
 

 
DENSITY LAB ANSWER KEY  
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______________________________________________ 
 
INSTRUCTIONS 

● Each team has 50 minutes to complete this test. 
● Each team is allowed one binder, writing utensils and two stand-alone calculators. 
● DO NOT click the start button until both you and your partner are ready to begin the 

test.  
● Ties will be broken by the number of points scored in Section C, then Section B, and 

then Section A. 
● Constants and conversions used for the test will be shown at the beginning of the test. 
● 1 point will be taken off for each calculation problem with an incorrect number of 

significant figures. If there are multiple questions asked in that one problem, for each 
part that has the incorrect number of significant figures, 1 point will be taken off.  

 
INTRODUCTION 

● This test is 60 questions long. 
● Each multiple choice question is worth 2 points.  
● Each fill-in-the-blank question is worth 1 point. 
● There are three sections to this test. 
● Good luck! And may the odds be in your favor! 

 

 
  

 

CONSTANTS 

● Acceleration of Gravity on Earth = 9.81 m/s2  

● Standard Temperature and Pressure (STP) = 1 atm; 273.15 K  
● Ideal Gas Constants  

- 8.314 (kPa * L/moles * K)  
- 0.08206 (atm * L/moles * K)  

CONVERSIONS 

● 1 atm = 101,325 Pa 
● 0°C = 273.15 K 
● °C * (9/5) + 32 = °F  
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Section A: Multiple Choice [20 points] 
1. An object has a mass m and a volume V. Is another object less dense, more dense or the same 

density if this object is made of the same material as the first object and has a volume of 2V 
instead?  

A. Less dense  
B. More dense  
C. Same density  
D. Depends on multiple factors 

 
2. The side length and mass of a green cube are L and m. Of a blue cube, the side length is 2L and 

the mass is 2m. How do the densities of the two cubes compare?  
A. Green cube < blue cube  
B. Green cube > blue cube  
C. Blue cube > green cube  
D. Blue cube = green cube  

 
3. As you already know, because of COVID-19, most Americans have been mandated to wear masks 

by the government. How does the mask affect the pressure of the air within the mask in 
comparison to not wearing a mask?  

A. Decrease in pressure 
B. Pressure is dependent on temperature 
C. Pressure does not change  
D. Increase in pressure  

 
Use the following image for questions 4-6. 

  
 

4. In the image shown above, there is an eraser submerged in a liquid in a cup. What does this tell 
you about the density of the eraser compared to the liquid?  

A. Eraser > liquid  
B. Liquid = eraser 
C. Eraser ≤ liquid  
D. Liquid > eraser 

 
5. When I stick my hand in the cup, water spills everywhere. What is most likely the cause of this 

event?  
A. Increase in pressure  
B. Adding of water to the cup 
C. Displacement of water 
D. Boyleʼs Law  
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6. As I stick my hand in the water, there is a buoyant force acting upwards on my hand. Which of 
the following could be used to find the magnitude of this buoyant force? 

A. Density of my hand 
B. Volume of water displaced 
C. Density of water 
D. Mass of the cup 

 
7. 3 people are in an elevator. As more people get in the elevator, how does the pressure on the 

elevator floor change?  
A. It depends on the weight of each person and the area they cover 
B. It increases  
C. It decreases  
D. It stays the same  

 
8. In Fahrenheit, at what temperature is water most dense at?  

A. 29.2 degrees F  
B. 4 degrees F  
C. 39.2 degrees F  
D. 32 degrees F 

 
9. A student notices that a bouncy ball he got for Christmas increased in speed as it was going to 

the ground when he dropped it. How is the acceleration constant, but the speed is not?  
A. In order to maintain a constant acceleration, the speed must increase.  
B. The acceleration is not constant in this scenario.  
C. The student caught the ball before it hit the ground. 
D. The speed decreases later on to balance the increase in speed out.  

 
10. What information does Avogadro's number tell us? 

A. The number of moles in one liter of gas  
B. The number of molecules in one mole of a substance  
C. The number of molecules in one mole of just gases  
D. Both A and B  
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Section B: Fill in the Blank [10 points]  
11. The density of an object is its mass divided by its volume.  

 
12. A floating object in a fluid is less dense than the fluid. 

 
13. Parts per million is a measure of the mass in grams of solute in 1,000,000 grams of solution.  

 
14. The SI unit of temperature is Kelvin.  

  
15. When the radius of a cylinder decreases by a factor of 2, its volume decreases by a factor of 4. 

 
16. Ideal gas molecules have no intermolecular forces between one another.  

 
17. As the pressure of a gas increases when temperature is constant, its volume ________.  

A. increases  
B. decreases 
C. stays the same 

 
18. As the temperature of a gas increases when pressure is constant, its volume ________.  

A. increases  
B. decreases  
C. stays the same  

 
19. The number density of M&Mʼs in a container is dependent on the volume of the container and 

number of M&Mʼs.  
 

20. An object that is compressible can change in volume with pressure. 
   

Page 4 



Density Lab   2021 Menomonie Invitational  
 

Section C: Free Response [100 points] 
21. What is the difference between intramolecular forces and intermolecular forces? [1 point]  

Intermolecular forces occur between different atoms, while intramolecular forces occur within 
atoms.  

 
22. Explain how NaCl dissolves in distilled water. [2 points] 

The water molecules break the ionic bonds between the Na+ and Cl- ions, causing them to attract 
to the atoms in the water molecules.  

 
23. Why is water considered a compound while a mixture of hydrogen and oxygen is not considered 

a compound? [2 points] 
The hydrogen and oxygen atoms of water are chemically bonded together. [1 point] In a mixture 
of hydrogen and oxygen, the two atoms are not chemically bonded together and are separate, 
therefore the mixture is not a compound. [1 point]  
 

24. Describe the velocity of molecules of an ideal gas before and after the temperature of the gas is 
increased. [2 points]  
The velocity of ideal gas molecules is proportional to the temperature of the gas. Therefore, the 
velocity is greater once the temperature of the gas has increased.  
 

25. A scientist wants to make 1 L of saltwater solution with a density of 1.5 g/mL. However, she 
accidentally dissolves a little too much salt and finds the density of the solution to be 1.7 g/mL. 
How much water in mL should she use to lower the density of the solution back to 1.5 g/mL, 
knowing that the density of water is 1 g/mL? Assume the water adds both mass and volume. Do 
not round your answer. [3 points] 
400 mL  
 

26. Using Boyleʼs Law, describe the behavior of ideal gas molecules to explain why the pressure of 
the gas increases when the volume of a gas in a non-rigid container decreases.  [2 points] 
When the volume of the container decreases, there is less space for the gas molecules to move 
around, so the gas molecules make more collisions with the container walls. [1 point] This 
causes the increase in pressure.  [1 point] 
 

27. Why will Gay-Lussacʼs Law only work if the gas container is rigid? [2 points] 
If the container is not rigid, the container can increase in volume, violating one of the conditions 
of Gay-Lussacʼs Law, the volume and moles of the gas must stay constant in order for it the law 
to be applicable.  
 

28. What is the number density of atoms in one mole of gas at STP in molecules/cm3? Express your 
answer in scientific notation, putting the coefficient in the first blank and the exponent in the 
second blank. As an example, if 3.4 * 104 was your answer, then 3.4 would go in the first blank 
and 4 would go in the second blank. Round to three significant figures. [3 points] 
2.69 * 1019 molecules/cm3  (there were blanks provided in Scilympiad) 
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29. Use math to show how you can find the mole density (n/V) of an ideal gas given only the 
temperature and pressure of the gas.  [2 points] 

  
 

30. Explain why the formula mP/nRT can be used to find the density of an ideal gas, where m is 
mass, P is pressure, n is the number of moles, R is the ideal gas constant, and T is temperature. 
[2 points] 
P/nRT is the inverse of the formula for the volume of a gas using the ideal gas law, which is 
nRT/P instead. [1 point] V-1 is the same as dividing by volume, so we are left with m/V, the 
formula for density. [1 point]  

 
31. A gas is held in a rigid container at a temperature of 200°C and 1.5 atm is increased to a 

temperature of 450°F. What is the new pressure of the gas in kilopascals? Round to 4 significant 
figures. [3 points] 
162.3 kPa  

 
32. Using a phase diagram, a scientist wants to find whether a substance is a liquid or a gas at critical 

point. Is this possible? If not, explain why it is impossible. [2 points] 
This is impossible [1 point] because the density of a substance in its liquid and gas state are the 
exact same, therefore it cannot be distinguished. [1 point]  

 
33. The graphs in the table below show the relationship between the two changing variables in 

Boyleʼs Law, Charlesʼ Law and Gay-Lussacʼs Law. What do you notice in terms of the relationship 
between the two variables in the graph representing Boyleʼs Law? [2 points]  

 
The relationship between pressure and volume is inverse. [1 point] As the pressure of a gas 
increases assuming temperature and number of moles are constant, the volume of the gas 
decreases exponentially. [1 point] 
 

34. 5.00 L of gas held at a pressure of 80. kPa is increased in volume by 600.0 mL with no change in 
temperature or number of moles. What is the decrease in pressure of the gas in atm?  Round to 2 
significant figures. [2 points] 
0.085 atm  
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35. A jar with a volume of 5.5 L contains carbon dioxide at 18.0 kPa. Another jar with a volume 4.3 L 

contains oxygen gas at 2 atm. The two jars are then connected to one another. Calculate the 
partial pressure of each gas in kPa. Round to 3 significant figures. [4 points] 
Partial pressure of carbon dioxide is 10.1 kPa; [2 points] the partial pressure of oxygen is 88.9 
kPa. [2 points] 

 
36. A container with a volume of 2.55 L contains 98.0 g of helium gas and 46.3 g of argon gas at a 

temperature of 23.5°C. Helium gas has a molar mass of about 4.0 g/mol, while argon gas has a 
molar mass of 40.0 g/mol. What is the pressure of the combined gases? Round to 3 significant 
figures. [4 points]  
245 atm 

 
37. How are dipole-dipole interactions demonstrated by water molecules? [2 points] 

A hydrogen atom of one water molecule can attract to an oxygen atom of another water 
molecule, shown by cohesion. [1 point] Hydrogen or oxygen atoms can also be attracted to 
atoms of other molecules with the opposite polarity, shown by adhesion [1 point] 

 
38. Two students are arguing about hydrogen bonds and dipole-dipole interactions. One student 

says that the forces between hydrogen bonds are stronger than dipole-dipole interactions. The 
other student says that the forces between dipole-dipole interactions are stronger than hydrogen 
bonds. Explain which student (s) is/are correct and why. [2 points]  
None of them are correct; [1 point] hydrogen bonds are a type of dipole-dipole interaction. [1 
point] 
 

39. What is the purpose of the Van der Waals Equation? How does it carry out its purpose? [3 points] 
To correct for assumptions made by ideal gas theory, which is that gas molecules have no 
intermolecular forces between them; [1 point] the volume that gas molecules take up is also 
insignificant or zero. [1 point] It corrects for these assumptions by adding in two new constants 
denoted as a and b to the ideal gas law. [1 point] 

 
40. The density of an object is 1 g/mL. You have been asked to find the volume of the object using 

displacement. Given to you are two different beakers with two different liquids, one labeled A 
and one labeled B. Beaker A contains a liquid with a density of 1.1 g/mL, while beaker B contains 
a liquid with a density of 0.95 g/mL. Which beaker will show more accurate results using the 
displacement method, and why? [2 points]  
Beaker B will show more results because the object will sink in the liquid inside beaker B, 
meaning the object is fully submerged in the liquid and giving a more accurate display of the 
volume of the object.  
 

41. For an incompressible object that sinks in a fluid, the buoyant force acting on it will not change 
with depth. For a compressible object, how will the buoyant force change with depth? Explain 
why. [2 points] 
The buoyant force on a compressible object decreases with increase in depth because the fluid 
exerts a greater pressure on the object at a greater depth. [1 point] This decreases the volume of 
the object and therefore the volume displaced by the object, which decreases the buoyant force 
on the object. [1 point]  
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42. Consider the following scenario. A beaker full of liquid is weighed on a scale. An object is 
dropped in the beaker and is suspended. Does the fact that the object is suspended rather than at 
the bottom of the beaker affect whether the scale reading increases or decreases? Explain why or 
why not. [2 points] 
The object still exerts a downwards gravitational force with its mass on the liquid, which adds to 
the scale reading, even when suspended, so the suspension of the object does not affect whether 
the scale reading increases or not.  

 

43. Explain how you could find the density of a floating perfectly spherical object in a fluid, given 
the buoyant force acting on the object and the radius of the sphere. [3 points] 
We know that the object is floating, therefore the buoyant force must be equal to the mass of the 
object because the two opposing forces must be equivalent according to Newtonʼs Third Law. [1 
point] Using the radius of the sphere, we can find the volume of the sphere using the formula V 
= (4/3) * π * r3. [1 point] Now, we can simply divide the mass of the object by its volume to get its 
density. [1 point]  
 

44. You may have seen that the position which a person lays in a swimming pool allows them to 
float. Using the concept of buoyancy, explain why this works. [2 points] 
If a person lays in a position that allows them to displace the right amount of water, the buoyant 
force on the person if the person was fully submerged will be greater than their weight, allowing 
them to float.  
 

45. The density of a piece of paper is P. I use a hole puncher to punch three holes in it to put it in a 
binder. What is the density of the piece of paper now in terms of its original density? Has the 
density of the paper changed? Explain your answer. [3 points] 
The density still stays at density P, so no it has not changed. [1 point, 0.5 points for only 
mentioning one of the two] This is because while yes, the mass of the paper has decreased, the 
volume has also decreased at the same time. [1 point] Also, the ratio of the decrease in mass to 
the decrease in volume is equivalent to the density of the piece of paper, so the density of the 
piece of paper does not change. [1 point]  
 

46. Why do you think the acceleration of gravity on the moon is roughly 1.62 m/s2, while the 
acceleration of gravity on earth is roughly 9.81 m/s2? What conclusion can you make based off of 
this data? [2 points] 
The Earth is much larger than the moon. As a result, its acceleration due to gravity is larger than 
the moonʼs gravity. [1 point] A conclusion that can be made is that the size of a celestial body is 
directly proportional to the bodyʼs acceleration of gravity. [1 point]  

 
47. A cube with a base area of 36 cm2 and an apparent mass of 400 g in water is completely 

submerged in water. Find the area density of the cube in kg/m2. Round your answer to 3 
significant figures. [3 points] 
28.5 kg/m2 
 

48. Calculate the density of an object in g/mL tied to the bottom of a pool full of distilled water by a 
cord. The tension in the cord is 5 N and the buoyant force of the object is 60 N. The object is fully 
submerged in water. Round your answer to 2 significant figures. [3 points]  
0.92 g/mL 
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49. A cube with a side length of 4.5 cm and a mass of 45 g is placed in a beaker with two liquids that 
are immiscible and do not mix with one another. One of the liquids has a density of 400 kg/m3 

and the other has a density of 900 kg/m3. Both liquids take up a volume of 200 mL. What 
percentage of the cube will be in the liquid with a density of 400 kg/m3 and liquid with a density 
of 900 kg/m3, respectively? Round your answer to 3 significant figures. [5 points] 
18.8% of the cube will be in the liquid with a density of 400 kg/m3 and 81.2% of the cube will be 
in the liquid with a density of 900 kg/m3. [all or nothing] 

 
Use the picture below for question 50.  

  
 

50. An experiment was done where a scientist was testing whether an egg would float or sink in 
fresh water and salt water. Identify which glass contains fresh water and which glass contains 
salt water, specifying whether the glass containing fresh or saltwater is on the left or the right 
and explain your answer. [3 points] 
The glass on the left most likely is saltwater because the egg is floating, meaning the density of 
the egg is less than the saltwater solution. [1 point] The glass on the right is most likely 
freshwater because the egg sinks, indicating the density of the egg is less than freshwater. [1 
point] We also know that when salt is added to water, the density of the freshwater increases, so 
the density of the freshwater was increased above the density of the egg using salt. [1 point] 

 
Use the following images for question 51 and 52. 
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51. If the blue liquid is isopropyl alcohol (0.786 g/mL) and the red liquid is water (0.996 g/mL), which 
of the liquids shown in the table could be the yellow liquid? Explain why. [3 points] 
It is most likely ethanol or olive oil [2 points] because those two are the only liquids with a 
density between 0.786 g/mL and 0.996 g/mL. [1 point] 

 
52. A piece of body fat and a cork are both dropped into the tower of liquids. Identify the liquids that 

each solid floats and sinks in, assuming both are at a temperature of 25°C. [2 points] 
The body fat sinks in the yellow and blue liquids, but floats in the red liquid. [1 point] The cork 
floats in all the liquids. [1 point] 

 
53. A person weighs 490.5 N and is holding a weight with a mass of 10.0 kg. What is the magnitude of 

the buoyant force on this person that is required for them to float in the air? Round to 3 
significant figures. [2 points] 
589 N 

 
54. A balloon with a radius of 80.0 cm contains 0.1% fruit juice and 99.9% helium gas by volume. If 

the density of air is 1.23 kg/m3, what is the net force on the balloon? The density of the fruit juice 
and helium gas are 1200 kg/m3 and 0.1786 kg/m3, respectively. Determine the magnitude and 
direction of the force on the balloon. Round to 4 significant figures. [4 points] 
0.318 N downwards [1 point for only direction, 3 points for only magnitude] 

 
55. A cylinder with a height of 30.0 cm is completely submerged in a tank full of water. The cylinder 

is 5.0 cm away from the top of the tank vertically. Calculate the pressure on the top face and 
bottom face of the cylinder in Pa, assuming the pressure at the top of the tank is equal to zero. 
Round to three significant figures. [4 points] 
On the top face, the pressure is 491 Pa; [2 points] On the bottom face, the pressure is 3,430 Pa. [2 
points] 
 

56. Why do you think that sometimes some mass concentrations are sometimes expressed as mass 
of solute/mass of solvent rather than mass of solute/mass of solution in some problems you 
may have seen other than the fact that it is technically wrong? Explain at least one possible 
reason. [2 points] 
Example: The mass that the solute adds to the solution is sometimes negligible because it is very 
small, so itʼs not added to the mass of solvent.  

 
57. 30.0 g of table sugar is added to 1.50 L of water and dissolved. Calculate the concentration of this 

solution in ppm. Round to 3 significant figures. [3 points]  
19,600 ppm 

 
58. A new solution is formed when 700.0 mL of a 500.0 ppm solution is mixed with 300.0 mL of a 35.0 

ppm solution and 95.0 mL of a 250.0 ppm solution. What is the concentration of this new 
solution in parts per billion? Round to 3 significant figures. [5 points]  
53,700 ppb 

 
59. Molality is the number of moles of solute per 1 kg of solvent in a solution. Is molality unaffected 

by temperature? Explain why or why not. [5 points] 
Molality is unaffected by temperature. [1 point] The moles of the solute is unaffected by 
temperature because this is not a gas, this is a solid solute in a solution. The amount of the solute 
stays the same regardless of temperature. [2 points] The mass of solvent is also unaffected by 
temperature because mass is the amount of matter present in a substance and temperature only 
changes the amount of space a substance takes up. [2 points] 
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60. The molality of a solution of an aqueous solution of NaCl is 2.50 m. Calculate the mass 

percentage and mole fraction of NaCl in this solution. The molar mass of water is 18 g/mol, 
while the molar mass of NaCl is 58.44 g/mol. Round to 3 significant figures. [5 points] 
The mass percentage is 12.7% percent and the mole fraction is 0.0431. [3 points for only mass 
percentage, 2 points for only mole fraction] 
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● Question 33  

- http://chemistry-reference.com/gases/Boyle's%20Law%20graph.gif  
- http://chemistry-reference.com/gases/Charles's%20Law%20graph.gif  
- http://chemistry-reference.com/gases/Gay-Lussac's%20Law%20graph.gif  

● Question 50 
- https://www.thespruceeats.com/thmb/NFgdkWc8UmAQVnrvGCoDreXr8t0=/1880x1410/s

mart/filters:no_upscale()/Egg-test-GettyImages-81988330-58c1c0ab5f9b58af5c309247.jpg  
● Questions 51 and 52 

- https://www.thoughtco.com/thmb/vUPCnTpzcENIBWHIUCxLQMM7mC8=/768x0/filters:
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This document is to clarify some errors and grading present on the Density Lab Test written for the
2021 Menomonie Science Olympiad Division B Invitational.

MISTAKES
● In question 21, there is a typo. It should say “Intermolecular forces occur between

different molecules, while intramolecular forces occur within molecules.” in the
answer key.

● Question 52 was thrown out because both ethanol and olive oil could be the yellow
liquid and body fat floats in olive oil, but sinks in ethanol. Therefore, whether the body
fat floats or sinks in the yellow liquid can vary and there isnʼt a definite answer.

NOTES
● For some questions, I could not understand some of your answers, as it didnʼt make

sense to me. I tried to score some questions based off of my best judgement. If I felt you
didnʼt understand the concept, I did not give you full points.

● Calculations that were within +/- 5% of the answer shown on the answer key received
full points. If students converted incorrectly and both the units and numerical answer
did not match the key or was within +/- 5% of the answer, no points were given.

● This is my first time grading, so I apologize if there are any grading errors, please do feel
free to reach out by emailing me at azboy1910@gmail.com if there are any or if you have
any questions about the test.

● I hope you had a great time taking this test! If youd̓ like to give feedback, you can fill out
the form shown here: https://forms.gle/A6UcgMcpNBRNqWjYA

mailto:azboy1910@gmail.com
https://forms.gle/A6UcgMcpNBRNqWjYA

