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1.  What volume of helium has to be pumped into 
this balloon in order to lift this balloon and 
basket, which together weigh 1000 Kg? The 
density of air is 1.29 times ten to the minus three 

kilograms per cubic meter (1.29 (10-3kg/m3)), 
and the density of helium is 0.18 times ten to the 

minus three kilograms per cubic meter (.18 (10-

3kg/m3)). 
 
(A)  9.0 x 105 m3 
(B)  10.0 x 105 m3 
(C)  11.0 x 105 m3 
(D)  12.0 x 105 m3 
(E)  13.0 x 105 m3 

 
The two things we know are that the volume 
of the helium inside the balloon equals the 
volume of air displaced by the balloon. And 
that the balloon will lift off when the mass of 
the balloon, the basket, and the helium inside 
the balloon, equal the mass of the air that the 
helium-filled balloon displaces. 
 
So on one side of the equal sign is the mass of 
the balloon, the basket, and the helium, while 
on the other side of the equal sign is the mass 
of the displaced air.The mass of the helium 
inside the balloon is volume of helium times 
the density of helium. 
 
Volume times density equals mass is true for 
any gas or solid. The units for volume might 
be cubic meters, and the units for density 
might be kilograms per cubic meter. 
Multiplied together, they give mass in 
kilograms. 
 
 
 

 
Thus, the mass of the air displaced by the 
helium-filled balloon is also the volume of air 
displaced times the density of air. Notice that 
the volume of helium is the same volume of 
air that’s displaced. 
 
The density of helium is 0.18 * 10-3 Kg/m3 
while the density of air is 1.29 * 10-3 Kg/m3. 
 
The mass of the balloon and the basket is 
1000 kg. The mass of the helium inside the 
balloon is V, the volume of the helium-filled 
balloon, times the density of helium, 0.18 * 
10-3 Kg/m3. 
 
The mass of the displaced air is the V, the 
volume of the helium-filled balloon, times the 
density of air, 1.29 * 10-3 Kg/m3. 
 
V works out to be nine times ten to the 5 
cubic meters. 
 
 V=9(105)m3 
 
What is the radius of the balloon when filled 
with helium? 
 
Since the 
volume of a 
sphere is 4/3 pi 
times  the 
radius cubed 

(
4

3
πr2), the 

radius of the 
filled balloon is 
59.9 𝑚eters.  
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2.  Here is a 3.0 x 3.0 x 2.0 meter block of 
wood floating in the water. The wood’s 
density is 600 kg/m3 and the density of water 
is 1000 kg/m3. How much mass would this 
block of wood be able to hold before it sank 
beneath the surface of the water? 

 
 
 
 
 

 
(A)  6600 kg 
(B)  6800 kg 
(C)  7000 kg 
(D)  7200 kg 
(E)  7400 kg 
 
The block of wood will sink below the water’s 
surface when block’s submerged mass, and 
any mass it is supporting, becomes greater 
than the mass of the water it displaces. 
 
When fully submerged, the block displaces 3 
by 3 by 2 meters, or 18 cubic meters of water. 
The mass of this amount of water is its 
volume times its density of 1000 kg per cubic 
meter. 
 
18 cubic meters times 1000 kg per cubic 
meter equals 18,000 kg. The block of wood 
has a mass of 18 cubic meters times its 
density, 600 kg per cubic meter. The block’s 
mass is only 10,800 kg. 
 
The block of wood could support another 
18,000 minus 10,800, or 7200 kg of mass 
before it sinks completely beneath the 
water’s surface. 

 
 
 
 
 
 
 
 
 
 
 

3.  If this same 3.0 * 3.0 * 2.0 meter block of 
wood were floating in the water without 
anything on it, how high above the water 
would it float? Its density is 600 kg/m3 and 
the density of water is 1000 Kg/m3. 
 

 
 
(A)  0.6 m 
(B)  0.8 m 
(C)  1.0 m 
(D)  1.2 m 
(E)  1.4 m 
 
The block of wood will continue to sink until 
the density of the submerged portion of the 
block of wood equals the density of the 
surrounding water. 
 
Density is mass divided by volume, so the 
mass of the wood divided by its volume under 
the water surface has to equal the density of 
water.
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Since the volume of wood below the surface 
of the water equals the volume of water 
displaced by the wood, we can cancel out the 
denominator. 
 
The block of wood will continue to sink until 
the mass of the wood equals the mass of the 
water displaced. 
 
What mass of the wood should we use? 
Should we use the mass of the entire block of 
wood, or just the mass below the surface of 
the water? 
 
The mass of the entire block of wood, 
because we’re asking how far the entire block 
of wood would sink. 
 
The mass of the entire block of wood is its 
volume times its density, 18.0 cubic meters 
times 600 kg per cubic meter, or 10,800 kg. 
The mass of the entire block of wood is also 
the mass of the water displaced, 10,800 kg.  
 
The mass of the water displaced equals the 
volume of the water displaced times its 
density of 1000 kg per cubic meter. 
 
What is the volume of water displaced? 
 
If Y is the distance the wood floats below the 
water, then the volume of displaced water is 
3 meters times 3 meters times Y meters. 
 
10,800 kg equals 9Y cubic meters times 
water’s density of 1000 kg per cubic meter.  
 
Y equals 1.2 meters. 
 

 
The block of wood floats 2 meters minus 1.2 
meters, or 0.8 meters above the water. 
 

 
 
4.  If a rock weighs 98 kg-meters per second 
squared, or 98 Newtons, but only 58.8 
newtons when submerged in water, what is 
the density of the rock? 
 
(A)  1800 kg/m3 
(B)  2100 kg/m3 
(C)  2500 kg/m3 
(D)  2800 kg/m3 
(E)  3100 kg/m3 
 
Density is mass divided by volume. The mass 
of the rock is its weight, 98 newtons, divided 
by the acceleration of gravity, 9.8 meters per 
second squared. The mass of the rock is 10 
kg. 
 
In order to determine the volume of the rock, 
we need to determine the volume of water it 
took to reduce the rock’s weight from 98 to 
58.8 newtons. 
 
The water displaced by the rock provided an 
upward buoyancy force of 98 newtons minus 
58.8 newtons, or 39.2 newtons. 
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Dividing 39.2 newtons by the acceleration of 
gravity, we get the mass of the water 
displaced as 4.0 kg 
 
What volume of water contains a mass of 4 kg 
of water? 1000 kg of water is contained in 1 
cubic meter, so 4 kg of water must be 
contained in 0.004 cubic meters of water.   
 
If the 10 kilogram rock displaces 0.004 cubic 
meters of water, the rock’s volume must be 
0.004 cubic meters. Density is mass per 
volume, so the density of the rock is 10 kg 
divided by 0.004 cubic meters, or 2500 kg per 
cubic meter.  
 

 
 
5.  When this rock is lowered into the jar of 
water being weighed, the scale records 
additional weight equal to what? 
 
(A)  the weight of the rock 
(B)  the mass of the rock 
(C)  the mass of the water 
(D)  the string tension 
(E)  the force of  buoyancy 
 
What are the three vertical forces acting on 
the rock when it is lowered into the water?  

 
The weight of the rock points downward, 
tension in the string points upward, and the 
buoyancy of the water points upward. 
 
Since the rock is not moving, the upward 
forces have to equal the downward forces, so 
string tension plus buoyancy must equal the 
weight of the rock. 
 
That makes sense, because as you lower the 
rock into the water, you sense a drop in the 
tension in the string, as the upward buoyancy 
of the water reduces the apparent weight of 
the rock. The string tension drops by an 
amount equal to the upward buoyancy of the 
water. 
 
What are the forces acting on the scale? The 
two upward forces are the upward force 
exerted by the scale and the string tension. 
The two downward forces consist of the 
weight of the water and the weight of the 
rock suspended in the water. Again, since the 
scale is not moving, the upward forces have 
to equal the downward forces. 
 
We just determined that the weight of the 
rock suspended in the water equals the sum 
of the upward-directed string tension and the 
upward-directed buoyancy, so we can 
substitute string tension plus buoyancy for 
weight of the rock. 
 
The string tensions cancel out on each side of 
the equal sign, leaving the upward-directed 
scale force equal to the weight of the water 
plus the now downward-directed buoyancy 
force. 
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Why has the buoyancy force suddenly 
changed direction and is now added to the 
weight of the water? Isn’t the buoyancy force 
still aimed upward? 
 
It has changed direction, because we are 
viewing the buoyancy force relative to the 
scale, not the rock. The upward buoyancy 
force against the rock is directed downward 
against the scale because of Newton’s third 
law, which says that the upward buoyancy 
force against the rock induces an equal 
downward force against the scale. 
 
This makes sense, because the scale is 
reading the weight of the water plus the only 
other force that makes contact with the scale 
platform, namely, the downward buoyancy 
force.  
 
Thinking about the previous problem where 
the rock lost weight at it was lowered into the 
jar of water, that lost weight was gained by 
the scale. 
 

 
 
 
 
 

 
6.  Water is entering this curved pipe at a rate 
of 2.0 meters per second, and exiting 10.0 
meters below the entrance. The pipe is open 
to the air at both ends. What is the water 
velocity at the exit? 
 

 
 
(A)  10 m/sec 
(B)  20 m/sec 

(C)  10√𝟐 m/sec 

(D)  2√10 m/sec 

(E)  √20 m/sec 
 
Bernoulli’s principle says that at any point 
along a pipe, the total energy of the fluid is 
the same. The total energy of the fluid is its 
pressure plus its kinetic energy of one-half 
rho times velocity squared, plus its potential 
energy of rho times the acceleration of 
gravity times height. 
 
Since both ends of the pipe are open to the 
air, the pressure at the entrance and exit are 
the same and can be subtracted from 
Bernoulli’s equation. 
 
Dividing both sides of the equation by rho, we 
get: 
 
½ V2 going in plus g times the height of 
entrance equals one-half V2 going out plus g 
times the height of the exit. 
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Since the height of the exit is zero, when we 
plug in the numbers, we get: 
 

½ (2 
𝑚

𝑠𝑒𝑐
)2 + 9.8 

𝑚

𝑠𝑒𝑐2
 (10 meters) = ½ V2 

 

2 
𝑚2

𝑠𝑒𝑐2+ 98.0 
𝑚2

𝑠𝑒𝑐2= ½ V2 

 

V2 = 200 
𝑚2

𝑠𝑒𝑐2 

 

V = 10 √2
𝑚

𝑠𝑒𝑐
  

 

 
 
7.  What happens if we enlarge the opening 
to the pipe to twice the diameter of the exit 
hole?  If water flowing through this pipe has 
the same pressure entering the pipe as it 
does exiting the pipe, how does the water 
velocity exiting the pipe compare to the 
water velocity entering the pipe? 
 

 
 
 
 
 
 

 
(A)  The flow velocity at the exit is greater 
than at the entrance 
(B)  The flow velocity at the exit is less than at 
the entrance 
(C)  The flow velocity at the exit is equal to 
the flow velocity at the entrance. 
(D)  More information is needed to answer 
this question. 
 
Bernoulli’s principle says that at any point 
along a pipe, the pressure plus the potential 
energy plus the kinetic energy of the fluid is 
the same. 
 

If the pressure at the entrance and the exit 

are the same, and the height of the entrance 

and exit are the same, then their kinetic 

energies, one-half rho times velocity squared, 

must also be the same.  

Since rho (ρ), the density of the fluid, is 

constant, the velocity of the fluid squared at 

the entrance must equal the velocity of the 

fluid squared at the exit. The entrance and 

exit velocities are equal. 
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8.  If a 100 gram piece of iron is transferred 
from boiling water into a bucket of ice, how 
much ice will melt? The specific heat capacity 
of iron is 0.11 cal/g/degree C. The latent heat 
of freezing for ice is 80 cal per gram.  
 

 
 
(A)  11.75 g 
(B)  12.75 g 
(C)  13.75 g 
(D)  14.75 g 
(E)  15.75 g 
 

 
 
The heat needed to melt the ice comes from 
the heated piece of iron. As the iron goes 
from 100 degrees to 0 zero degrees Celsius, it 
loses 100 g * 0.11 cal/g°C, or 11 cal for every 
degree. Since the piece of iron lost 100 
degrees, it gave up 1100 calories to the ice. 
 
 
 

 
The heat needed to melt ice is called the 
latent heat of freezing. For ice, the latent heat 
of freezing is 80 cal per gram.  
From the latent heat of freezing, we know 
that 80 calories melts 1 gram of ice. 
Therefore, 1100 calories melt X grams of ice, 
or 13.75 grams of ice.  
 
9.  If the 100.0 gram piece of iron were 
heated to 500 degrees Celsius and then 
dropped into 1.0 kg of water at 25 degrees 
Celsius, what would the final temperature of 
the water and the piece of iron be?  
 
The specific heat capacity of iron is 0.11 
cal/g°C, and for water, 4.18 cal/g°C. 
 

 
 
(A)  26.2o Celsius 
(B)  28.4 o Celsius 
(C)  30.1 o Celsius 
(D)  32.3 o Celsius 
(E)  35.6 o Celsius 
 
What do we know? We know that when the 
hot piece of iron cooled, it lost heat to the 
water, and that the amount of heat energy 
lost by the iron was the same amount of heat 
energy absorbed by the water. How much 
heat energy was lost by the iron as it cooled? 
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Heat energy is measured in calories. Specific 
heat capacity is measured in calories per 
gram degree Celsius. To get the number of 
calories lost by the iron, then, we need to 
multiply specific heat capacity by grams and 
by degrees Celsius. The iron lost 0.11 calories 
per gram degree Celsius times 100.0 grams 
times the degrees lowered during its cooling 
process, symbolized by the letter capital T 
subscript iron. 
 
The water, meanwhile, gained the same 
number of calories. Its specific heat capacity 
is 4.18 calories per gram degree Celsius, so 
the water gained 4.18 calories per gram 
degree Celsius times 1,000 grams times its 
increase in temperature. 
 
Since the loss of heat by the iron equals the 
heat gained by the water, 11.0 cal/degree 
Celsius * degrees dropped equals 4180 
cal/degree Celsius * degrees increased. 
 
How many degrees did the temperature of 
the iron decrease by and how many degrees 
did the water temperature increase by? The 
decrease in temperature of the iron is its 
starting temperature, 500 degrees, minus its 
final temperature, while the increase in water 
temperature is its final temperature minus its 
starting temperature of 25 degrees. 
 
We know that the iron and the water 
eventually arrived at the same temperature, 
so the final temperature, which we’ll call T, is 
the same for both. 
 
11.0 cal/degree Celsius * (500o – T) = 4180 
cal/degree Celsius * (T – 25o) 

 
The final temperature, T, equals 26.2 degrees 
Celsius.  
 

 
 
 
 
 
 
 
 
 

 
Intro to Questions 10 and11 
 
This scale is measuring the weight of the 
column of mercury.  
 

 
 
The weight of a mass is the downward force 
acting on the mass when the mass enters the 
gravitational field of another mass.  
 
Mathematically, this downward force is its 
weight, which is equal to its mass times the 
acceleration of gravity. 
 
The mass of a liquid like mercury is its density 
times its volume, so force is density times 
volume times the acceleration of gravity, 
symbolized as rho times V times g (ρ * V * g).
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The volume of a column is its cross-sectional 
area times its height, A times h, so the 
downward force, or weight, of a column of 
liquid is density, rho, times cross-sectional 
area, A, times height, h, times the 
acceleration of gravity, g. 
 
What about the weight of the air above the 
column of mercury?  
 
It’s cancelled out. The downward force of the 
column of air above the mercury is offset by 
an equal upward force being exerted by air 
underneath the scale, so the scale is 
measuring only the weight of the mercury. 
 
Here is an open glass tube sitting in a dish of 
mercury. Will the atmospheric pressure push 
the mercury up the glass tube? 
 

 
 
No, atmospheric pressure pressing down on 
the dish of mercury will not push mercury up 
the tube, because there is an equal 
atmospheric pressure pressing down on the 
mercury column inside the glass tube. How 
can we get the mercury to climb up the glass 
tube? 
 
The only way to get the mercury up the glass 
tube is to remove the air pressure above the 
column of mercury, which we can do by 
closing off the top of the glass tube, turning 
the tube upside down, and filling it with  

 
mercury. Then when we invert the tube again 
and place it in the dish of mercury, the 
mercury in the glass tube will only fall part 
way down the tube. Why only part way? 
 
Because with all the air removed, 
atmospheric pressure pushing down on the 
dish of mercury is now unopposed.  
Does it matter how wide the glass tube is? A 
wider tube contains more mercury. More 
mercury weighs more, so will the column of 
mercury drop further? 
 
No. What’s preventing the mercury from 
dropping further in the glass tube is 
atmospheric pressure. What determines how 
far the mercury drops is not its weight, but its 
downward pressure. The mercury will 
continue to drop until its downward pressure 
equals the atmospheric pressure pushing the 
mercury up the glass tube. What is the 
downward pressure being exerted by the 
column of mercury? 
 
The pressure exerted by the column of 
mercury is its downward force, that is, its 
weight, exerted against 1 unit of cross-
sectional area, represented by the formula - 
force divided by cross-sectional area. The 
units for pressure, then, are newtons of force 
per square meter. 
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We just determined that the weight of the 
column of mercury is its density times its 
cross-sectional area times its height times the 
acceleration of gravity.  
 
When the weight of the mercury column is 
divided by the cross-sectional area, A, the 
cross-sectional areas cancel out, and the 
downward pressure exerted by the column of 
mercury equals the density of mercury times 
the height of the mercury column times the 
acceleration of gravity.  
 
Density and gravity are constant. So when the 
height of the column of mercury reaches a 
point where rho times h times g (ρ* h * g) 
equals atmospheric pressure, the column of 
mercury will stop falling.  
On a normal day, this happens when the 
height of the column of mercury reaches 760 
mm. The atmospheric pressure preventing 
the column of mercury from falling further is 
1.013 times ten to the 5 newtons per square 
meter. 
 
10.  How much pressure will it take to fill a 
water tank 30 meters high? And what will the 
water pressure be at the spigot attached to 
the bottom of the tank? 
 

 
 

 

(A)  2.1 * 105 
𝑘𝑔 𝑚

𝑠𝑒𝑐2  (
𝑁

𝑚2) 

(B)  2.3 * 105 
𝑘𝑔 𝑚

𝑠𝑒𝑐2  (
𝑁

𝑚2) 

(C)  2.4 * 105 
𝑘𝑔 𝑚

𝑠𝑒𝑐2   (
𝑁

𝑚2) 

(D)  2.9 * 105 
𝒌𝒈 𝒎

𝒔𝒆𝒄𝟐
 (

𝑵

𝒎𝟐
) 

(E)  3.1 * 105 
𝑘𝑔 𝑚

𝑠𝑒𝑐2  (
𝑁

𝑚2) 

 
The pressure needed to fill a 30 meter high 
tank is the same pressure that the filled tank 
will exert after being filled. That pressure is 
the density of water times acceleration of 
gravity times the height of the tank. The 
density of water is 1.0 kg per cubic meter. 
 
1 x 103 kilograms per cubic meter times the 
acceleration of gravity times thirty meters 

equals 
2.9 𝑥 105 

𝑘𝑔 𝑚

𝑠𝑒𝑐2  
 𝑚

𝑚𝑒𝑡𝑒𝑟𝑠2

, or 2.9 
𝑛𝑒𝑤𝑡𝑜𝑛𝑠

𝑚𝑒𝑡𝑒𝑟2 .  

 
This is the pressure needed to fill the tank to 
30 meters, and the water pressure at the 
spigot once the tank is filled. 
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11.  At rest, the columns of mercury in both 
arms of this U tube are at the same level.  
 
How much downward pressure does this 
syringe have to exert to create a 487 mm 
difference in the heights of the two columns? 
How much downward pressure does the 
syringe have to exert to create the same 487 
mm difference if the right arm of the U tube 
is now closed with no air in it? 

 
 
(A)  Open: 1.66 * 104 N/m2;  Closed: 6.49 * 
104 N/m2 
(B)  Open: 6.49 * 104 N/m2;  Closed: 1.66 * 
105 N/m2 
(C)  Open: 1.66 * 105 N/m2;  Closed: 6.49 * 
104 N/m2 
(D)  Open: 6.49 * 105 N/m2;  Closed: 1.66 * 
105 N/m2 
(E)  Open: 6.49 * 105 N/m2;  Closed: 6.49 * 104 
N/m2 

 

Because the mercury columns are not moving 
up or down, the downward pressure in the 
left arm of the U tube has to equal the 
downward pressure in the right arm. 
 
What is the downward pressure in the right 
arm? The downward pressure in the right arm 
is the downward pressure generated by the 
487 mm column of mercury plus the 
atmospheric pressure above the column of 
mercury. 

 
The pressure of the 487 mm column of 
mercury is the density of mercury, rho, times 
the height of column times gravity. 
 
Atmospheric pressure is 1.013 times ten to 
the 5 newtons per square meter. 
The pressure in the syringe, then, has to 
equal the density of mercury, 13.6 times ten 
to the 3 kilograms per cubic meter, times 
0.487 meters times 9.8 meters per seconds 
squared plus 1.013 times ten to the 5 
newtons per square meter. 
 
The pressure in the syringe is 6.49 times ten 
to the 4 newtons per square meter plus 1.013 
times ten to the 5 newtons per square meter, 
which equals 1.66 times ten to the 5 newtons 
per square meter. 
 
With the right arm of the U tube closed and 
no air inside it, there is no atmospheric 
pressure for the syringe to overcome. In 
order to push up a column of mercury 487 
mm, the syringe only has to overcome the 
downward pressure generated by the 487 
mm column of mercury, which we 
determined in the last problem to be 6.49 x 
104 newtons per meter. 
 

 


