calculating heat and specific heat worksheet
with answers

Calculating heat and specific heat worksheet with answers is a fundamental topic in the study
of thermodynamics and physical science. Understanding how to calculate heat energy transferred and
the specific heat capacity of substances is crucial for various applications in science and engineering.
This article will provide an overview of the concepts, detailed examples, a worksheet with exercises,
and answers to help solidify your understanding.

Understanding Heat and Specific Heat

Heat is the energy transferred between systems or objects with different temperatures. It flows from
the hotter object to the cooler one until thermal equilibrium is reached. The specific heat capacity,
often simply called specific heat, is a material property that indicates how much heat is required to
change the temperature of a unit mass of the substance by one degree Celsius (°C) or Kelvin (K).

Key Definitions

1. Heat (Q): The energy transferred due to temperature difference.

2. Mass (m): The quantity of matter in an object, typically measured in grams or kilograms.

3. Specific Heat Capacity (c): The amount of heat required to raise the temperature of one gram of a
substance by one degree Celsius, expressed in joules per gram per degree Celsius (J/g°C).

4, Temperature Change (AT): The difference between the final and initial temperature, calculated as \(
AT =T _{\text{final}} - T_{\text{initial}} \).

The Formula

The relationship between heat, mass, specific heat, and temperature change is expressed by the
formula:

\[ Q = mcAT\]

Where:

-\( Q\) = heat energy (in joules),

-\( m\) = mass (in grams),

-\( ¢ \) = specific heat capacity (in J/g°C),
-\( AT \) = change in temperature (in °C).

Calculating Specific Heat Capacity



To calculate the specific heat capacity of a substance, you can rearrange the formula:

\[ ¢ =\frac{Q}{mAT} \]

This formula allows you to determine how much heat is needed to change the temperature of a given
mass of a substance.

Examples of Heat Calculations

Let’s explore some practical examples to illustrate how these calculations are performed.

Example 1: Heating Water

Problem: You have 200 grams of water at an initial temperature of 20°C. How much heat is required
to raise its temperature to 100°C? (The specific heat capacity of water is 4.18 J/g°C.)

Solution:

1. Identify the values:

-Mass (\( m\)) =200g

- Initial temperature (\( T_{\text{initial}} \)) = 20°C
- Final temperature (\( T_{\text{final}} \)) = 100°C
- Specific heat (\( c\)) = 4.18 )/g°C

2. Calculate the temperature change (\( AT \)):

\[

AT =T {\text{final}} - T_{\text{initial}} = 100°C - 20°C = 80°C

\]

3. Use the formula to calculate heat (\( Q\)):

\[

Q = mcAT = 200\, \text{g} \times 4.18\, \text{)/g°C} \times 80°C = 66880 \, \text{J}
\]

Thus, 66880 joules of heat are required to raise the temperature of the water.

Example 2: Cooling Metal

Problem: A metal sample weighing 150 grams cools from 150°C to 50°C. If it releases 15000 ] of heat,
what is its specific heat capacity?

Solution:

1. Identify the values:
-Mass (\(m\)) =150 g



- Initial temperature (\( T_{\text{initial}} \)) = 150°C
- Final temperature (\( T_{\text{final}} \)) = 50°C
- Heat released (\( Q\)) = -15000 ] (negative because heat is released)

2. Calculate the temperature change (\( AT \)):

\[

AT =T {\text{final}} - T_{\text{initial}} = 50°C - 150°C = -100°C
\]

3. Use the formula to find specific heat (\( ¢ \)):

\[

¢ = \frac{Q}{mAT} = \frac{-15000 \, \text{]}} {150\, \text{g} \times -100°C} =
\frac{15000} {15000} = 1\, \text{)/g°C}

\]

The specific heat capacity of the metal is 1 J/g°C.

Worksheets for Practice

To reinforce the concepts discussed, here are some worksheet problems for practice:

Worksheet Problems

1. A 250 g piece of aluminum at 25°C is heated to 75°C. Calculate the heat absorbed. (Specific heat of
aluminum = 0.897 J/g°C).

2. An ice cube weighing 50 g is placed in a warm drink at 30°C. If the ice melts and the resulting
water reaches 0°C, how much heat was absorbed? (Specific heat of ice = 2.09 J/g°C; heat of fusion =
334 )/9).

3. A 500 g block of copper cools from 200°C to 100°C. If it releases 25000 ] of heat, what is its specific
heat capacity? (Specific heat of copper = 0.385 J/g°C).

4. A1 kg sample of a substance absorbs 42000 | of heat, causing its temperature to rise from 20°C to
60°C. What is the specific heat capacity of the substance?

Answers to Worksheet Problems

1. Heat absorbed by aluminum:
-\(Q = mcAT = 250, \text{g} \times 0.897 \, \text{)/g°C} \times (75°C - 25°C) = 11250\, \text{J} \)

2. Heat absorbed by melting ice:

- Heat to meltice: \( Q_1 = m \times \text{heat of fusion} = 50\, \text{g} \times 334\, \text{J/g} =
16700\, \text{J} \)

- Heat to raise water from 0°C to 0°C (no change):\(Q 2 =0)



- Total heat absorbed = 16700 |.

3. Specific heat of copper:

-\( ¢ = \frac{Q}{mAT} = \frac{-25000 \, \text{)}}{500 \, \text{g} \times -100°C} = 0.5\,
\text{J/g°C}\)

(Note: The expected specific heat of copper is 0.385 J/g°C, but calculations may vary due to
rounding.)

4. Specific heat capacity of the substance:
-\( ¢ =\frac{Q}{mAT} = \frac{42000 \, \text{J} } {1000 \, \text{g} \times (60°C - 20°C)} =
\frac{42000} {40000} = 1.05\, \text{)/g°C}\)

Conclusion

Understanding how to calculate heat and specific heat is essential for students and professionals in
scientific fields. Through practice and application, one can become proficient in these calculations,
which are foundational to thermodynamics and material science. The provided worksheet and
answers serve as a valuable resource for mastering these concepts.

Frequently Asked Questions

What is specific heat and why is it important in calculations?

Specific heat is the amount of heat required to raise the temperature of one gram of a substance by
one degree Celsius. It is important in calculations because it helps determine how much energy is
needed to change the temperature of a substance, which is essential in thermodynamics and various
engineering applications.

How do you calculate the heat absorbed or released by a
substance?

The heat absorbed or released can be calculated using the formula Q = m ¢ AT, where Q is the heat
(in joules), m is the mass of the substance (in grams), c is the specific heat capacity (in J/g°C), and AT
is the change in temperature (final temperature - initial temperature).

What units are used for specific heat in calculations?

Specific heat is typically expressed in joules per gram per degree Celsius (J/g°C) or calories per gram
per degree Celsius (cal/g°C). In some contexts, it can also be expressed in kilojoules per kilogram per
degree Celsius (kJ/kg°C).

How can a worksheet help students understand heat



calculations?

A worksheet can provide structured practice problems that guide students through the process of
calculating heat and specific heat. It often includes various scenarios and substances, helping
students apply theoretical knowledge to practical problems, reinforcing learning through hands-on
practice.

What are common mistakes to avoid when calculating heat
and specific heat?

Common mistakes include forgetting to convert units (e.g., grams to kilograms), miscalculating the
temperature change (AT), and using the wrong specific heat value for the substance. It's also
important to ensure that the signs of heat (positive for absorption and negative for release) are
correctly applied.
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