Heat & Temperature Practice Items

100 °C converted to Kelvin scale is which of the
following?

A. 212K
B. 273K
C. 298K
D. 373K

The amount of heat necessary to raise one gram
of a substance one degree of temperature (K or
0 .

C) is called

A. one calorie

B. the specific heat capacity

C. the heat capacity of the body
D. the molar heat capacity

A floutist tunes her flute in the cool air-con-
ditioned environment of the hotel room 20 °C
where the speed of sound through air is ap-
proximately 343 m/s. The coefficient linear ex-
pansion for steel is 1.1 x 10° (°C)"'. When she
begins to play that evening under the hot stage
lighting the temperature on stage will be 25 °C.
The speed of sound through air is 346 m/s at 25
°C. When she begins to play

A. Her flute will sound slightly flat.

B. Her flute will sound slightly sharp.

C. Her flute will be in tune.

D. impossible to determine from given infor-
mation.

The figure below shows a contemporary en-
graving depicting Joule’s apparatus for mea-
suring the mechanical equivalent of heat. What
temperature change will occur for 100ml of wa-
ter as the 1kg weight in the apparatus descends

A. 002°C
B. 008°C
C. 02°C
D. 04°C
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What is the minimum energy required to trans-
form a 100 g piece of ice at -50 °C into steam?

=0.5 cal/g °C H =79.7 cal/g

£(H20)

= 1.0 cal/g °C H, 1, =539 cal/g
=0.5 cal/g °C

Cice
CH20(1)
Csteam
15.0 kcal
15.0 kcal
74.5 kca
149 kcal
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The temperature of the triple point of water

A. decreases with pressure

increases with pressure

equals 273.16 K

is higher than the critical temperature

Sav



The interior temperature of a house is main-
tained at 27°C. As compared to the day (17°C)
what is the percentage increase in the rate of
heat loss at night (7°C) through the walls of the
home?

A. 50%
B. 97%
C. 100%
D. 200%

Which of the following energy conservation
measures for the home minimizes heat losses
by conduction?

A. Installation of double-glazed windows

B. Placement of tight-fitting dampers in fire-
places

C. Weather stripping windows and outside
doors

D. Use of exhaust fans only when necessary

A stone wall is erected across the entire south
side of a house behind glass where it can ab-
sorb direct solar radiation and serve as a ther-
mal storage mass. Itis designed to store S00MJ
of thermal energy as it warms up from 16°C at
7 AM. to 36°F at 5 PM. The specific heat of
the stone used is 0.8 kJ/kg-°C. Find the weight
of stone required for the wall.

A. 80x10°kg
B. 14x10*kg
C. 3.1x10*kg
D. 5.6x10*kg

10.

11.

12.

If the temperature of the surface of the sun were
twice as great, the insolation on the side of the
planet Mercury facing the sun would be ap-
proximately:

A. 2 times greater
B. 4 times greater
C. 8 times greater
D. 16 times greater

An Antarctic observation post is constructed on
stilts as a cube with inner dimensions 2m on
edge. The four walls, floor and the ceiling are
0.25m thick, constructed from reinforced sty-
rofoam (thermal conductivity: 0.031 W/m-°C).
To prevent the temperature inside from drop-
ping below 20°C when the temperature outside
is —30°C, what is the approximate minimum
generator power required for heating?

A. 25W

B. 150W
C. 600W
D. 24kW

A glass blower’s furnace is radiating heat
through a 100cm? port at a rate of 2400W.
What is the approximate temperature inside the
furnace? (Stefan’s constant = 5.67 x 10 W/
m>K*)

A. 800K
B. 973K
C. 1167K
D. 1440K



Passage (Questions 13-17)

Solar water heaters come in a wide variety of de-
signs. Almost all include a collector and storage
tank. The performance of a solar collector is affected
by numerous factors including absorber plate design,
absorber coating, collector glazing, collector insula-
tion, and the orientation of the collector. The ambi-
ent air temperature and the intensity of the insolation
incident on the collector are additional factors affect-
ing the performance of a solar collector.
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Collector efficiency, 1, is defined as the ratio of the
usable energy output, E , to the incident solar radi-
ation, /. There are two primary reasons that a solar
collector system will not operate at 100% efficiency.
Firstly, not all incident solar radiation is absorbed by
the collector. Absorptance, A, of the collector refers
to the ratio of absorbed solar energy to incident solar
energy. Secondly, because the absorber plate has a
temperature greater than the surroundings, absorbed
solar energy will leave collector plate by conduction,
radiation, and convection. Assuming that heat losses
are proportional to the difference between the aver-
age temperature of the upper surface of the absorber
plate, Tp and the ambient air temperature, T , for a
particular unglazed collector at a given wind-speed,
the thermal loss coefficient, U, , expressed in W/
m?*C°, reflects the combined different modes of heat
loss per unit area of the collector as a single critical
factor for evaluating flat-plate collector performance.

The expression for the efficiency of an unglazed col-
lector is as follows:

E A UL(Tp -T)

1 1

Unglazed collectors are low-temperature collectors
designed to operate at temperatures fairly close to

the ambient air temperature. Stagnation temperature
refers to the maximum achievable temperature for a
solar collector with a stagnant fluid (no motion) at
a given ambient wind speed. Efficiency is zero be-
cause all of the absorbed energy must be lost to the
surroundings. Because their stagnation temperatures
are low compared to glazed collectors, unglazed col-
lectors are not usually designed for operating tem-
peratures greater than 5C° to 10C° above ambient
temperature.

13. The water flow rate through a bank of solar col-
lectors in a solar water heater is 35 L/hour. The
water-in temperature is 30°C, and the water-off
temperature is 45°C. What is the power output
of this solar water heater?

A. 126 W
B. 146 W
C. 525W
D. 610W

14. A 5m length of copper pipe runs from a solar
collector panel to a hot water storage tank. At
8 A.M. the pipe temperature is 10°C. AtS5 P.M.
the temperature has increased to 50°C. Given
that the coefficient of linear expansion for cop-
per is 1.7 x 105, how much will the length of
the pipe have increased?

A. 04 mm
B. 34 mm
C. 6.8mm
D. 34cm

15. A solar collector system is 100% efficient if

A. energy losses from the collector are zero

B. the absorptance of the collector is 100%

C. usable energy output equals incident solar
energy

D. the collector temperature equals ambient
temperature



16. Which of the following would increase sub-
sequent to the installation of a glass plate and
casement over the absorber plate of a solar col-
lector system?

17.

A.

the amount of solar radiation reaching the
collector plate

the stagnation temperature of the solar
collector system

the thermal loss coefficient of the collec-
tor system

convection losses from the collector plate

At the stagnation temperature of a solar collec-

tor system

A. water stops flowing through the collector.

B. the maximum temperature for the collec-
tor is reached for given insolation and am-
bient wind conditions.

C. the temperature is 5C° to 10C° above am-
bient temperature for glazed collectors.

D. usable energy equals absorbed incident

solar energy.
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Heat & Temperature
Answers and Explanations

1. D

The Kelvin temperature represents the true ther-
modynamic temperature. The Kelvin temperature
is directly proportional to the kinetic energy of the
particles of a particular substance (the constant of
proportionality depends on the molar heat capacity
of the substance). Zero on the Kelvin scale is called
absolute zero because it is the lowest possible tem-
perature. Molecular motion ceases. The size of a
Kelvin unit was developed to agree with the cen-
tigrade scale (100 gradations between the freezing
and boiling points of water), so in terms of the unit
magnitude: 1 K = 1°C. However, the Kelvin scale is
offset 273.15.

T=T +273.15

2. B

The specific heat is the heat capacity per unit mass.
Specific heat tells us how many joules (or calories)
are required to raise one gram of a substance one de-
gree Celsius. The unit of heat, the calorie, is defined
in terms of the specific heat of liquid water. The spe-
cific heat of water is 1 cal/g’C.

3. B

There are two things happening which will affect the
pitch of the flute. Thermal expansion alters the length
of the flute and the greater temperature increases the
speed of sound in air.

Thermal expansion occurs when the spacial dimen-
sions of a solid increase when it is heated. For small
temperature changes, the change in length is directly
proportional to the original length and the tempera-
ture change. The constant of proportionality for a
particular material, the coefficient of linear expan-
sion, a., is multiplied by the original length and tem-
perature change to determine the change in length.

-----

Al = al, AT

Because the coefficient of linear expansion for steel
given in the problem is 1.1 x 10° (°C)"'. A 5° in-
crease in temperature will produce a bit more than
half of 1/100 of a 1% increase in the length of the
flute. Lengthening the flute lengthens the wavelength
of the fundamental mode. (A flute is a pipe open at
oneend. A, =4L).

By itself the slightly longer wavelength would cause
the flute to found flatter. However, despite the slight-
ly longer wavelength the frequency is still going to
be higher than before. This is because the approx-
imately 1% increase in wave-speed in the warmer
environment will increase the frequency much more
than the flattening effect of the lengthening flute.

_v_n
f=5=ar
(=135,..)

4. A

Joule's experiment is one of the classics from the his-
tory of physics demonstrating conservation of ener-
gy. As the weight descends its gravitational potential
energy is transformed into the work the paddles do
on the water in which they are immersed. The work
of the paddles is dissipated through friction into ther-
mal energy. Joule demonstrated that the mechanical
work of the paddles is quantitatively equivalent to
heat flow.

First, we need to determine the initial potential ener-
gy of the weight.

U=mgh
U= (1kg)(10 m/s»(0.8 m)

U=8)J



Now we determine the change in temperature brought
about by the addition of 8 J thermal energy in 100 g
of water.

O =mcAT
0
AT = 4.6
8J
AT =

(100 g)(4.18Jg'°C’)

AT = 0.02°C

5. C

The path has four steps: 1) heating the ice from -50°C
to 0°C 2) melting the ice 3) heating the liquid wa-
ter from 0°C to 100°C; and finally 4) boiling the wa-
ter. The amount of heat which must be added for
temperature change equals the product of the mass,
specific heat and temperature change. For the phase
changes, the amount of heat equals the product of the
mass and the heat of transformation. Here are the
computations for each of the four steps:

Q. =(100g)(50 &) (50°C) = 2500 cal
Q.. =(100g) (80 <) — 8000 cal
Q_ =(100g)(1 L) (100°c) = 10,000ca
Q... = (1009)(540 <) = 54,000 cal

sum = 74,500 cal
6. C

The triple point of a substance is the temperature and
pressure at which the three phases of that substance
coexist in thermodynamic equilibrium. It is a specific
temperature and a specific pressure. The triple point
of water is at 0.01°C (273.16K) and 611.2Pa (4.58
torr).

7. D
The rate of heat flow through the walls by conduc-
tion is proportional to the difference between the
temperatures inside and outside the house.

Q = heatflow

t =

Q D T K thermal conductivity of
= B A L material

time

t‘ A = cross-sectional area
AT = temperature difference
across the conductor
(T,-T))
Ax = conductor thickness

During the day the temperature difference, AT, is
10°C. At night it is 20°C. Doubling the temperature
difference at night results in a 100% increase in the
rate of heat flow by conduction.

8. A

The space between the panes of glass in double
glazed windows is very effective at reducing heat
flow by conduction. Occupying the space is a gas
with a very low thermal conductivity. The lower the
thermal conductivity, K, the lower the rate of heat
flow by conduction.

Q = heat flow
time

Q | T K = thermal conductivity of
_— B A material

A = cross-sectional area

AT = temperature difference
across the conductor
(T,-T)

Ax = conductor thickness

All of the other choices represent methods to de-
crease the rate of heat loss through infiltration, in oth-
er words, the bulk movement of air from the home.

9. C

The thermal energy stored by the wall is proportional
to the mass of the wall, the specific heat of the stone,
and the temperature change.

0 = mcAT
9
M= AT
5x10°kJ
m:

(0.8 kJ kg °C")(20°C)

3
[

31,250 kg



10. D

Radiation is heat flow by electromagnetic waves.
The rate of heat flow, 2, from a body by radiation
is proportional to the fourth power of the tempera-
ture. (The rate also depends on the surface area of
the body and the emissivity, €, of the material. o is
Stefan-Boltzmann constant (5.7 X 10 W/m? - K?))

g = A86T4

Doubling temperature leads to a sixteen fold increase
in the rate of emission of radiation.

9) -Aec2D* = 164ecT*
(f )new

11. B
The heating power required will equal the rate of
heat loss through the walls by conduction:

QO _ g A AT

TR

0 W 0 |y 9X107°C
%= 149W ~150W

12. D

First, let's convert the size of the furnace port into SI
units, from cm? to m?.

100cm? - | 1x102m ) 1x102m )
cm cm
= 1x10%2m?

The port of the furnace is a reasonable approximation
of a blackbody perfect emitter (¢ = 1). The rate of

heat flow by radiation is proportional to the surface
area of the body, the emissivity, €, of the material and
the fourth power of the temperature.

heat (light) emitted
time

surface area of emitter

R
wowonouon

g = AeoT"

(5.7 x 10 W/m* - K?)
= emitter absolute temperature

~

Solving for the temperature of our glass blower's
furnace is a good exercise in operations of scientific
notation and mental math.

%z AgoT?
24%x10%J/s = (102 m?)(1)(6 x 108W/m2-K) T*
24 %103
T = gx10"
T = 4x107
T = 14x103K

Taking the 4th root of 4 x 10 is the same as tak-
ing the square root of the square root. Also, sim-
plifying the Stefan-Boltzmann constant to make our
math easier landed us a little lower than the answer
choice. When you do mental math and simplify num-
bers, keep track of the direction the error is going to
propagate. This will help you feel comfortable with
your answer choice and may help you distinguish the
correct answer if you land between two choices. This
usually won't be a problem, though, because numer-
ical answer choices on the MCAT are almost always
spaced far apart. The MCAT encourages mental
math.

13. D

Because the specific heat of water is close to mind
expressed on a per gram basis, let's convert our flow
rate from L/hr to ml/s. Remember 1 ml,  =1g, .,
so this will also be g/s.

35L hr 1000mly  10ml _ 10g
(hr )(36005)( L )~ s s




10g of water is flowing through the system per sec-
ond, leaving 15°C warmer. Because the specific heat
of water is 1 cal g'! °C'!, it's very good if you see 10g
of water increasing 15°C and say, 'that's 150 calo-
ries', and because 1 cal =4.18 J, you know then that's
about 600 J, so the power output of the solar water
heater is 600 J/s or about 600 W.

(129)(4;?; )(15°c) ~ 600W

14. B

The coefficient of linear expansion, o, is multiplied
by the original length and temperature change to de-
termine the change in length.

Al = al, AT

Al =(1.7%x10%°)(5m) (40 °C)

=34x103m

1s. C

In the passage collector efficiency is defined as the
ratio of the usable energy output to the incident solar
radiation. 100% efficiency would only occur if both
choices 'B' and 'A'" are true, ie. the absorptance of the
collector is 100% and energy losses from the collec-
tor are zero.

16. B

The stagnation temperature is the temperature at
which all absorbed energy is lost to the surroundings.
The glass plate and casement would decrease the
rate of conduction losses from the collector plate to
the environment for a given temperature difference
much as a double-glazed window decreases conduc-
tion losses from a heated building to the outside air.
Therefore, our water heater system would require a
higher collector temperature for the rate of energy
loss to equal the rate of absorption if the collector
were covered with a glass plate and casement.

17. B

The rate of heat loss from the system by conduction
to the surroundings increases with temperature. At
the stagnation temperature, the rate of heat loss has
grown to equal the rate of absorption. It is the max-
imum temperature for the collector for given insola-
tion and ambient wind conditions.
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