Comprehensive Oxford Mathematics and Physics Online School (COMPOS)

Year 10 - Physics Assignment 01
Fluids and Hydrostatics

Total Marks: 95

Welcome to the COMPOS Year 10 Physics Entrance Assignment. These problems are designed to stretch
you, so do not be discouraged if you cannot solve them all on your first attempt.

e The assignment is due by 23:59 BST, Thursday 15¢ October 2026 at the latest. There are no
extensions.

e To submit work you must have registered for the programme via our website by Thursday 24th
September 2026. No registration = no submission possible.

e Any submissions are governed by Admissions and Marking policy. [compos.site.ox.ac.uk/sites/
g/files/vzsiac1461/files/2026-08/admissions-and-marking-policy_2026.pdf]

e Solutions must be submitted one problem at a time, to the Google Quiz set up for Y10 Physics 2026.
Registered students will receive an email in a few weeks with information about this.

e Your solutions must be uploaded as image files or pdfs.

e Every problem must be handwritten on paper or in an e-notebook, showing full working, method and
reasoning, no method = no marks.

e This assignment must be entirely your own work. You cannot collaborate or get help to solve the
problems.

¢ You must not use Al
e You can use a calculator, and consult additional resources to research the topics.

e Organise your work in a neat and coherent way, numbering each problem and clearly identifying your
final answer.

e Give each problem a go, and skip to the next one if you are stuck.
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Solving Problems

The key to solving any physics problem is to break it down. In George Pdlya’s book ‘How to Solve It’, he presents
four steps to problem-solving:

1. Understand the Problem: Identify exactly what information you have and what you need to find. Visualise
the situation—for problems involving forces, the first step is to draw a free-body diagram.

2. Devise a Plan: What physics and maths connect your knowns to your unknowns? Newton’s laws deal with
the resultant force. Your plan will almost always require splitting forces into their x and y components.

3. Carry Out the Plan: Resolve your vectors into their components, set up your equations (e.g. Fiet = ma),
and carefully solve.

4. Look Back: Check your units, and ask yourself: Does this make physical sense? Ensure your final magnitude
and direction align with what your free-body diagram predicted.

Avoiding Numerical Errors

It’s best when solving physics problems to keep your calculations symbolic (as algebra) and try to obtain the answer
as an algebraic expression first. If symbolic notation is not given to you in the problem, you should introduce it
yourself. For example, when working out the dimensions of a cuboid, you may wish to label the sides as a, b and c.

You can then substitute any numerical values into your algebraic result and calculate the answer as a number. This
way you are not transferring strings of numbers from one line to the next in your calculations which are difficult to
follow and can be copied incorrectly.

Almost every physical quantity has a unit which you should state with the final numerical result. Imagine you
wrote that the height is equal to h = 4.4. Your reader will be left to guess if that is 4.4 metres, nanometres or
parsecs that you had in mind. Units give your final result physical meaning, don’t forget them.
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1  Fluids

Hydrostatics is the area of physics that looks at how fluids behave when they are still, or static. For example,
water in a well doesn’t flow or move, and we can investigate the effect of the well water at different depths and on
different objects using ideas from hydrostatics. When fluids move, like a rushing river or weather fronts pushing
the atmosphere around, we need to use the ideas from a related area of physics called fluid dynamics. We won’t
look at fluid dynamics in this assignment.

A fluid is a substance with no fixed shape which easily yields to external pressure. You will recall from the particle
model of matter that fluids (liquids and gases) have weaker bonds than solids and usually have larger spaces between
their particles. This allows fluids to flow, and allows you to stick your finger into them, which is what we mean by
yielding to external pressure. A solid won’t do that.

An important consequence is that fluids take the shape of their containers. This is a useful fact when we need to
calculate the volume of a fluid.

1.1 Calculating Volumes

Volume in physics is usually measured in cubic metres, m?, but it may sometimes be given in cubic centimetres
cm3, or as a capacity in millilitres (ml) or litres (1). It is useful to know how to switch between these units:

Litres Centimetres Cubed Metres Cubed

1ml=1x10"31L lecm x 1em x 1em = 1 cm? 0.0lm x 0.0l m x 0.0l m =1x10"%m3
1000 ml =1L 10 cm x 10 cm x 10 em = 1000 cm? 0.lmx01mx01m=1x10"3m?
1x10%ml = 1000 L | 100 cm x 100 cm x 100 cm = 1x10%em?® | I1m x 1 m x 1 m = 1 m?

Table 1: Common conversions of fluid volume units.

The volume of a liquid in a container can be found from the dimensions of the container. It is good to remember
the volumes of some standard shapes, in Appendix A you will find Table 2 listing some common volumes you may
encounter. These are all classed as regular shaped. How would you find the volume of an irregular shape?

Example 1

1 litre of water is poured into a cube with 15 cm sides. Find how deep the water will be.

h
15 cm

15 cm

Solution: First we will introduce the letter V' for volume, the area as A and the height as h.

A litre is the volume of a cube with 10 cm sides, so the volume of our liquid is V' = 1000 cm?®. The unknown

quantity is the height that is reached by this much water occupying an area of A = 15 x 15 cm? = 225 cm?.

1
We can write the equation V' = Ah and solve it to find the height which gives: h = v _ 1000

1= 995 cm= 4.4 cm.

Now try: the example with a cuboid with square sides of 12 cm and a height of 8 cm.
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Problem 1 (5 marks)

In your back garden you have a circular paddling pool. The pool has a diameter of 240 cm and is filled with water
to a depth of 50 cm. Suddenly, the side of the pool splits open, and all the water rushes out.

The garden is enclosed by a brick wall, forming a rectangle 8.0 m long and 6.0 m wide, which traps the water. The
garden also contains a rectangular shed measuring 2.5 m by 2.0 m and a circular stone fire pit with a diameter
of 3.0 m both of which are firmly cemented to the ground. What depth does the water reach within the enclosed
garden walls?

1.2 Density

Did you ever wonder why 1 litre of water weighs 1 kg? In the 1790s, when the metric system was first introduced
in France, the kilogram was defined as the mass of a litre of water at 0°C. The kilogram was later redefined a
few times; the current definition (2019) is based on the atomic spectrum. However, each new definition was kept
consistent with the previous one.

The original definition relies on the density - how much mass there is for a particular volume:

mass (m)

Density (p) = in units of kg m™3. (1)

volume (V)

The density, indicated by the Greek letter p (rho), is useful because it is a property of a substance and is independent
of the amount of the substance. If we take different amounts of water, measure their masses and volumes and
calculate each density using Eq. (1), we will always get the same result. The density of a liquid depends on a
combination of factors; the mass of its atoms or molecules, whether any substance is dissolved in it, and how tightly
bound the atoms and molecules are to each other, which is why seawater is denser than distilled water.

Example 2

Dan likes his tea sweet and dissolves three sugar cubes into his mug. What is the change in density of the tea?
Solution: Look up the mass of a typical sugar cube and the volume of a mug.

Mass of sugar cube = 5 g = 0.005 kg

Volume of tea mug = 300 ml = 300 cm?® = 3 x 10~% m?

Assume the mug is full and that a tea bag steeped in hot water does not change the density (just adds flavour).
Density before sugar is added 998 kg m~3.

Density afterwards is mass/volume = (300 + 15) g /300 cm?® = 1050 kg m~3.

The change in density is therefore 52 kg m~3.

Now try: Cast iron has a 4% carbon content, whereas a steel has 1%, assume the rest of these alloys is
pure iron. Determine the difference in mass of 100 cm? of each.

Problem 2 (5 marks)

Roughly 400 ml of a salad dressing composed of three parts oil to one part balsamic vinegar by mass, is contained
in a uniformly cylindrical bottle of diameter 6 cm. The liquids have differing densities and separate, po; = 0.92 g
cm™? and pyinegar = 1.34 g cm™3. The average density of the salad dressing is 1 g cm™3. What is the height of the
salad dressing within the bottle?
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Problem 3 *(5 marks)

Humans are mostly made of water. First, estimate the number of students per cubic metre in your classroom. Use
this to estimate the mass of water, contained entirely within the students’ bodies, per cubic metre of the room.
State your assumptions.

2 Pressure and Depth

2.1 Pascal’s Law

A fluid exerts a force on any surface exposed to that fluid, i.e. the surface of the inside wall of the container or
the surface of an object that is submerged into that fluid. This push from the fluid is a pressure due to the impact
of the microscopic fluid molecules. When a molecule hits a surface, it rebounds, exerting a small impulse on the
surface. Trillions of such collisions per second give rise to a large scale or macroscopic force.

_ Force (F)

Pressure (P) = Area (A)

in units of Nm~™2 or Pascals (Pa). (2)

There are common alternative units of pressure:

e One bar is defined as 100,000 Pa (100 kPa). A pressure of 1 bar is slightly less than the atmospheric pressure
on Earth at sea level (approximately 1.013 bar).

e One pound per square inch (PSI) is an imperial unit defined as the weight of one pound (454 g) applied to a
square inch (2.54 cm)? of area.

The pressure in tyres or your veins is measured using manometers which compare the pressure of interest to
atmospheric pressure. Another device used for measuring pressure are barometers, these compare the air pressure
to a vacuum and so can be used to find atmospheric pressure.

Example 3
How many PSIs is atmospheric pressure?

Solution:
force from 1 pound  0.454 kg - 9.81 N/kg

area of 1 square inch (0.0254 m)?2

Since atmospheric pressure is 101.3 kPa, it is approximately 101,300/6900 = 14.7 PSI. This is a useful
number to remember when pumping your tyres.

1PSI= ~ 6900 Pa

Now try: A high pressure racing bicycle tyre is inflated to 120 PSI. How many atmospheres of pressure are
inside the tyre?

This brings us to an important discovery about pressure in a fluid attributed to Blaise Pascal — the French scientist
who demonstrated many of the effects of hydrostatics in the 17th century. Pascal’s Law states that the pressure of
a fluid (at a given level) is the same in all directions.

We experience Pascal’s law in everyday life. For example, squeezing a balloon takes the same effort no matter
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which direction you squeeze on the balloon. When you squeeze a tube of toothpaste at the end, the pressure is
transmitted equally through the toothpaste, forcing the toothpaste out through the nozzle.

Example 4
A closed toothpaste tube with an opening of diameter d; = 0.5 cm is pressed so a force of F; = 1 N acts
on the cap. Find the force on the cap if you squeeze a different tube with an opening of d; = 0.8 cm hard

enough to produce the same pressure inside.

Solution: The pressure on the cap depends on the force you apply, and it is the same in both cases. We

F
find this pressure by dividing the force Fy by the area md?/4 of the first tube opening: P = d21 7 The
wih
force in the second case is found by multiplying this pressure by the area of the second opening:
nd3/4 d>
F, =P -rd3/A=F—2— =F-2 =256N.
2 rh/i=hlpn =N

Now try: A new brand of toothpaste needs a minimum pressure of 2,500 Pa to flow. When squeezed, a
person applies a hand force of 10 N distributed over an area of 25 cm? on the tube. Does the toothpaste
flow? What is the minimum cap diameter required so that it can be squeezed out?

The pressure from the atmosphere is barely noticeable to us. It is due to the weight of the atmosphere above us,
and it also acts equally in all directions. If this were not the case, you would not be able to pick up a piece of
paper from a table, as the atmosphere on the top side would be pressing it down with a force that is equivalent to a
weight of a kilogram per square centimetre. The air at the sides and under the paper also exert the same pressure
allowing you to move it freely about as no net force is pushing on it from the air.

Pascal’s Law allows us to think of pressure in a fluid both in terms of how much force is needed to compress it and
in terms of how much of a push it can exert on something. The pressure measured after pumping a bicycle tyre is
the same whether we determine it from the force required to pump more air in, or from the pressure inside pushing
back on a manometer connected to its valve. Hence, we can simply say “the pressure inside the tyre is 50 PSI”,
without thinking of the directions of any forces or areas.

Problem 4 (5 marks)

You have three different sized bottles filled with fizzy drinks, they are all under pressure and sealed with a regularly
shaped cork of mass M. Each cork is inserted the same distance into their respective bottle.

e Bottle A: Volume = 500 ml, Square-based cork with side length = 2.5 cm
e Bottle B: Volume = 1 L, Circle-based cork with diameter = 2.8 cm

e Bottle C: Volume = 4 pints, Triangle-based cork with a base of 4.0 cm and a perpendicular height of 3.0 cm

Determine which cork will fly the furthest when the pressure inside each bottle reaches a maximum of 300 kPa.
State your assumptions.
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2.2 Pressure of a Column of Liquid

o Consider a liquid of density p filling a cylinder to a height h. Ignoring
D atmospheric pressure for the time being, what is the pressure on the bottom
due to the weight of the liquid? Recall that weight is the force due to gravity

Q and equals mass x (acceleration due to gravity), which is g = 9.81 m s~2.

We can use Pascal’s law Eq. (2) to write
mg
p="49
P A7
h

where m is the mass of the liquid and A the area of the cylinder’s bottom.

pressure We can use our density formula p = {7 combined with volume of a cylinder
*_ *’ ) t_ ‘i‘“ ‘t formula V' = A x h to rewrite Pascal’s law as (try this algebra yourself):
A D

P = pgh. (3)

Fi 1: Col f Liquid.
igure 1: Column of Liqui We call this hydrostatic pressure.

What if we want to know the pressure on the cylinder’s sides? If a cylindrical solid were to fit perfectly inside, the
sides of the container cylinder would experience no pressure, but with fluids, the sides are pushed by the molecules
of the liquid which according to Pascal’s law exert a pressure equally in all directions. Thus, each small part of the
side at a particular depth, h, will experience pressure P = pgh.

e

P = pgh as h the depth increases,
so does the pressure. This diagram

Low / Wealkest Jet shows how the pressure on a con-
Pressure — tainer’s wall increases with depth,
pushing the liquid out with a stronger

h P — force.

Strongest Jet
High / An actual experiment to this effect
Pressure E can be found in this Khan Academy

i _i_ _l_ _t_ l video®.
. pressureA ) %https://www.youtube.com/watch?v=
qq4WW8snlKc

Pressure Increases with Depth

<

Figure 2: Diagram showing how pressure increases with depth.

We should note that the pressure inside a liquid is in addition to atmospheric pressure. However, in most cases
it is the extra pressure over and above the atmospheric pressure that is of interest. For example, a tyre with a
hole is of no use even though it has air inside it at atmospheric pressure. This is because the pressure inside and
outside the tyre is the same, so the tyre can be squeezed very easily and doesn’t support any extra weight. For this
reason, manometers show the excess, rather than the absolute, value of the pressure inside a tyre. Another example
is found when deep sea diving; because pressure inside our body is equal to atmospheric pressure, it is the added
pressure from the seawater that makes us uncomfortable if we dive too deep.
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Problem 5 (5 marks)

An empty conical glass flask of mass m has a flat circular base of area A and then tapers to a narrow top at height
h. Tt is filled to the brim with water of density p,,. Find an expression for the total downward force exerted by the
water on the bottom surface of the flask, then determine an expression for the mass of the filled flask. Are the two
expressions the same? Explain.

Problem 6 (5 marks)

2m
A An aquarium tank has a 3 mx 1.5 m window AB for viewing the
fish. The tank contains water with density p = 1000 kg m?.
Find the average pressure and hence average force of the water
3m acting on the window.
B The manufacturers maximum stated safe pressure is 15 PSI. By

considering the force on a cm square at the bottom of the glass,
draw a labelled diagram showing the maximum depth to which
this window could be installed.

Figure 3: Sketch of aquarium tank.

2.3 Siphons

A siphon is a tube that transfers liquid from a reservoir at higher elevation to a reservoir at lower elevation, without
the need for a pump. If you have ever used a piece of hose to empty a fish tank or a paddling pool, you have used
a siphon - the water flows up and over the edge of a container, entirely on its own, before falling down into a lower
bucket or onto the grass.

It is a common misconception that the liquid inside the tube acts like a rope, pulling the water from the top reservoir
down into the lower one. This is not correct; you cannot pull water. Firstly, you must prime the tube by placing
one end into the top reservoir of liquid, then suck air out of the other end until the tube is filled with water. By
sucking the air out, a pressure difference is created between one end of the tube and the other drawing the water
into the tube. Once filled and placed with the second end below the level of the top reservoir, gravity working
together with the weight of the surrounding air (atmospheric pressure) drives the siphon.
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Apex (Papex)

ha

Patm l

\P, atm| l

Flow (v)

B

Figure 4: Siphon system transferring fluid
from a higher reservoir (A) to a lower reser-

voir (B).

Atmospheric pressure (Patm) is pushing down equally on the
exposed surfaces of the water in both reservoirs. Look at the
diagram and notice that a shorter column of water is being
supported by this pressure on the left-hand side compared to
the right-hand side. Consider the water at the very top of the
siphon, it will experience two pressures:

From Side A (higher reservoir): The atmosphere is pushing
the water up, but it has to lift a column of water height h4
against gravity to get there. This reduces the pressure arriving
at the apex from the left:

Papex, A = Patm - pghA

From Side B (lower reservoir): The atmosphere is also push-
ing up from the right, but it has to lift a larger column of water,
height hg. So, the pressure arriving at the apex from the right
is:

Papex7 B = Patm — pghB-

We can see hp is larger than h 4, therefore the fluid at the apex experiences a lower pressure from the right-hand
side than from the left-hand side. Fluids flow from high pressure to low pressure thus the water at the apex is
pushed to the right, causing a continuous flow. The net pressure driving the fluid is simply the difference:

APdrive = Pg(hB - hA) (4)

Pythagoras’ Cup

-

/7~ \
Under Filled

Vi ¥
|

VRN
Over Filled

Pythagoras’ Cup is a curiosity which makes use of the
physics of siphons. A hidden central column houses an
inverted U-shaped channel with an opening close to the
bottom of the cup. As long as you fill the cup below the
top of this channel, your drink stays safely inside. But if
you get greedy and overfill it, hydrostatic pressure creates
a siphon effect, completely draining the entire contents
out through the bottom.

To see this historic siphon in action have a look this clip
by Periodic Videos®.

Figure 5: Sketch of a Pythagoras’ Cup demonstrating the — “https://www.youtube.com/watch?v=ISfIT3B4y6E

siphon effect.

Problem 7 *(5 marks)

Two pen pals share a love of physics and tropical fish. Luis lives in La Rinconada, Peru, Omar lives in historic city
of Jericho. They empty their equally sized aquariums using a siphon. By researching any data you need, calculate
the necessary diameter so that Luis can empty his tank at the same rate as Omar.
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3 Buoyancy

3.1 Archimedes’ Principle

In the previous section we introduced the idea that pressure increases with depth. Any object submerged in a fluid
has a size and thus extends across some depth, therefore the object will experience a difference in pressure from the
fluid acting on the top of the object compared to the bottom. What do the forces on the object look like, and how
would this affect the motion of the object?

Example 5

A cuboid of length [, height h and width w is submerged depth d into a liquid of density p. Find the resultant
pressure force of the liquid on the cuboid.

—————————————————————————— surface of the liquid

Ptop = pgd

Pbottom > Ptop

¢ Pyottom = pg(d + h)

Solution: Let the top side of the object be at depth d. Then the pressure on that face is pgd, and
the resulting force is pgdlw, where lw is the area of the top side. The bottom side experiences a
greater pressure pg(d + h), and the corresponding upward force is pg(d + h)lw. The pressure forces
acting on the sides are pairwise equal and opposite and so there is no resulting force in any sideways
direction. Taking the difference between the upward force at the bottom and the downward force at the
top, we find the overall upward force F' = pg(d+h)lw—pgdiw = pghlw = pgV', where V is the cuboid volume.

This net force which acts on any object submerged in a fluid is called upthrust or buoyancy. It was easy to calculate
for a cuboid, but how can we generalize it to an object of arbitrary shape? Every element of its surface area
experiences a pressure force in a different direction, so summing them up seems to be a daunting task.

The diagram below shows an object submerged in the liquid (right) and an imaginary volume of liquid of the same
shape in place of the object (left). We now note that the forces pushing from the liquid at different depths are the
same whether an object or a volume of the liquid is present. Hence, the volume of the liquid experiences the same
buoyancy force as the object.

A N
N LTk N y
Volume of \“ 2 = Equal £
> | water at | <€ > volume -
A e . .
> ‘\?qulhbrluml, - > solid object -

Y\ Y\

Figure 6: Equivalence of the inward pressure forces acting on a volume of water at equilibrium (left) and a solid
object of equal volume (right).
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In spite of that force, the liquid volume is not moving up or down. This is because the upthrust acting on the liquid
volume is exactly balanced by the weight of the liquid. We know that the weight is equal to pgV, where V is the
volume of the “submerged” liquid (and of the object) and p is the liquid’s density. We conclude that the buoyancy
force or upthrust is

F = pgV, (5)

consistent with our earlier result for a cuboid, but now applicable to any arbitrary shape. This result is often
formulated as Archimedes’s principle: the magnitude of the buoyancy force acting on a body is equal to the weight
of the fluid that the body displaces.

The diagram on the left demonstrates
that putting the mass into liquid reduces
the reading on the scale by 2 kg.

This means the buoyancy force F,, is
equal to 2 kg x 9.81 N kg=! =19.6 N.

This also means that the weight of the
displaced liquid is equal to 19.6 N.
s

2 kg of water

Figure 7: Experimental demonstration of Archimedes’ principle.

Problem 8 (5 marks)

A uniform, solid, wooden cylinder of length L floats vertically inside a tall beaker. The beaker contains a layer of
oil (density p,) floating on top of water (density p,).

The cylinder is perfectly balanced such that exactly half of its length is submerged in the water, and the other half
is submerged in the oil. The top of the cylinder is flush with the top surface of the oil.

Derive an expression for the density of the wooden cylinder, p., purely in terms of p,, and p,.

3.2 Flotation

Whether an object floats or sinks depends on its mean density. If this is greater than that of the liquid, its weight
will exceed the buoyancy force, so the object will sink. Whether it floats or sinks, upthrust will be acting on the
object in the opposite direction to the weight and so the effective weight of an object in a fluid will always be less
than its weight out of the fluid.

If the mean density of the object is less than the density of the fluid, the object will sink just so much as to create
enough buoyancy force to push back and balance the weight.

Mathematically, we can write this as follows:

weight of object = upthrust from liquid

Pobject Vobjectg = Pliquid Vvsubmergedg;

where Viubmerged is the volume of the submerged part of the object. As g is the same on both sides of this expression
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Buoyancy Pobject

Figure 8: Floating occurs when buoyancy balances weight.

we can cancel it, then we rearrange the remaining terms for density and volume so they are collected together,

Pobject o ‘/;ubmcrgcd (6)

Pliquid Vobject

In other words, the density of a submerged object compared to the density of the liquid tells us how much of the
object is submerged and how much is still above the surface:

Density of object

= fraction of object in the water.
Density of liquid )

Example 6

A cylindrical log of length [ = 3.5 m and diameter d = 30 cm is floating in fresh water. What is the maximum
mass m of a person who can stand on the log without getting their feet wet? The density of the wooden log
is py = 0.7 x 103 kg m~3, the density of the water is p,,.

Allpngd2l

mg
1pigmd?®l

Solution: The volume of the log is V' = 7d?l/4 and hence its weight is m;g = p;Vg = pignd®l/4. This
weight, together with the weight mg of the person, are the two downward forces acting on the log. They are
balanced by the upward buoyancy force, Fy, = p,,V g = pungmd®l/4, where p,, is the density of water. Hence,
we can write

1 1
Zplgwdgl +mg = prgﬁd2l.

We cancel g on both sides and readily find

1
m = Z(pw — p)wd?l = 74 kg.
Now try: how many children of mass 32 kg can stay afloat on the log if it were placed in the Dead Sea

which has density pg, = 1240 kg m—3?
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Example 7

An iceberg floats in the North Atlantic Ocean. The density of ice is 917 kg m™3 compared to seawater
which has a density of 1020 kg m~2. What volume of water does the iceberg displace if its volume is 3000 m??

Pice

Solution: To find the submerged volume, using Eq. (6): Vsubmerged = Viceberg —— = 2697 m?3, or about

water

90% of the total volume.

Now try: A block of glacier ice breaks off into the ocean to form a new floating iceberg. The new iceberg
displaces 2255 m? of seawater. What is the total volume of the iceberg and how much of it stays above water?

Problem 9 (5 marks)
A spherical underwater probe of radius r and mass m is attached to the seabed by a thin, vertical steel cable. The

probe is fully submerged, and the surrounding water has density p,,.

a) Draw a diagram and find an expression for the tension in the cable.

b) Find an expression for the maximum radius of the probe so that it will not sink.

4 Review Problems

Problem 10 (5 marks)

If the average density of the universe is at least 6 x 10727 kg m 2, then the universe will eventually stop expanding
and begin contracting. How many hydrogen atoms are needed per cubic metre to produce this critical density?

Mass of a proton (m,): 1.673 x 10727 kg

Mass of an electron (m.): 9.109 x 1073 kg

Comment on the result, think about everyday objects around you. Why is the universe not currently contracting?

Problem 11 *(10 marks)

For this problem, go to the Buoyancy Applications Simulator, by clicking on the link or going to the website:
https://phet.colorado.edu/sims/html/buoyancy/latest/buoyancy_all.html. When launching the simula-
tion in your browser you may need to click the play button or download it.

Click on the ‘Explore’ tab at the bottom of the screen, locate the material selection box in the top-right corner,
select material R first and then material S. Verify that your screen matches the reference images below.

Use the simulations to obtain data for Material R and Material S.
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Figure 9: Screenshot examples of Buoyancy Applications Simulator setup.

a) Estimate the density ratio of Material R and Material S.

b) Derive an expression for the fluid density (pauia) required so that an object will float with a specific percentage
(P%) of its volume submerged.

¢) Using your expression, determine if it is mathematically possible to find a single fluid density where Material R
is exactly 40% submerged and Material S is exactly 80% submerged simultaneously. If it is possible, calculate
the fluid density. If it is not, explain why, and calculate a valid percentage and density for S for when R is
40% submerged. Interpret your results.

Provide screenshots with your submission of you using the simulation displaying data you have collected. State any
assumptions that you have made.

Problem 12 *(10 marks)

The 5 m x 5 m basement room of a house has flooded. A video online that shows you can expel the floodwater in
minutes with just a cup (if you have a drain pipe sticking out the floor). Following the instructions, you placed an
empty cup upside down over the pipe of diameter D, = 4 cm, but the water would not drain. Explain why the cup
must be filled with water first to start the flow.

Inverted Cup Assuming someone holds the cup perfectly still, the
<---Deyp --—> inside of the cup is exactly 1.5 cm above the top of the
9.5 cm tall drain pipe. Given the total height of the
cup is 11 cm, the water will not drain completely down
to 0 cm. At what depth will the siphon break and the
flow stop? Explain your reasoning.

Calculate the initial driving pressure of the siphon
when the floodwater is 4.0 cm deep.

This assignment has focused on hydrostatics, but we
shall briefly look at the flow of water out of the pipe.
The speed at which the water is driven out through the
pipe is given by

Floor / Drain

1
APyrive = ipwateer

Figure 10: Cross-sectional diagram of the makeshift cup Estimate how long it would take to empty the ground

siphon over a drain pipe. floor of water.
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Problem 13 (5 marks)

You decide to take a hot air balloon ride. The hot air balloon has a total mass of 1 tonne which includes the empty
balloon, the basket and four passengers. When fully inflated, the spherical balloon has a diameter of 22 metres.
Draw a fully labelled free body diagram indicating all the forces acting on the balloon system. Estimate the density
of heated air in the balloon, neglecting the buoyancy forces acting directly on the basket and passengers. State
the value of any physical quantities you have introduced to perform your calculation, such as the density of the
surrounding ambient air.

Problem 14 (10 marks)

Consider the two vessels below. One is a cylinder of radius R and the other is a cone with maximum radius R.
Both vessels have a water spout at the bottom, positioned a distance H from their open tops. Both vessels are
filled with water to the top.

a) Which will empty first?

How would the answer to a) change in each of these
scenarios? Show your full working for each.

b) Tripling the height of the cone?

¢) Changing the cylinder for one three times the
height, but a third of the radius?

d) Tripling the area of the hole at the bottom of the
=> => cylinder?

Figure 11: Cylindrical vs. Conical draining vessels.

Problem 15 (10 marks)

An ice cube of density 917 kg m~3 is floating in a glass of radius r, filled to the brim with water. Frozen at the
centre of the ice cube is a small, solid steel ball bearing of density 7800 kg m~3. The ice cube is floating, but only
just—it is submerged such that its top is exactly level with the surface of the water.

a) What is the ratio between the volume of the steel ball bearing and the volume of the ice cube?
b) The ice cube melts and the ball bearing falls into the glass. Will the glass overflow?

¢) What if the exact same ice cube (with the steel ball) was placed in a glass filled to the brim with a heavy
brine solution of density 1100 kg m™>? Describe what happens to the ice cube initially and then when the
ice melts.
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A Key Equations

Description Formula
Density, p p=1
Pressure, P P = %
Hydrostatic Pressure, P P = gph
Siphon Pressure Difference, AP AP = gplhg — ha)
Upthrust (Buoyancy), F F = pgV
Shape Dijagram Dimensions Formula

}Li ____L
Cuboid P ¢ Length [, width w, height h V=Ixwxh

1

Prism ‘ Base area A, height h V=Axh
Cylinder Radius r, diameter d, height h | V = 7r?h = %wd2h
Cone Radius r, height h V= %mﬁh

a V=453

; 3

Sphere v Radius 7 (Surface Area: A = 4nr?)

Table 2: Volume formulae of common regular shapes.

B Now Try Examples - Answers

Example 1: h =6.9 cm

Example 2: Am =168 g
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Example 3: Absolute pressure ratio = 120/14.7 = 8.2
Example 4: d = 0.0063 m
Example 6: N = 4.175 so 4 children can stay afloat on the log.

Example 7: Viota = 2508.29 m3 and Vipove = 253.29 m?
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