is called

+



gravitational potential energy.

Fig. 2. A compressed spring can move
; objects, thereby doing work.

Another common form of energy
is the result of forces produced
in stretching, compressing, bend-
ing or twisting materials. Such
forces are called elastic forces,

The potential to do work as

a result of elastic forces is

called elastic potential energy.

Consider this example of elastic
energy. When you lower the mech-
anism which carries the bread into
the toaster, you compress a spring.
Later, the elastic potential energy
of the compressed spring does the
work of "popping up" the toast,.

If you have ever driven a
nail with a hammer, you have used
another form of energy, called ki-

netic energy. The work which can

be done by a moving object in being

brought to rest is called kinetic
energy.

("Kinetic" refers to motion,)

We distinguisﬁ between the two types
illustrated in Figure 3 by calliqg

the first translational and the sec-

ond rotational kinetic energy. If
the motion is described by referring
to the turning about some axis, it

is called rotational motion.

b an

The hammer does work as it

drives the nail into the
wood.

Py o
{The grinding wheel does work

;a8 the wheel slows down, even '
Laf?e; the power is shut off.

A form of energy which may not
be as familiar as the ones already
mentioned is the energy associated

with electricity. The energy asso-

ciated with charged particles at

rest or in motion is called electro-

magnetic energy. In everyday life,

this energy is most often used in
systems which have charged particles

moving through wires., This kind of




energy is often called simply elec-

trical energy. Examples include

the energy required to operate the
toaster, electric motors, and elec-

tric lights,

Electricity runs the motor,
which does work.

 Fig. 4B.
ﬁ;ﬁ@gngngmare capable of
doing work.

Charges at rest sometimes con-
tain a form of electromagnetic en-
ergy called electrostatic potentis!

energy.
your hair on a dry day, the balloon

If you rub a balloon on

acquires the ability to lift your
hair, or other small objects, and
thus do work, Moving storm clouds
also become charged and clearly de-

velop the potential to deliver large

amounts of énergy in the form of
lightning bolts. The sudden iight‘
and sound is caused by a huge elec-
tric current, and it 1is én example
of electrical emergy which results
in work being done. But even be-
fore the lightning strikes, the
cloud has the capacity to deliver
work, and thus we say it has elec-
trostatic potential energy.
Electromagnetic energy also ap-
pears in the form of électromag-

netic radiation, This includes

radio and TV waves, light, X rays,
and gamma rays (a gamma ray is e-
lectromagnetic radiation produced

by nuclear effects),

_Fig. 5. |
Thermal energy runs the steam
engine.

A form of energy which keeps us
warm and does a variety of other
things for us is called heat energy
or thermal energy. Heat is the en-

ergy which is transferred from one




object to another because of a

temperature difference, Heat is

usually involved in such proc-

esses as raising the temperature

of an object, melting and boiling.

As you read and turn these
pages, you are using a form of
energy called chemical energy.

Chemical energy is associated

with all processes in which the

atoms are rearranged to form

different substances (chemical

reactions). Examples of such
reactions include burning, the
production of electrical energy
in a battery, and the production
in a muscle of the energy needed

to turn a crank.

Fig. 6. The work done by the woman
: comes from the chemical

energy in the food she ate.

The most recent form of en-

ergy to be used by man is nuclear

energy. The energy which comes

from the core, or nucleus, of the

atom is called nuclear emergy.

Among our energy resources, only
the light and heat radiation re-
ceived from the sun is greater than
the presently known sources of nu-

clear energy.

Fig. 7. Nuclear energy is changed to
thermal energy and the thermal .
energy powers the submarine.

~

In summary, we identify the fol-

lowing forms of energy:

I. Mechanical energy
(a) Gravitational potential
energy
(b) Elastic potential energy
(¢) Kinetic energy (rotational
and translational)
II. Electromagnetic energy
(a) Electrical energy
(b) Electrostatic potential
energy
(c) Electromagnetic radiation
III. Heat energy
IV, Chemical energy

V. Nuclear energy



Transformations of Energy

It is possible to think of

many diflcrent processes which

when using nuclear energy, heat

is produced before the work is

involve changes from one kind done. The main feature of

to another among the different the toaster is the changing of

tyvpes of energy. For example, electrical energy to heat.
GRAVITATIONAL
POTENTIAL
~—a ELASTIC
f POTENTIAL
RGY
<+ — B-B GUN \ENE‘/
HYDRO-ELECTRIC
GENERATOR
ELEVATOR
ELECTROMAGNETIC ELECTRIC NEchEL:GAVR ‘
ENERGY
\\\
ELECTRIC HEATER
BATTERY b
. NUCLEAR -
CHARGING ———
4 \L ACREACTOR
BATTERY CHEMICAL THERMAL

DISCHARGING ENERGY
Fig. 8.

enerqy

Let's look at some other situa-

tions which involve energy transfor-

mations.

Fig. 9. The yo-yo.

BURNING —P

ENERGY

A few of the many different
transformations.

As the yo-yo unwinds, it drops
lower, thus losing gravitational
potential energy. But as it moves
down, it goes faster; therefore, the
kinetic energy increases. Thus we
have an example of the change of
gravitational potential energy into
translational and rotational kinetic
energy. When the string is all un-
wound, it starts rewinding; the yo-yo
¢limbs back up, transforming kinetic

energy into gravitational potential




energy.

You will find a clever example
of energy transformation in the
pop-up mechanism on some toasters,
When you push down the handle to
lower the elevator mechanism, it
compresses a spring. When the
toast is done, the elevator is re-
leased and the elastic potential
energy is changed into other forms.
Some goes into gravitational po-
tential energy of the elevator and
toast. Some geces into translational
kinetic energy of the elevator and
toast.

A difficulty appears when de-
signing the elevator. 1If the spring
is made strong enough to lift the
heaviest slices of bread, it will
be so strong it will throw the
lightest slices into your corn
flakes. When you examine the toast-
er in the laboratory, you will see
how this problem is solved by caus-
ing some of the elastic potential
energy to go into rotational kinet-
ic energy.

In almost all processes in-
volving energy transformation, some
heat is produced whether you want
it or mot. In the two cases just

discussed, the yo-yo and the toast-

er elevator, the rubbing of one

surface on another produces heat en-
ergy (but not much). As another ex-
ample, an electric motor gets warm
while running because of friction in
the bearings and because of resist-
ance in the wires,

Discuss the energy transforma-
tions in the following devices or
processes:

1) a flashlight

2) a wind-up clock

3) a car moving at constant

speed

4) a car accelerating

5) a football thrown intg the

air

Conservation of Energy

Throughout the preceding dis-
cussion of energy transformations,
we have hinted at an idea: Energy

cannot be created or destroyed, al-

though its form may be changed.

This is a very fundamental law of

nature and is called the law of con-

servation of energy.

In order to proceed with a mean-
ingful discussion of the law, we must
state how to assign numbers to various
forms of energy. Descriptive terms
are not sufficient; we need numbers.
Although it is possible to do this for

all the various forms of energy, we




will concentrate on the two forms
of central importance to the toast-
er: electrical energy and thermal

energy.

ELECTRICAL ENERGY®

The amount of electrical en-
ergy delivered to or by a circuit
element is determined by three
things: the current, the voltage,
and the time,

Current is the rate at which
electric charge flows through a
The common unit for cur-

The

circuit.
rent is the ampere. device

used for measuring current is

called an ammeter. (The name 'am-
meter'" comes from "ampmeter," but
for some strange reason the "p" is

left out.)

*This treatment of electricity is
valid for all direct current cir-
cuits and for many alternating cur-

rent devices, including the toaster.
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The voltage between two points
in an electric circuit is equal to
the work done per unit charge as the
charge moves from the first point.to
the second. Saying it another way,
for simple circuit elements like
heating coils, a larger voltage a-
cross the element causes a larger
current to flow. The unit of volt-
age is the volt; an instrument that
measures voltage is called a volt-
meter.

The work that charges (elec-
trons) do when they move through
the wires of a toaster is to\bump
into atoms of the metal wire and
cause them to vibrate. The energy
of the vibrating atoms is the same
energy we previously called heat en-
ergy or thermal energy. If a cer-
tain unit of charge produces 2 cal-
ories of heat energy when it flows
through a resistor, and if 3 such
units flow through the resistor
every second, then the heat energy
produced is 6 calories per second.
{The calorie is a unit of heat. It
will be defined later).

Since voltage is work per unit

charge and the current is rate of

flow of charge (charge per unit time),

the product of the two is work per

unit time:




work
charge

charge _
time

work
time

The rate of doing work (work
per unit time)} is called power.
Thus we have:

voltage X current = power.
In terms of the common symbols for
these quantities,

VL = P

If the voltage is expressed in
volts and the current in amperes,
then the power is in units called
watts, one watt equals one volt-
ampere. To give you some feeling
for the size of a watt, a person

running up a flight of stairs uses

EXPERIMENT 1 - ELECTRICAL POWER -
IMMERSTON HEATER

In this experiment you will meas-
ure the electrical power delivered to
an immersion heater and will compare
the measured value with the manufac-
turer's rating for the device.

Since electric power is the pro-
duct of current and voltage, it can
be determined quite easily through
use of an ammeter and voltmeter. To
simplify the wiring, a transfer box
is provided.

The immersion heater, voltmeter,

and ammeter are all connected to this

about 500 watts of power. box.
Yod % d ok e dok % v % ok N ok ok k% CAUTION: Be sure the transfer box is
NOW IS THE TIME TO DO EXPERIMENTS not plugged in when you make
1 and 2 yvour connections. Your in-
Yok ok ok %k Fo% f o o ok ok ok e ok ok structor will plug it in
A-C Outlet
Voltmeter o— l
Connections o [ ii::}::
Ammeter

Connections

Transfer Box

it




after checking your cir-
cuit.

Place the heater in a cup
of water before closing
the circuit; it will burn
out if provided with power
when not in watexr. Com-
plete the connections and
ask your instructor to
check the circuit.

Record the meter readings, then

unplug the heater. Compute the power.

Does it agree with the rated power

stamped on the heater?

EXPERIMENT 2 - ELECTRICAL POWER -
TOASTER

Use the procedure of ¥Frperiment
to determive the power delivered to
the toaster. Compare with the manu-
facturer's rating.

*ododok Kok ok ok ok ok Kok Kk ok k%

Example 1. Determine the power

provided by o 6 volt battery to a

cireuir drawing 2 smperes,

Seolution:

P=V1

il

(6 volt) (2 amperes)

12 (volt X ampere)

12 watts.

dod ok F ok Kk ok % % Kk ok ok Kk ok K %
Example 2. A light bulb is

stamped "40 watts, 120 volts." How

much current will it draw when con~-

nected to a 120 volt line?

Fig. 12.

Solution: In this case the power and
voltage are known and it is necessary

to solve for current.

P=1V
P
I=*\'}:

= 4} watts
120 volt

= 40 (volt x awpere)
120 volt

1
T
3 ampere.
EE I S R I I L T A
In many cases we will be inter-

ested not in the rate at which work



is being done, but the amount of
work done during some time. Since
power is the rate at which work is
done, just multiply by time to get
the work, or energy:
W = Pt
= VIt

If the power is in watts and
the time in seconds, then the work
or energy is in watt-seconds. This
combination of units appears so
often we give it a name of its own;
joule. That is, a joule is a watt-
second. To give you a feeling for
the size of a joule, it is approx-
imately the energy needed to lift

a hamburger three feet.

ok oFod ok ok k ok ok ok % ok ok K ok k%

Example 3. How much electri-
cal energy is converted to heat and
light if & 100 watt light bulb is

left on for one hour?

Solution:
W= Pt
= (100 watt) (1 hour)
= (100 watt) (3600 sec)

= 360,000 joules
hodok ok ok ko k ok ok ok ok Kk ok Kk koK ok
Although the joule is the
unit of work and energy preferred
by scientists, a more common unit
when dealing with electricity is

the kilowatt-hour, abbreviated kWh,
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It is the energy of a 1000 watt (one
kilowatt) source run for a time of
one hour. This is approximately tbe
energy needed to lift a car to the

top of the Empire State Building.

The conversion between kilowatt hours
and joules is easily established:

1000 watt hr

1000 watt (3600 sec)
3.6 x 10% watt-sec
3.6 x 106 joules

In circuit problems, it is con-

1 kilowatt hr =

it

]

venient to compute the energy directly
in units of kilowatt-hrs.

* ko k ok k ok ok k% ok ok k% %k x %

Example 4. How much energy is
required to mgke a slice of toast?
The toaster is rated at 1200 watts,
and the toasting time is one minute.
Express the answer in kilowatt-hrse,
Solution:
W =Pt

= (1200 watts) (1l min) :

= (1.2 kilowatts) (1/60 hr)

= 0,02 kilowatt-hr 7
R R EEEE EEEEE] %

Example 5. If electricity costs
2¢ per kilowatt-hr, for how many
hours will 50¢ run a 1000 watt space
heater?
Solution: At 2¢ per kilowatt-hr, 30¢
will buy 25 kilowatt-hr. Knowing tlhe

number of kilowatt-hr, we can solve




for the time:

W = Pt
t = W/Pp =22 KWhT o0y,
1 kw

 k ke ok %k ok vk kR ko kKK

THERMAL ENERGY

Raiging the temperature of an
object by rubbing it is a simple
experiment which shows that wérk

and heat are somehow related.

' Fig. 13.' Rubbing causes a temperature
Tttt rise. ‘

Indeed it was just this type of ex-
periment which led to the identifi-
cation of heat as a form of energy.
Near the end of the eighteenth cen-
tury Count Rumford noticed that
during the drilling of cannon bar-
rels, heat was produced for as long
as the drilling continued. Later
experiments proved that other forms
of energy could be changed to heat,
and vice versa. These observations
led to the statement of the basic

law of conservation of energy.

14

However, long before it was realized

that heat is a form of energy., sci--

entists had studied the effects'of
heat on such things as temperature,
melting, and boiling. To explain
their observations they assumed that
a substance, which they called "ca-
lorie,” flowed from one object to
another during heating processes.
Although we no longer believe the
caloric theory, a souvenir remains
in the name for a unit of thermal
energy, the calorie, A calorie is
the heat required to raise the tem-
perature of one gram of water one
centigrade degree,

If heat is applied to a sample
of material, the temperature will
rise. We find that the amount of
heat required is proportional to the

mass (m) of material and also pro-

portional to the change in temperature

@1T)*, That is,

Q = cmAT
where Q is the amount of heat and c¢
is a constant for a given material
but has different values for differ-
The constant c is
Note that

ent materials,

called the specific heat.

*The symbol A, which is the Greek
letter delta, indicates the change

in a quantity,



from the definition of calorie,
the specific heat of water is one

calorie per gram-centigrade degree.

The table below lists the experi- -

mentally determined values of spe- -

cific heat for several common sub-

If the specific heat of a substance stances, (The values are the same

is known, the amount of heat re- in both the metric system of units
quired to increase the temperature and in the British system which will
of a given mass of the material a be described shortly.)
given amount can be determined.

kb k k ok ok k k ok ok ok ok ok ok ok ok hkk ok k ok hk ok %k ok ohk ok kA ok k ok kK Kk

TABLE I, Specific Heat

cal/gmC® or B.t.u./1b FO

Aluminum 0.215

Bakelite 0.55 .
Copper 0.092

Glass 0.20

Iron 0.113

Lead 0.030

Water 1.00

* ok k k ko k ok vk ok ok k ok ok ok ok ok ok kokx kk ok ok ok kkk ok hkk ok ok ok ok ok K

Example 6, How much heat is mula Q = cm AT, m must be expressed

required to raise the temperature in grams if you want Q to come out

of 5 kilograms of iron six centi- in caloriea. Some scientists pre-

grade degrees? fer to express m in kilograms and

Solution: Consulting the table this will result in a value for Q
This

unit for energy, the kilocalorie,

above we find that the specific
heat of iron is 0.113 cal/gm-CO.

expressed in kilocalories.

Q=ocm T is the sawe amount of convertible
= (0.113 cal/gm C€° (5000 gm) energy contained by food when a
L&}
(6 ¢%) dietician says the food contains
= 3,390 cal

one calorie. To say it another way,

Note that in using the for- the "dietary calorie" is really a

15



kilocalorie.
LA A R E E R E S

NOW IS THE TIME TC DO EXPERIMENT 3

ok ok ok ok ok ok ke ok ok ok kok ok Kk ok Kk

EXPERIMENT 3 - CONVERSION OF ELEC-
TRICAL ENERGY TO THERMAL ENERGY

In this experiment you will de-
termine the electrical energy pro-
vided in heating 2 cup of water, and
will compare it with the increase in
thermal energy,

The electric energy provided is
equal to the product of the power
and the time. Therefore by adding
& clock to the equipment used in
Experiment 1, you will be able to
determine the energy.

The increase in thermal energy,

Q, is determined by the mass of water,

m, the specific heat of water, c, and
the change in temperature, AT:

Q =mcaT,

Plan your experiment. We sug-

gest that you start with cold tap
water and heat it to about 80°C,
inserting the heater nearly to the
bottom of the cup. Stir gently but
continuously. Before beginning,

note which quantities must be meas-
ured in order to calculate the elec-
trical energy and the thermal energy.

After completing your measure-

16

ments, caicuiate the electrical en-
ergy provided in joules and thévinJ.
crease in thermal energy in calories.
Compare the two by applyiﬁg the ap-
propriate conversion factor. How
well do they agree? What factors
could cause the two values to differ?
L EE EEEEEEE R

Another heat unit frequently
used in English speaking countries
is the British thermal unit, ab-
breviated B.t,u, A B.t.u. is the
amount of heat required to raise the
temperature of one pound of water
one Fahrenheit degree,

Calories and B.t.u.'s are dif-
ferent units for the same physical
quantity, energy. So they must be
And

they can both be related to the units

related by a conversion factor.

for energy introduced earlier, joules
and kilowatt-hrs, The conversion
factors for these energy units are
given in the table at the top of the

following page.



TABLE II

Conversion Factors

7

one joule = 2.78 x 107’ kwh

= 0,239 cal
-4
= 9,48 x 10 B.t.u,

6

one calorie = 1.16 x 10”° kwh

4.18 joule

3.97 x 10”2 B.t.u.

********************

Example 7. How much energy
is required to raise the temper-
ature of 10 1b of copper from 70°
to 250°F? Express the answer in
B.t.u.'s, calories, joules, and,
kilowatt-hrs,
Solution: We can apply the equa-
tion
Q = cmATE.
Since the amount of material and
the temperatures are expressed in
English units, it will be conven-
ient to do the calculation first
in B.t.u.'s. Consulting the spe-
cific heat table we find the spe-
cific heat for copper.
Q = (0.092 B.t.u./1b-F")
(10 1b) (180F%)
= 166 B.t.u.

Now we can use the conversion fac-

17

one kWh = 3.60 x 106 joule

8.60 x 105 cal

3.41 x 103 B.t.u,

]

one B.t.u, 252 cal

it

1055 joule

4

2.93 x 107 kwh

% ok Kk Kk k ok % %k k ok k k k Kk k vk

Tablé II to express the heat

~

tors in

in other units.

Q = 166 B.t.u. (Z%Z—SEi)
4 I o 3
= 4,18 x 10 cal
Q = 166 B.t.u. 619%2—13313)
: .t.u.
= 1,75 x 107 joule
Q- 166 B.t.u, (2:23X 107 kuh)
beu. B.t.u,

4.86 x 10"% kwh
E I S I T B I R R

Example 8a. How many calories -
of thermal energy are produced by a
1200 watt toaster which stays on for
one minute?
Solutioﬁ: In Example & we calculated
the energy for such a case:
W= Pt
(1200 watt)

.02 kwh

{1 min)

it



Applying the conversion factor from
Table IT

Weq-=1.72 x 10*
* ok ok ok ok ok ok ok k ok kk ok ok ok %k &

cal
Example 8b, How much water
can be heated from room temperature
(20°C) to the boiling point (100°C)
by the heat referred to in example
§a?
Solution:

Q

m ==

cm AT
Q

wr
- 1.72 x 10 cal
(1 cal/gmCO) (80C°)

This is approximately one cup of
water.

* k k ok k ok ok k k ok %k k ok %k ok %k

Example 9. An electric heater
is imbedded in a 2 kilogram pilece
of aluminum., The heater draws six
ampereg at 120 volts., If the tem-
perature of the aluminum is ini-
tially ZOOC, what will it be at the
end of five minutes? (Ignore any
heat losses tolthe surroundings.)
Solution: From the information on
current, voltage and time, the
amount of electrical energy can be
calculated,
W = VIt
= (120 volt) (6 amp) (5 min)
= 3600 watt-min

= 216,000 joule

= 215 gm
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by 10 ¢°, or 200 cal/c®.

This energy appears as heat. For '
determining the temperature change,.
it is convenient to express this .
energy in calories,. .
W= Q= 216,000 joule (—irSdi—)
Q ;000 joule (z—g—oute
= 51,600 cal

Now we can use the equation

Q = cm AT,
Solving for &T,

AT = Q/cm

. (51,600 cal)
(0.215 cal/gmC%) (2000 gm)

= 120¢°

T.. . = 20° + AT = 140%

final .

Therefore the temperature at the end
of five minutes is 140°C.
ok ok ok ok ok %k ok k ko k% ok ok kK
Another quantity often met in
dealing with heat problems is the
heat capacity, K, for an object. It
is defined as the heat added to an
object divided by the change in tem-
perature resulting. For example, if
2000 cal are required to change the
temperature of some object.by 10 Co,
the heat capacity is 2000 cal divided'
Note that
heat capacity is a characteristic of
an object whereas specific heat is a
If

the heat capacity of an cbject is

characteristic of a material,

known, the heat required for a speci-

fied temperature change is readily



determined:
Q = K A&T,
T R E R EEEEEEER]

Example 10, The heat capacity

of a pot of beans is 1500 caL/CO,
How much energy is required to
raise its temperature from 20°¢C to
90°¢?
Solution:
Q = RAT
= (1500 cal/c®) (70 ¢°)
= 105,000 cal,
d ok ok ok ok ko d ok ok ok hkkk %ok ok K
For an object made up of sev-
eral materials, the heat capacity
can be calculated if the amount of
each material and the specific

heat for each material is known.

(

4

" Fig. 14.

Ty

Suppose you have an object made
up of three materials, a,b,c,

with masses mo, M, m, and spe-

cific heats Cys Cor To produce

s
a temperature change AT in material
a, the amount of heat required is

Qa = camaAT.

Similar expressions apply for mater-
ials b and c¢. The total heat needed
to raise the temperature of the en-
tire object is
Q=0,+Q +Q
= +
camab'l‘ + cbmﬁT ccmcc T
' ¥4\
= (Cama + SN + ccmc) T
This same total heat can be expressed
in terms of K, the heat capacity:
Q =KaT,
Comparing the two expressions, we
see that the following must be true:
K= C,0y + Ly + c.m, -
This procedure can be used no matter
how many different materials are in-
volved,
ok ok ok ok ko k k ok dkok % ok ok ok kK
NOW IS THE TIME TO DO EXPERIMENT 4
k k k ko k dk k ko k k ok ok ok ok Kk kK

EXPERIMENT 4 - HEAT CAPACITY

In this experiment you will
experimentally determine the heat
capacity of the toaster and will
compare the result with a rough es-

timate based on the mass and speci-



fic heat of the materials in the
toaster.

Recall the definition of heat
capacity; the heat capacity of an
object is the heat required to pro-
duce some temperature change. |

The amount of heat is equal
to the electrical energy delivered
to the toaster. It can be deter-~
mined by measuring the power for
the toaster and the time during
which that power is applied. Since
heat is customarily expressed in
calories, it is appropriate to con-
vert the energy in joules to energy
in calories by applying the appro-
priate conversion factor.

The change in temperature can
be determined by attaching a ther-
mometer to the toaster. However
there are some complications, The
heating occurs in the heating ele-
ments within the toaster, and it
takes some time for this heat to
be distributed so that the toaster
will have a uniform temperature.
(In Experiment 3 you could keep
the water temperature uniform by
stirring; unfortunately you cannot
stir the toaster.,) While you are
waiting for a uniform temperature,
there will be considerable heat

loss to the surroundings., This

effect can bé reduced by placing an
insulating box over the toastei, but
the losses are still appreciable,,
Fortunately there is a w&y to approx-
imate the effect of these losses and
adjust your data accordingly.

Suppose that you plugged in
the toaster, left the power on for
a minute or so, and then removed the
plug. You then record the temperature
as a function of time, taking readings
every 30 seconds both while the power
is on and for 20-30 minutes after the
power is turned off. Don't stop until
the temperature reaches the value it
had when the power was turned off. If
you plotted these data, the graph
would look like the solid line in the
graph below:

 ;gg'
= ]
©
e :;
o
=
on off RENCRE

The temperature will rise only

slightly during the short time that



the toaster is on because very lit-
tle of the heat will have reached
the location of the thermometer.

If there were no losses, the tem-
perature curve would follow the
dotted line, approaching some final
temperature as the heat gets dis-
tributed throughout the toaster.

The effect of the losses is to cause
the temperature to follow the solid
line. By noting the temperature
loss per unit time during the cool-
ing part of the curve, you can ob-
tain an approximate value for the
temperature loss during the rising
portion of the curve. To do this,
pick a time when the temperature of
your toaster was just beginning to
fall, Pick a later time at which
the temperature had fallen to a
value equal to what it was when the
power was turned off. Divide this
temperature difference by the e-
lapsed time in minutes., The num-
ber you get is the average number
of degrees the temperature fell
each minute over this temperature
range. Multiply this number by the
number of minutes the temperature
of the toaster was risiung. Since
the toaster presumably "lost" this
many degrées while it was heating,

this number should be added to the
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total observe& increase to obtain the
increase we would have observed for -
the same energy input if there héd_
been no heat losses to the surround-
ings.

With the toaster unplugged and
set for "light" toast, attach the ther-
mometer to the end with the tape pro-
vided, and lower the elevator. Care-
fully place the insulating box over
the toaster, guiding the thermometer
through the hole in the box. Wait a
few minutes to be sure the temperature
is steady, Use the time to plam your
measurements and prepare you£ data
sheet, You must record the current,
voltage, and the time the toaster
stays on after plugging it in. Tem-
perature should be recorded every 30
seconds during the early part of the
run, Later, when the temperature is
changing more slowly, the measurements
can be less frequent,

Calculate the heat capacity of
the toaster from the experiment data.

For a comparison with the ex-
perimental value, a rough estimate of
the specific heat can be calculated
from the mass and specific heat of the
’ To do this

it helps to have the toaster partly

materlals in the toaster,

taken apart. (Check with the instruc-

tor before doing this.)} This provides



you with three components whose
contribution to the heat capacity
can be computed separately; the
steel case, the ''guts," and the
end caps. The mass of each of
these can be determined with a
beam balance.

The contribution from the
steel case can be determined eas-
ily by multiplying the mass by
the specific heaf of steel (about
0.1 cal/gm Co).

The msterial in the end caps
is either bakelite or a similar
material. If you check tables of
specific heat for such materials,
you find that they all have a value
of about 0.5 cal/gm €°. Thus the
contribution from the end caps can
be estimated. ‘

The contribution from the re-
mainder of the toaster presents a
problem because there are many dif-
ferent materials, However, if you
check the specific heat for any of
the materials which appear in sig-
nificant quantity, you find that
they vary between 0.1 and 0.2
cal/gm €°. Therefore if you use
a value of 0.15 cal/gm CO, your re-
sult should be accurate to within
about 25%,

From these three contributions
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obtain your fbugh estimate of the heat
capacity and compare with the-véluei
determined from the heat and temper-
ature measurement., Do théy agree as
well as you might expect?

% ko %k Kk k k ok ok ok ok ok k ok %k Kk k%

Example 11. An object consists
of 2 kilograms of iron, 0.6 kilograms
of aluminum and 0.4 kilograms of ba-
kelite,

the object?

What is the heat capacity of

Solution:
K = (0,113 cal/gmC®) (2000 gm)
+ (0.215 cal/gmC®) (600 gm)
+ (0.5 cal/gmC%) (400 gm)
= (226 + 129 + 200) cal/c®
= 555 cal/c®

dh k k k k ok %k k K% k k %k Kk b ok k%

THERMAL EXPANSION

The preceding discussion has
provided the basis for an understand-
ing of the energy transformation (e-
lectrical to thermal) which occurs
in the toaster. Another important
feature of the toaster is the control’
system, the mechanism for shutting '
off the current at the right time,
Could this be a simple clock timer?
No; it takes less time for the sec-

ond batch than it does for the first

because the toaster is 'pre-heated."
The countrol system must somehow be

based on heat and temperature, not



time. To understand how this is LENGTH AT TEMPERATURE T.

accomplished, it is necessary to ! :

o, | ] .
begin by studying a physical pro- , L _ . Ai‘i A
perty called thermal expansion. < - - »e- ‘ » |
C ]
= LENGTH AT TEMPERATURE To 4 AT ‘

Fig. 16. In this figure the amount of |
| : thermal expansion is greatly

WINTER i . exaggerated.

Experiments show that the change
in length; &L, is proportional to
the original length, Lo’ and to the
change in temperature, AT:

AL = oL AT

, Fig. 15. The constant of proportiomality, & |,
Have you ever noticed that . is called the coefficient of linear
electric power lines sag more in expansion and its value depends on
summer than in winter? This oc- the material, Table III gives the
curs because the wires expand when experimentally determined values of
heated; this is called thermal ex- this coefficient for several mater-
pansion. ) ials.
B R E R R E E E R E R EREE I I I A A A
TABLE III
Coefficients of Linear Expansion
per c® per ¥’

Aluminum 23 x 107° 13 x 1078

Brass 19 x 107° 11 x 107°

Glass (Pyrex) 3,2 x 10‘6 18 x 107°

Invar 0.8 x 10'6 0.4 x 10"6

Iron 12 x 1078 6.6 x 10°°

Copper 17 x 107° 9.2 x 107°

d ok %k K % ok ok % %ok ko k% %k kk ok ok kok %k ok k% ko h ok okk ko ok ook ok
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kok ok ok ok ok ok ok ok ok ok ok ok ok ok ok % Figure 17 shows such a strip, The

Example 12, Determine the device consists of a thin stniﬁ‘of’.
change in length of a copper wire, iron attached to a thin strip of
originally 150 feet long, if the brass. If the temperaturé of the
temperature is changed from 10°F strip is increased, both the iron
to 90°F. and the brass will expand., However,
Solution: From Table III, o for the brass will expand about 1% times
copper is 9.2 x 10-6/F°. as much as the iron because of its

Al =L AT greater coefficient of expansion.

= (9.2 x 10-6/F0) (150 ft) How can the two have different
(80F°)

lengths and still remain fastened
= 0,110 ft = 1,3 in

together? The strip must curve, &s
k dk k ok k k k k ok ok kK ok ok ok kK

shown in Figure 17,
This dependence of size on

temperature can be used in devices k d Kk Kk kA ok ok ok ok ok k kKR Kk k
that measure temperature, and in OPTIONAL DERIVATION
devices that control temperature, % ok kK kK k ok ok ok ok ok k ok Kk kKK

such as the control mechanism in
a toaster, Because the change in
length is very small, many of these .
devices use two different mater- N

ials in a clever way which has the

effect of magnifying the movement,

.
.
.

The arrangement is called a bimetal-

lic strip. .
BRASS v, . ; . e
- e v .0 T Fig. 18.:
cooL L g Co
e = ’Qg? Figure 18 shows an idealized
LRON ,” ) "model" of what happens when a bi-

.‘\\ ' metallic strip is heated. For our
MARM Z

model we are assuming that the strip

curves so that it is simply an arc

of a circle whose radius is R, The

' Fig. 17. A bimetallic strip curves | angle H is a convenient quantity to
’ when heated.

t
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use as a measure of the curvature,
Our task now is to predict 8 ; that
is, to find an expression for # in
terms of the original length, Lo’

the change in temperature AT, the

two coefficients of expansion, aLb

and 041,

strip, d.

and the thickness of each

First let us find § in terms
of the length of the brass strip,
Lb’ and the length of the iron

strip, L Note that L, is a cer-

i’ i
tain fraction of the circumference
of a circle; the fraction is 3%%5.

Therefore

L, = —jaﬁ-times circum-
i 360
ference

= L
360°

27R where
R is the average radius of the iron
strip., We can write down the cor-
responding expression for the length
of the brass strip, noting that the
average radius for the brass strip
is greater than that for the iron
by an amount equal to the thickness,
d;

L, =385 2T R+ D).
Subtracting,
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Solving for 9‘,

360°
6= 277

Lb—Li
d

Now we can write expressions

for the lengths of the two strips
in terms of their lengths when they
were straight (which were equal),
their coefficients of thermal ex-
pansion, and the temperature in-
crease which caused the strips to
curve,

L =L + &L
o}

b b

=1 +o L AT,
o] b "o

Similarly,

Li = Lo + di LOABT

Subtracting,

Lb - Li

=X L AT -« L AT
b o i o
= (o(b- O(i) LOAT
Inserting this in the expression
for 6 ,
p - 360° (- %) L AT
2

d
ok ok ok ok ok h ok % %k Kk k k k% %

Example 13. A bimetallic strip,
made of iron and brass strips each
0.01 inches thick, is straight and
three inches long at IOOC. Deter-
mine the amount of curving at 8000,
by specifying & .

Solution:

g 360° (19 x 10°°- 12 x 10°%¢ @in) (0
2

0.01 in.




. {7 = measure the movement of the end of a
bimetallic strip made of brass and
= a" invar as the temperature changes, and
Rode ok Sk ok Rk xSk w k ok W will compare your experimental results
When des a bimetallic with the relationship introduced in

strip for gse the text:

2

contyrol

L»«—-i

SE
Q.

(1) &8 = (c-cb‘ affi) £ T

travei at the

end the ang & where the symboly have the following
e . meanings:
o e o i

£35: distance traveled by free
o end of strip
L ¢ length of strip
o
2d:  thickness of strip
We will not derive the expression ; ces . .
' - R 9}; coefficient of linear ex-
for A s, but will simply state it: pansion for brass
2d .2 B8 e e
58 = - - - sin -, ,: coefficient of linear ex-
(k- ) & T 2 i . i .
o pansion for invar

it is possible to write a simpler

i 4T:  change in temperature
approximate expression which can
be used in moust cases:
s
I.J =
5 O (i X ) AT
D e - A
zd b i
This cupression is guite accurate y/
for cases where & is no larger /'/// gﬁ%ﬁ
, e /// ™" 3
T e i1y . 4 PR e o 3 & s

than 30, which corrvesponds toas G
no greater than one fourth of L .

G
B A A I T I R T R .
HNOW I5 THE TIME TO DO EXPERIMENT 5
A S A T A T T S Y S A S s
EXPERIMENT 5 - THE BIMETALLIC STRIP With this apparatus you will be

PE y

able to vary the temperature of the

water, and measures the position of the




free end of the strip as a func- versus temperature. Plot these data

tion of temperature. on a sheet of graph paper. Do Ehe»
Procedure: points fall approximately on a étpaight
1. Measure the length of the strip, line? Should they, accoréing to equa-
from the scale to the point tion (1)7?
where it enters the support From your graph, determine your
clamp, experimental value for the change in
2. Measure the thickness of the position per unit temperature f}%.
strip at several points and Using this value and equation 1, de-
obtain the average. (Note that termine o(b- u}. How well does this
this thickness is 2d.) agree with Table III? The agreement
3. Fill the tray to within about may not be exact because the coeffi-
one centimeter of the top with ¢ient for invar goes up considerably
cold water, for small changes in its composition.
4. Allow several minutes for the * ok deook ok ok ok ook ok ok ok ok ok ok % %
system to come to equilibrium, Example 14. A bimetallic strip,
then record the temperature made of iron and brass strips each
and the position of the end of 0.01 inch thick, is straight and three
the strip. _ inches long at IOOC. If one end is
5. Immerse the immersion heater clamped in a fixed position, how much
in the water and plug it in will the other end move if the tem-
for about two minutes., Stir perature is increased to 80°¢C?
gently after removing the power, L 2
6. Wait for about two wminutes As = —-—g—a ( CXb— D(i) AT
while stirring for the system (3 in)2 6.6 x 10'6/00)(7600)
to come to equilibrium, then = (0.02 in)

record the temperature and the = 0,21 in,
position of the end of the Since the result is much less
strip. than LO/A, it is not necessary to use
7. Repeat 5 and 6 until the tem- the more exact expression.
perature has reached approxi- ok ok ok ok ok ok ok ok ok ok ok ok ok ok k%
mately 50°. THE BIMETALLIC STRIP AS A THERMOSTAT
You now have data on position The bimetallic strip is fre-
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quently used in electric circuits
to turn the current on and off as
the temperature changes. In the
simplest application its purpose

is to keep the temperature constant,
or static, hence the name thermo-
stat.

The figure below illustrates

a simple thermostat circuit. The in-
sulating material in the base of the
thermostat cannot conduct a current.

Therefore there will be a current in
the heater only when the free end of
the bimetallic strip touches the con-
If it

is touching, the heater will be on.

tact point at the right end.

THERMOSTAT CONTACT
POINT
PONER
SUPPLY HEATER
> )
; Fig. 20. A simple

This causes the surroundings, in-
cluding the bimetallic strip, to
heat up. As the strip gets hotter,
it curves away from the contact
point, thus breaking the circuit
and turning off the heater. As the
temperature goes down, the strip
moves back to the contact point and
A well-

designed system of this type can

the cycle repeats itself.

hold the temperature variation to
less than a degree,

In the above example the heat

‘thermostat circuit.
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source is an electric heater. In a
home furnace system, the circuit is
used to start and stop the furnace.
%o ok ok d Kk Kk % k %k Kk ok * Kk Kk ok k%

NOW IS THE TIME TO DO EXPERIMENT 6

% ok k k k k k ok ok ok ok ok Kk ok k k%

EXPERIMENT 6 - THE TOASTER CONTROL
SYSTEM

In this experiment you will ex-
amine the mechanism which "decides"
when the toast is done and then shuts

off the power and pops up the toast,



Although the operation is not ter- tem,

ribly complicated, without some !

guidance it would probably take N ,
CONTROL
you a few hours to figure it out, 120 VOLTS SYSTEM
largely because some of the im- N\
portant parts and important move- HEATING
ELEMENTS
ments are difficult to see, The
suggestions below are intended
to guide you through the oper- It is now clear that lowering
ation in a logical order. the elevator starts the cycle., What

it?
CAUTION: Before beginning ends it? When the elevator pops up

. . the main switch will open, ending
your inspection of the system,

be sure the toaster is un- the cycle. Therefore you should

seek the mechanism which releases

plugged.
the - elevator so that the spring can
Lower the elevator and note push it up. Note the solenoid in
that this action closes the main the photograph.

switch on the toaster.

With the main switch closed, A solenoid is an electromagnet
current can flow in the heating which, when activated, pulls in a
eIements, and in the control sys- plunger. 1In the toaster, this action

29




releases the elevator, Demonstrate
this by pushing down on the plunger
with your finger. The next obvious
question is: what causes the sole-
noid to be activated? If you ex-
amine the circuit for the solenoid,
you will find that the only thing
preventing a current in the sole-

noid is the gap between the contact

points indicated in the photograph.

The electrical hook-up for the
solenoid can be represented by the

schematic diagram below,

STRIP SOLENOID

HEATER
CIRCUIT

[ !
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What makes the contact points
close? At this point it is valu-
able to see the control circuit in
actual operation, In order to do
this without exposing you to dan-
gerous temperatures or dangerous
voltages we have made modifications
in the toaster, These modifications
allow the control system to operate
in its usual way, but the main heat-
ing elements are by-passed, and the
voltage is reduced to a safe level,

First, be sure that the power

supply is not plugged in. Your in-

structor will plug it in after he
has checked your circuit,

Connect the toaster as indicated
in the photograph below, then ask the

linstructor to check it,

Lower the elevator to start the

(Be-

cycle, and watch what happens.
cause of the modifications, the
toaster will not get hot; otherwise

the events will be the same as in



normal operation.) 1In particular
watch the contact points which,
whén closed, activate the solenoid,
What causes the motion which
results in the closing of the con-
tacts? If you suspect a bimetal-
What

The photo below

lic strip, you are right,
heats the strip?
points out an insulating "stocking"
which covers a small heating ele-

ment wrapped around the bimetallic
strip. Although the stocking hides
some of the detail, you can see one
end of the heating element entering
the stocking, The other end is

connected to the strip. You might

HEATER

The electrical hook-up for
the strip heater can be repre-
sented by the schematic diagram

as shown in the right column.
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think that this heater would be on
all during the cycle, and simply
cause the strip to curve until the
solenoid contacts are closed thereby
completing the cycle. However, the
operation is not that simple, as you
will soon discover. Try to deter-
mine the circuit for the strip heater,
with particular attention to the two
pairs of contact points whose loca-
tion is indicated by the photograph
below. (To aid in locating them, a
red spot has been painted'on top of
one pair and a green spot on top of

the other.)

CONTACT POINTS

STRIP HEATER

c}FB [«

A: CONTACT POINTS FOR ACTIVATING SOLENOID.

B: CONTACT POINTS WHICH ARE OPENED TO
BREAK THE STRIP HEATER CIRCUIT.

C: CONTACT POINTS FOR BY-PASSING STRIP HEATER .




Now you should observe the until you hear a click, is straight

motion of the entire strip during down from the top, as in the photo-
- a complete cycle. The best view graph below.

for the first part of the cycle, : ’

Can you figure out what is " from the body of the toaster. When

happening? You will probably want . it clears the white block (pointed

to watch through several cycles, out in the next photo), it moves

since each cycle lasts for oanly up. This upward motion opens one

about a minute. pair of contacts, breaking the cir-

Perhaps you noticed that during cuit for the strip heater, It

the first part of the cycle, the also closes anﬁthér pair, thereby

strip curves in such a direction by-passing the strip heater.
that the center moves out, away

paichine ot




With no current in the heater,
the strip cools, and it begins to
straighten. The block prevents
the center from moving back in,
therefore the free end moves out,
eventually closing the solenoid
contacts and thereby completing
the cycle,

Why is the control system this
complicated? Why not simply have
the strip directly activate the so-
lenoid, and omit the part of the
cycle which causes the strip heater
Hint: What would

happen if you tried to make a sec-

to be by-passed?

ond batch of toast immediately after
%k ok ok ok ok kK ok ok ok ok ok ok ok ok K

Exampie 15, 1In the system
shown below, should the material
in the top of the bimetallic strip

be the one with the higher or the

the first? )
Here are some other queStipns'
you should consider: ‘
1. During the cycle the strip
clears the block and moves
up. How does it get back
under the block?
2. How does the "Light-Dark"
control function?
3. There are two adjustment
screws near the left side
of the control system,
What role do they play?
4, When the elevator pops yp,
a wheel spins., What pur-
pose does this wheel serve?
*odok ok ok ok ok h ok %k kok ok ok kK
lower coefficient of thermal expan-
sion? To lower the temperature in
the room should the adjustment

screw be moved up or down?

13

PONER

AIR

 SUPPLY

i CONDITIONER

Fig. 21.:

)

Answer: The waterial on top should
have the higher coefficient of ex-

pansion. To decrease room tem-

perature the screw should be moved

up.



SUMMARY

The transformation of electri-
cal energy to heat energy in the
toaster is an example of conserva-
tion of energy; although the form
of the energy is changed, the a-
mount of energy is constant,

In an electric circuit, the
power is the product of the volt-
age and the current, A unit for
electric power is the watt, which
is the same as a volt-ampere,

Power is the rate at which
work is done, and the work done
by the charges in a curcuit is
equal to the amount of energy de-
livered. Thus the energy delivered
by an electric circuit is the power
timee the time, or the product of
the voltage, the current, and the
time, If the power is given in
watts and the time in seconds,
the energy is in units of joules.
Another energy unit commonly used
in connection with electrical pro-
blems is the kilowatt-hour, which
is simply 1000 watt-hours.

The two wmost common units
for thermal energy are the cal-
(British Ther-

A calorie is the heat

orie and the B.t.u.
mal Unit).
required to raise the temperature

of one gram of water one centigrade
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degree. A B.t,u. is the amoun# of "
heat required to raise the temper-
ature of one pound of waéer one
Fahrenheit degree.

Different materials need dif-
ferent amounts of heat to raise
the temperature of equal masses by
the same amount., This property 1is
specified by stating the specific
heat: the specific heat of a mater-
ial is equal to the heat added to a
sample of the material divided by
the product of the mass of Fhe sam-
ple and the change in temperature,

Heat capacity is a character-
istic of an object, not a material.
It is equal to the heat added to
the object divided by the change in
temperature., Its value can be cal-
culated from the masses of the ma-
terials in the object and the spe-
cific heats of the materials.

Most materials expand when
heated, but different materials
expand different amounts for equal
increases in temperature. Because
of this, a bimetallic strip will
curve when heated,. This effect is
utilized in control circuits, such
as that in the toaster, to open and

close electrical switches,



1.

PROBLEMS

A flashlight is powered by two
dry cells which provide three

volts. 1f the current is five

amperes, what is the power rating,

in watts, for the bulb?

A 300 watt heater is designed to
draw 25 amperes. What is the
design voltage?

A certain car battery has the
capacity to provide 0.84 kilo-
watt-hours of electrical energy.
For how long can it run a 12
volt motor which draws 300 am-
peres?

An iron frying pan has a mass
of three kilograms. How much
energy is needed to raise its
temperature from 2000 to ZZOGC?
Express your answer in calories,
joules, kilowatt-hours, and
B.t.u.'s.

For a particular thermos bot-
tle 10,000 calories are re-
quired to raise the temper-
ature of the inside bottle

from 20°C to 70°C. What is

the heat capacity of the inside
bottle?

A pound of water has an initial
temperature of 176°F. What is
the temperature of the water

after losing 10,000 calories
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10.

of thermal energy to the air?

A 200 watt immersion heater is
used to heat an insulated con-
tainer of water. The amount of
water is 400 grams. Assuming
that all the energy goes into
heating the water, determine the
rate at which the temperature
increases.

Determine the heat capacity of
the following system: An elec-
tric skillet consisting of 1.5
kilograms of aluminum, 0.6 kilo-
grams of glass, and 0.4 Eilograms
of miscellaneous materials with
an effective specific heat of 0.3,
Inside the skillet is a stew con-
sisting of 1.5 kilograms of water
and 2.5 kilograms of meat and
vegetables having an effective
specific heat of 0.8.

Determine the change in length

of an aluminum wire originally
200 feet long if its temperature
is changed from 0°F to 1OOOF.

You have a strip of metal one
meter in length. It is known

to be either iron or invar. You
find that when you change the
temperature by 100°C the length
changes by an amount somewhere

between one-half and one-and-a-




16,

Room
Thermostat

—)
110 Volts

Stack
Control

Ormemmeeman

NOTE: If the fuel ignites, the heat going up the stack
causes the stack control to close, shorting the

heater in the safety-reset circuit.

Otherwise

the safety-reset circuit will open and will be
held open by the latch until manually reset.

A container is divided into
two parts by a verticle par-
tition, A fixed temperature
difference between the two
parts is to be maintained by
means of a control system
based on bimetallic strips.

In the diagrams below, the
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shaded part of each bimetallic

strip is brass and the clear
part is invar., In each case
the strips make contact when
they are at the same temper-
ature, Determine which ones
will produce the desired re-

sult,
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