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Physics 5D Fall 2008

Assignment 4

Due at 11:59am on Wednesday, November 5, 2008

View Grading Details

 
USEFUL ADVICE FOR PROBLEM SOLVING: In all these problems (and most thermodynamics problems) you have to use energy
balance equations. Define your system, and its final and initial states. Consider what happens to its energy during that transformation
(does it receive heat or does it lose heat?), and where does this energy come from? For example in a typical problem, for an isolated
system A+B which are put in contact, we say after equilibrium is reached some heat has gone from A to B. Usually by equating the
heat lost from A to that gained by B, we can find our answer. Heat can also come from other types of energy (electrical or mechanical).
So writing all these energy transformations will lead you to the answer. We will see more of that next in the statement of first law...
 

Problem 19.26

Description: A m ice-skater moving at v glides to a stop. (a) Assuming the ice is at 0 degree(s) C and that 50 % of the heat
generated by friction is absorbed by the ice, how much ice melts?

A 56  ice-skater moving at 8.5  glides to a stop.

Part A

Assuming the ice is at 0  and that 50  of the heat generated by friction is absorbed by the ice, how much ice melts?

Express your answer using two significant figures.

ANSWER:
    =      

 

Specific Heat, Latent Heat, and Temperature versus Time Graphs

Description: An introduction to specific heat and latent heat, with an emphasis on interpreting temperature versus time graphs
under constant heating/cooling conditions.

Learning Goal: To understand specific heat and latent heat and how they are related to temperature versus time graphs.

Energy can be added to a system either by doing work  on it or by adding heat  to it. Energy transfer by work requires a

force to act through some distance. Energy transfer in the form of heat occurs between objects that are at different temperatures,
with energy spontaneously traveling from the higher-temperature object to the lower-temperature one. When energy is added to
an isolated system in the form of heat, either the temperature  of the system will increase or the system will undergo a phase

change at a fixed temperature.

The specific heat  of a sample characterizes the rate at which it changes temperature per unit mass when it receives energy in
the form of heat. The relationship between the energy input in the form of heat  and the resulting temperature change  is

,

where  is the mass of the sample and  is its specific heat, which depends on its phase. For this problem, assume that specific
heat values are a constant for all temperatures within a given phase, which is a good approximation.

The latent heat  of a sample characterizes how much energy is required per unit mass to force the system to undergo a phase

change at a fixed temperature. The amount of energy input in the form of heat  required to completely change the phase of a

sample with mass  is

.

Phase changes between solid and liquid phases are characterized by a latent heat of fusion . Phase changes between liquid and

gas phases are characterized by a latent heat of vaporization .

In general, every phase (solid, liquid, or gas) has its own specific heat value and every phase change has its own latent heat
value.

This graph in the figure shows how the temperature of an initially
solid sample changes as time goes by when it is placed above a
flame that delivers a constant heating power (that is, a fixed
amount of energy input in the form of heat each second). The
process occurs in five distinct steps:

1. Increase the temperature of the solid until it reaches its
melting temperature.

2. Melt the solid to form a liquid, maintaining a constant
temperature.

http://session.masteringphysics.com/myct/assignmentPrint?assignmentID=1165939#


11/19/08 6:12 PMMasteringPhysics

Page 2 of 14http://session.masteringphysics.com/myct

3. Increase the temperature of the liquid until it reaches its
boiling temperature.

4. Boil away all the liquid to form a gas, maintaining a
constant temperature.

5. Increase the temperature of the gas (this assumes that the
gaseous sample is confined).

Part A

Use the graph to rank the sizes of the following:

A. specific heat of the solid, 
B. specific heat of the liquid, 
C. specific heat of the gas, 

Keep in mind that energy is being delivered to the system in the form of heat at a constant rate by the flame.

Part A.1 Relate rate of temperature change to specific heat

Recall that specific heat  and temperature change  are related by the equation . The larger the specific

heat , the more energy in the form of heat  is required to achieve a specific temperature change (e.g., an increase of 

). In this problem, heat is delivered at a constant rate, so more heat requires more time. Thus, the slope of the temperature
versus time graph for a phase with a large specific heat will be ________

ANSWER: higher than the slope for a phase with a small specific heat.
equal to the slope for a phase with a small specific heat.
less than the slope for a phase with a small specific heat.

Now compare the slopes of segments A, C, and E on the graph to answer the original question.

Rank from largest to smallest specific heat. To rank items as equivalent, overlap them.

ANSWER:  

View 

The smaller the specific heat, the more quickly the temperature can change, so the steeper the slope on a temperature
versus time graph.

Part B

Use the graph to rank the sizes of the following.

A. latent heat of fusion, 

B. latent heat of vaporization, 

Keep in mind that energy is being delivered to the system in the form of heat at a constant rate by the flame.

Part B.1 Relate duration of phase change to latent heat

Recall that latent heat  and the energy transferred by heat  are related by the equation . The larger the latent

heat , the more energy in the form of heat  is required to change the phase. Thus, the amount of time it takes to

accomplish a phase change with a large latent heat will be _________

ANSWER: longer than the time required to complete a phase change with a small latent heat.
equal to the time required to complete a phase change with a small latent heat.
shorter than the time required to complete a phase change with a small latent heat.

Now compare the durations of segments B and D on the graph to answer the original question.

Rank from largest to smallest latent heat. To rank items as equivalent, overlap them.

ANSWER:  

View 

You can tell that the latent heats match because the horizontal segments are the same length. However, latent heats can be
very different from one another. With water, for example,  = 2256  is nearly seven times the magnitude of 

 = 333.7 .
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Refer to the temperature versus time graph when answering
the questions in Parts C through F. A system consists of 250  of
water. The system, originally at  = 21.0 , is placed in a

freezer, where energy is removed from it in the form of heat at a
constant rate. The figure shows how the temperature of the
system takes   to drop to , after which

the water freezes. Once the freezing is complete, the temperature
of the resulting ice continues to drop, reaching temperature 

after an hour. The following specific heat and latent heat values
for water may be helpful.
specific heat of ice (at )  = 2.10 

latent heat of fusion (ice to water phase change at )  = 333.7 

specific heat of water (at )  = 4.186 

latent heat of vaporization (water to steam phase change at )  = 2256 

specific heat of steam (at )  = 2.01 

 Part C

How much energy must be transferred out of the system as heat  to lower its temperature to ?

Hint C.1 How to approach the problem

Decide whether this is a single-phase/changing-temperature situation or a single-temperature/changing-phase situation; then
calculate  accordingly using the equations from the introduction. Look up specific heats and/or latent heats for water in the

table.

Express your answer numerically in joules.

ANSWER:     =      

 Part D

What is the cooling power ? Recall that the rate at which energy is removed, also called the cooling power, was described

earlier as being constant.

Hint D.1 How to approach the problem

Power is energy transferred per unit time. Since power is constant, any specific value for energy transfer along with the
corresponding time it took to transfer that energy will suffice to calculate power. Use your answer to Part C to calculate the
cooling power.

Express your answer numerically in watts (i.e., joules per second).

ANSWER:
    =      

 Part E

At what time  will the water be completely frozen so the temperature can begin to fall below ?

Hint E.1 How to approach the problem

First calculate how much energy needs to be removed from the system to freeze the water. Then use the cooling power to
figure out how long that will take. Don't forget to take into account the time it takes to cool the water down to freezing as
well.

Part E.2 Calculate energy extracted during this phase change

How much energy  needs to be removed from the sample, already at , to turn all the water into ice, still at ?

Express your answer numerically in joules.

ANSWER:     =      

Part E.3 Calculate time required to change phase

Recall that power is energy transferred per unit time. How much time  does it take to freeze the water, already at , into

ice, still at ? Note that this is not the answer to the overall Part E question.

Express your answer numerically in seconds.

ANSWER:
    =      
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Express your answer numerically in seconds.

ANSWER:
    =      

 Part F

If the cooling power remains constant, what will be the temperature of the system  after it has been in the freezer for

exactly 1 hour? This temperature is off scale on the figure.

Hint F.1 How to approach the problem

After you cool the water to  and then freeze it, how much time remains before the one-hour mark? Use that time, coupled

with the constant cooling power, to determine how much more energy will be removed. Then calculate the final temperature
of the system.

Part F.2 Find the time remaining to chill the ice

How much time  remains to lower the temperature of the ice before the one-hour mark?

Express your answer numerically in seconds.

ANSWER:     =      

Express your answer numerically in degrees Celsius.

ANSWER:
    =      

In actuality, the idea that the refrigerator removes energy from the sample at a constant rate is a bit unrealistic. Warm
objects lose energy more quickly than objects near the temperature of the freezer. This is described by Newton's law of
cooling, discovered by Sir Isaac Newton.

 

An Electric Water Heater

Description: Students use conservation of energy to calculate the performance of an electrical water heater. Gives P = IV for
power in a circuit.

An engineer is developing an electric water heater to provide a continuous ("on demand") supply of hot water. One trial design is
shown in the figure.
Water is flowing at the rate , the inlet thermometer registers ,

the voltmeter reads , and the ammeter reads current . Then the

power (i.e., the heat generated per unit time by the heating element)
is .

Assume that the heat capacity of water is  and that the heat

capacity of the heater apparatus is .

Part A

When a steady state is finally reached, what is the temperature reading  of the outlet thermometer?

Hint A.1 How to approach the problem

Determine the amount of heat input per unit mass of water that flows through the heater. Then use the definition of heat
capacity to compute how much the temperature of a unit mass of water will increase for a given quantity of heat. Combine
these two calculations to determine the increase in temperature of the water as it flows through the heater.

Part A.2 Find heat input per unit mass of water

How much heat  is delivered by the resistor per unit mass  of water flowing through the heater?

Hint A.2.a What relationships are involved

The power  dissipated in the resistor is equal to the energy dissipated per unit time. The flow rate  is equal to the mass

of the water that flows through the heater per unit time. Thus, if all of the energy dissipated by the resistor goes into heating
the water, then

.

Hint A.2.b Electrical power
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The electrical power disspated in a device is given by the product of the voltage and the current:

.

Express the heat per unit mass in terms of quanitities given in the problem introduction.

ANSWER:
   =    

Part A.3 Find the change in water temperature

If an amount of heat  is added uniformly to a substance of mass  and heat capacity , by how much will the

temperature of that substance increase?

Express the temperature increase  in terms of , , and .

ANSWER:
   =    

Express the outlet temperature in terms of , , , and any other given quantities.

ANSWER:
   =    

 Part B

Why is it unnecessary to take into account the heat capacity of the apparatus itself?

Choose the best explanation.

ANSWER: In steady state the temperature of the apparatus doesn't change. Hence its heat capacity is irrelevant.
The heat capacity of any of the materials used in a water heater is much smaller than that of water.
Since the actual heating unit is immersed in the flow all the heat goes directly into the water.

Imagine that the input temperature of the water is , the ammeter reads , the voltmeter reads 

, and the flow rate is . The heat capacity of water .

Part C

What is the power  at which the heater operates?

Hint C.1 Electrical power

The electrical power disspated in a device is given by the product of the voltage and the current:

.

Express your answer numerically, in watts.

ANSWER:    =     W

This is a large, but reasonable, power requirement for a household appliance.

 Part D

Calculate the temperature  of the water leaving the heater. Note that  is defined as the number of kilograms of water

flowing through the heater per minute, whereas the power is measured in watts (joules/second).

Express your answer numerically, in degrees Celsius, to the nearest integer.

ANSWER:    =     C

 Part E

Consider using this heater to generate "on demand" hot water for a home shower. The input water temperature (during the
winter) can be as low as  and the output temperature should be at least  for a moderately warm

shower. Assume a conservative flow rate of  (corresponding to about 2.5 gallons per minute).

If the heater is to operate on a US standard  wall plug, how much current  would it need to draw to meet the

design requirements?

Express the current numerically, in amperes, to the nearest integer.

ANSWER:    =     A
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163 A is a tremendous amount of current for a home appliance. Most homes in the United States are wired for a
maximum of 200 A for the entire house, and only 20 A on any particular outlet. For the electric heater to meet the modest
design requirements given, it would consume almost 20 kW of power!

For this reason, most "on demand" water heaters generate heat by burning a fuel such as propane, rather than using
electricity.

 

Calorimetry Conceptual Question

Description: Blocks of metals with different specific heats are cooled in water and ice baths. Find the different relative
equilibrium temperatures.

A 0.5  block of aluminum ( ) is heated to 200 . The block is then quickly placed in an insulated

tub of cold water at 0  ( ) and sealed. At equilibrium, the temperature of the water and block are

measured to be 20 .

Part A

If the original experiment is repeated with a 1.0  aluminum block, what is the final temperature of the water and block?

Hint A.1 Heat energy and temperature

The amount of heat energy  needed to change the temperature of a substance depends on the mass of the substance , the

specific heat of the substance , and the change in the temperature  of the substance. This is summarized mathematically

as

.

Hint A.2 Conservation of energy

The total amount of energy in the system must be conserved. Once the block is placed in contact with the cold water, heat
energy will flow from the hot test block into the cold water, lowering the temperature of the block and raising the
temperature of the water. A larger block can transfer a larger amount of heat energy for a given change in temperature. This
will result in a larger equilibrium temperature.

ANSWER: less than 20

20

greater than 20

Part B

If the original experiment is repeated with a 1.0  copper ( ) block, what is the final temperature of

the water and block?

ANSWER: less than 20

20

greater than 20

Part C

If the original experiment is repeated but 100  of the 0  water is replaced with 100  of 0  ice, what is the final

temperature of the water and block?

Hint C.1 Latent heat of fusion

The latent heat of fusion is the amount of heat energy needed to melt 1.0  of a substance. The latent heat of fusion of ice is

334,000  .

ANSWER: less than 20

20

greater than 20

Part D

If the original experiment is repeated but 100  of the 0  water is replaced with only 25  of 0  ice, what is the final

temperature of the water and block?

Part D.1 Find the equilibrium temperature

In the original experiment, the temperature of 100  of 0  water was raised by 20 . The amount of heat  required to do

this can be found as follows. For specific heat  and change in temperature ,
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,

or

.

Therefore, .

Is more or less energy than this required to melt and heat 25  of ice to 20 ?

Hint D.1.a How to approach the problem

The amount of energy required to melt and heat 25  of ice to 20  can be broken into two parts: the energy required to

melt the ice and the energy required to heat the water after the ice melts.

ANSWER: more
less

ANSWER: less than 20

20

greater than 20

 

Drinking a Soda

Description: Calculate the temperature change in a person when they drink a cold soda.

Before going in for an annual physical, a 70.0-  person whose body temperature is 37.0  consumes an entire 0.355-

can of a soft drink (which is mostly water) at 12.0 .

Part A

What will be the person's body temperature  after equilibrium is attained? Ignore any heating by the person's metabolism.

The specific heat capacity of a human body is 3480 .

Hint A.1 How to approach the problem

Use the volume of the soda (assumed to be the same as water) to calculate its mass, then use this in an appropriate equation
relating the temperature changes of the person and the soda.

 Hint A.2 Setting up the equation

Since the temperature change is assumed to be solely from the difference in temperature between the soda and body
(ignoring any heat generated by the body, lost to the surrounding air, etc.), whatever heat that is lost by the body must go into
heating the soda until they reach a single uniform temperature. Because there is no heat entering or leaving the system, the
total heat gained (or lost) by the system must be zero, so this will be the sum of the heat gained by the soda plus the heat lost
by the body. For each object, , where  is the heat gained (if positive) or lost (if negative) by the object,  is

its mass, and  is its specific heat. The temperature change  will be positive for the object being heated (in this case, the

cold soda warmed by the body) and negative for the object being cooled (in this case, the warm body being cooled by the
soda).

 Hint A.3 Density and specific heat of water

These values can be found in almost any physics textbook: The density of water is  and the

specific heat of water is 4190 .

 Part A.4 Calculate the mass of soda

Calculate the mass  of the soda, assuming its properties to be the same as water.

Express your answer in kilograms.

ANSWER:    =     

ANSWER:    =     

Part B

Is the change in the person's body temperature great enough to be measured by a medical thermometer? (A high-quality
medical thermometer can measure temperature changes as small as 0.1  or less.)

ANSWER: yes
no
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A high-quality medical thermometer can measure temperature changes as small as 0.1  or less. Even so, drinking an

entire soda before a medical exam will not actually lower your temperature by all that much, since by the time your body
has reached the equilibrium temperature, the heat generated by your body would more than make up for any heat lost to
the soda.

 

Making Espresso

Description: Determine the amount of heat needed to boil a given mass of water. Find how much time it would take to boil the
water using resistive heating (constant power), and how much propane it would take to boil the water.

Espresso is a coffee beverage made by forcing steam through finely ground coffee beans. Modern espresso makers generate
steam at very high pressures and temperatures, but in this problem we'll consider a low-tech espresso machine that only
generates steam at 100  and atomospheric pressure--not much good for making your favorite coffee beverage.

The amount of heat  needed to turn a mass  of room temperature ( ) water into steam at 100  ( ) can be found using

the specific heat  of water and the heat of vaporization  of water at 1 atmosphere of pressure.

Part A

Suppose that a commercial espresso machine in a coffee shop turns 1.50  of water at 22.0  into steam at 100 . If 

 and , how much heat  is absorbed by the water from the heating resistor inside

the machine?

Assume that this is a closed and isolated system.

Hint A.1 How to approach the problem

For water to become steam, the temperature of the water must first be raised to 100 . Once the water reaches this

temperature, if more heat is added, the water will undergo a phase transition and turn into steam.

Calculate separately the amount of heat required to complete each of these steps and sum the results.

 Part A.2 Find the heat needed to raise the water's temperature

To boil water and make steam, the temperature of the water must be raised to its boiling point temperature (100  for water

at 1 atmosphere of pressure).

How much heat  is needed simply to raise the temperature of the water from  to ?

Express your answer in terms of , , , and .

ANSWER:    =    

 Part A.3 Find the heat required to make steam

Once a fluid such as water reaches its boiling point, all of the heat absorbed can be used to change its state into a vapor. The
amount of heat required depends only on the mass  and the heat of vaporization  of the particular substance; there is no

change in temperature.

What is the quantity of heat  required to change a mass  of water at 100  into steam at 100 ?

Express your answer in terms of  and .

ANSWER:    =    

Express your answer in joules to three significant figures.

ANSWER:    =     

 Part B

In an electric espresso machine, a resistor produces the heat to boil the water. If the resistor has a power output  of 1200 W,

approximately how much time  would it take to completely change the 1.5  of water into steam if the initial water

temperature is 22 ?

Hint B.1 Definition of the watt

Part B.2 Find the time in terms of heat and power

Given units of joules for the required heat  and units of  for power , what is the equation to find the time 

 (in seconds) to boil water?
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Part B.2.a Combine units of energy and power to get time

You know the amount of energy required to boil the water in joules and you were given the units of power in the previous
hint.

What mathematical operation would you use to get units of time (seconds) from the units of energy and power?

ANSWER:

time =

energy plus power
energy minus power
energy times power
energy divided by power

Express your answer in terms of  and .

ANSWER:
   =    

Give the amount of time required rounded to the nearest minute.

ANSWER:    =     minutes

 Part C

Many people use a natural gas called propane ( ) to cook with and to heat their homes. The molar mass of propane is

44.1 . When one mole of propane burns, it releases 2219  of energy.

If the espresso machine uses propane gas instead of electricity to boil the 1.50  of water at an initial temperature of 22.0 ,

what mass  of propane gas is needed to change all of the water to steam?.

Assume that the espresso machine is still a closed, isolated system and that all of the heat released from burning is used to heat
the water.

Hint C.1 How to approach the problem

To determine the mass of propane, you must first find how many moles of gas are needed to produce the required heat. (You
found the required heat in Part A.)

Part C.2 Find the number of moles of propane needed

Given that  of heat is needed and propane releases 2219  of heat per mole burned, how many moles of

propane are required to produce the required amount of heat?

Express your answer in moles to three significant figures.

ANSWER:   propane needed =     

Now that you've determined the number of moles of propane required, use the conversion 44.1  to find the

equivalent mass of propane.

Express the answer in grams to three significant figures.

ANSWER:    =     

Although 77.0  of gas may not appear to be much to vaporize 1.50  of water, consider that some large electrical

generators vaporize thousands of kilograms of water daily to produce the electricity we need. Also, it is difficult to
achieve a closed and isolated system in the real world. There is always some heat lost to the environment. This implies
that the amounts of heat and gas calculated in the problem are the minimum needed to produce the steam.

 

Steam vs. Hot-Water Burns

Description: Calculate the heat transferred from steam or hot water onto skin.

Just about everyone at one time or another has been burned by hot water or steam. This problem compares the heat input to your
skin from steam as opposed to hot water at the same temperature.

Assume that water and steam, initially at 100 , are cooled down to skin temperature, 34 , when they come in contact with

your skin. Assume that the steam condenses extremely fast. We will further assume a constant specific heat capacity 
 for both liquid water and steam.

Part A

Under these conditions, which of the following statements is true?

ANSWER: Steam burns the skin worse than hot water because the thermal conductivity of steam is much higher than
that of liquid water.
Steam burns the skin worse than hot water because the latent heat of vaporization is released as well.
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Hot water burns the skin worse than steam because the thermal conductivity of hot water is much higher
than that of steam.
Hot water and steam both burn skin about equally badly.

The key point is that the latent heat of vaporization has to be taken into account for the steam.

 Part B

How much heat  is transferred to the skin by 25.0  of steam onto the skin? The latent heat of vaporization for steam is 

.

Part B.1 Determine the heat transferred from steam to skin

Find an expression for the heat  transferred from the vapor to the skin.

Express your answer in terms of , the mass of steam , the latent heat of vaporization , and the temperature

difference  between the initial temperature of the steam and the skin temperature.

ANSWER:    =    

When you are plugging in the numbers, be careful. Both the latent heat and the subsequent heat transferred flow from
the steam to the skin. So they have the same sign.

Express the heat transferred, in kilojoules, to three significant figures.

ANSWER:    =     

Here we assumed that the skin continues to remain at 34 . Actually the local temperature in the area where the steam

condenses can be raised quite significantly.

 Part C

How much heat  is transferred by 25.0  of water onto the skin? To compare this to the result in the previous part, continue

to assume that the skin temperature does not change.

Part C.1 Determine the heat transferred from water to skin

Find an expression for the heat  transferred from the hot water to the skin.

Express your answer in terms of , the mass of water , and the temperature difference  between the initial

temperature of the water and the skin temperature.

ANSWER:    =    

Express the heat transferred, in kilojoules, to three significant figures.

ANSWER:    =     

The amount of heat transferred to your skin is almost 10 times greater when you are burned by steam versus hot water.
The temperature of steam can also potentially be much greater than 100 . For these reasons, steam burns are often far

more severe than hot-water burns.

 

Adding Ice to Water

Description: If ice is added to a mass of water, find the mass of ice needed for the ice-water mixture to reach a given final
temperature.

An insulated beaker with negligible mass contains liquid water with a mass of 0.250  and a temperature of 70.0 .

Part A

How much ice at a temperature of -19.4  must be dropped into the water so that the final temperature of the system will be

38.0 ?

Hint A.1 How to approach the problem

Calculate the heat lost by the water when cooled to 38.0 . Determine an expression for the heat gained by the ice in terms

of the mass of ice. Since there is no heat added to or removed from the system, the total heat change of the system must be
zero. Set up the appropriate equation and solve for the mass of ice.

 Part A.2 Calculate the heat lost by the water

Calculate , the heat loss of the water when it is cooled to a final temperature of 38.0 . Recall that ,

where  is the mass,  is the specific heat, and  is the temperature change of the substance.
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Take the specific heat of water to be 4190 .

ANSWER:     =      

 Hint A.3 How to calculate the heat gained by the ice

Since the ice will reach a final temperature of 38.0 , which is above the melting point of ice, there will be a phase change

that occurs. To find the total heat gained by the ice, the heat gain must be split into three parts: heating the ice to the melting
point, melting the ice at a constant temperature of 0 , and heating the melted ice (now liquid water) to the final

temperature.

 Hint A.4 Heat gained by the ice

The expression for the heat gained by the ice is . Calculate the value of the term

in the square brackets and use it in your calculation.

Take the specific heat of liquid water to be 4190 , the specific heat of ice to be 2100 , and the heat of

fusion for water to be 334 .

ANSWER:
    =      

 

Melting Ice

Description: Ice, initially below freezing, is heated at a constant rate. Calculate the time elapsed before the ice starts to melt,
and the time elapsed before the temperature rises above 0 degrees celcius.

An open container holds ice of mass 0.550  at a temperature of -13.8 . The mass of the container can be ignored. Heat is

supplied to the container at the constant rate of 840 .

The specific heat of ice to is 2100  and the heat of fusion for ice is .

Part A

How much time  passes before the ice starts to melt?

Hint A.1 How to approach the problem

Calculate the heat needed to raise the temperature of the ice to its melting point, and use this to find the time elapsed given
the heating rate.

 Part A.2 Calculate the heat needed

Calculate the heat  needed to raise the temperature of the ice to the melting point.

Hint A.2.a Equation for heat gain without phase change

Until the ice begins to melt at 0 , the equation  can be used to calculate the heat added to the ice.

ANSWER:     =      

ANSWER:
    =      

Part B

From the time when the heating begins, how much time  does it take before the temperature begins to rise above 0 ?

Hint B.1 How to approach the problem

Calculate the heat needed to melt the ice and combine this with the rate that heat is being added to the system to find the
time it will take to melt the ice.

 Part B.2 Calculate the time to melt the ice

Starting when the ice reaches 0 , how much time  is needed until the ice completely melts?

Hint B.2.a Heat needed to melt the ice

The heat needed to melt a mass  = 0.550  of a material is given by , where  is the heat of fusion for the

material.

ANSWER:
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ANSWER:
    =      

Remember that the question is asking for the time elapsed from when the heating first begins, not from the time the ice
begins melting.

ANSWER:
    =      

 

Problem 19.15

Description: When a 290-g piece of iron at 180 degree(s) C is placed in a 95-g aluminum calorimeter cup containing 250 g of
glycerin at 10 degree(s) C, the final temperature is observed to be 38 degree(s) C. (a) Estimate the specific heat of glycerin.

When a 290-  piece of iron at 180  is placed in a 95-  aluminum calorimeter cup containing 250  of glycerin at 10 , the

final temperature is observed to be 38 .

Part A

Estimate the specific heat of glycerin.

Express your answer using two significant figures.

ANSWER:    =     

 

Question 19.3

Description: (a) If two objects of different temperature are placed in contact, will heat naturally flow from the object with higher internal energy to the object with lower internal energy? (b) Explain. (c) Is it possible for heat to flow even if the internal ...

Part A

If two objects of different temperature are placed in contact, will heat naturally flow from the object with higher internal energy to the object with lower internal energy?

ANSWER: yes
no

 Part B

Explain.

ANSWER: Answer Key:

No,because the internal energies of solids and liquids are complicated and include potential energies associated with the bonds between atoms and molecules, two objects may have different internal energies but the same temperature. Internal energy will also vary with the mass of the object. If two objects that are at different temperatures are placed in contact, there will be a net energy transfer from the hotter object to the colder one, regardless of their internal energies.  

Part C

Is it possible for heat to flow even if the internal energies of the two objects are the same?

ANSWER: no
yes

 Part D

Explain.

ANSWER: Answer Key:

Yes. Just as in (A), the transfer of energy depends on the temperature difference between the two objects, which may not be directly related to the difference in internal energies.  

 

Question 19.2

Description: (a) When a hot object warms a cooler object, does temperature flow between them? (b) Explain. (c) Are the temperature changes of the two objects equal? (d) Explain.

Part A

When a hot object warms a cooler object, does temperature flow between them?

ANSWER: yes
no

 Part B

 [ Print ] 
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Explain.

ANSWER: Answer Key:

Energy is exchanged between them, not temperature. Once the objects have reached thermal equilibrium, they will have the same temperature.

Part C

Are the temperature changes of the two objects equal?

ANSWER: yes
no, not necessarily

 Part D

Explain.

ANSWER: Answer Key:

However, their temperature changes will not necessarily be the same.

 

Problem 19.5

Description: (a) How many joules and kilocalories are generated when the brakes are used to bring a m car to rest from a
speed of v?

Part A

How many joules and kilocalories are generated when the brakes are used to bring a 1300  car to rest from a speed of 97 

?

Express your answer using two significant figures. Enter your answers numerically separated by a comma.

ANSWER:
  ,  =         ,

 

Problem 19.16

Description: The heat capacity, C, of an object is defined as the amount of heat needed to raise its temperature by 1 ( C)
degree(s). Thus, to raise the temperature by Delta T requires heat Q given by Q = C Delta T. (a) Write the heat capacity C in
terms of the...

The heat capacity, , of an object is defined as the amount of heat needed to raise its temperature by 1 . Thus, to raise the

temperature by  requires heat  given by .

Part A

Write the heat capacity  in terms of the specific heat, , of the material.

Express your answer in terms of  and .

ANSWER:     =    

Part B

What is the heat capacity of 5.0  of water?

Express your answer using two significant figures.

ANSWER:     =      

Part C

What is the heat capacity of 32  of water?

Express your answer using two significant figures.

ANSWER:     =      

 

Problem 19.25

Description: At a crime scene, the forensic investigator notes that the 7.2-g lead bullet that was stopped in a doorframe
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apparently melted completely on impact. (a) Assuming the bullet was shot at room temperature T, what does the investigator
calculate as the...

At a crime scene, the forensic investigator notes that the 7.2-  lead bullet that was stopped in a doorframe apparently melted
completely on impact.

Part A

Assuming the bullet was shot at room temperature 10 , what does the investigator calculate as the minimum muzzle velocity

of the gun?

ANSWER:
    =      

Summary 0 of 15 items complete (0% avg. score)
0 of 62 points


