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Density

Time for some maths I'm afraid. But at least it comes with a fun experiment, so it's not all bad...

Density is Mass per Unit Volume
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= The symbol for density is a

Density is a measure of the 'compactness' (for want of a better word) of a substance. = ook letter tho (p) — it =
It relates the mass of a substance to how much gpace it takes up. = looks like a p but it isnt. =
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mass

Density =

volume Pine p =05 g/em’
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Oil p=038 g/em’

The units of density are g/cm?® or kg/m?3.
1) The density of an object depends on what it's made of.
Density doesn't vary with gize or ghape.

2) The average density of an object determines whether it
floats or ginks — a solid object will float on a fluid if it has

a lower average density than the fluid (p.102).

You Can Find the Density of Solids and Liquids

1) To find the density of a substance, measure its mass and volume and use the formula above.
2) The easiest way to find the density of a liquid is to use a measuring cylinder.
3) Use a mass balance (p.104) to measure the mass of the empty measuring cylinder.

4) Pour in the liquid you're investigating. Measure the mass of the cylinder again
— the difference in mass is equal to the mass of the liquid.

5) Finding the volume of the liquid is easy — just read it from the cylinder's scale. 1 ml = 1 cm®.

6) If you want to measure the volume of a prism, find the area of its base and then multiply
it by its height. For a cube this is dead easy — it's just length x width X height.
7) 1If your object isn't a regular shape, you can find its volume using the fact that

an object submerged in water will displace a volume of water equal to its own volume.
One way of doing this is to use a density bottle:

1) Measure the mass (m,) of the object using a mass balance.
2) Eill the bottle with a liquid of a known density (e.g. water).

3) Place the stopper into the bottle and dry the outside. \

4) Measure the mass of the bottle (m,).

5) Empty the bottle and place the object into the density bottle.

Repeat steps 2 and 3. Measure the mass of the bottle (m,).

6) Calculate the volume of displaced water: Liquid is pushed up the tube

* The mass of the displaced water = m, - (m, - m)) 'i: ;:i i;ZPEZZtJS:L:h:o::tIZ:te
*  You know the density of water, so you can use

Iy,
V = m + pto find the volume displaced. L5 W Sl
This equals the volume of the obieci. can and a measuriEg
i if you don't
7) Calculate the density of the object using p = m + V with the mass cylinder if you don't have
you measured in step 1 (m,) and the volume you calculated in step 6.
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access to density bottles.
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I’m feeling a bit dense after that lot...

Remember — density is all about how tightly packed the particles in a substance are. Nice and simple really.
Q1 An object has a mass of 0.45 kg and a volume of 75 cm®. Calculate its density in kg/m®. [3 marks]

Q2 A cube has edges of length 1.5 ¢cm and an average density of 3500 kg/m®. What is its mass? [3 marks]
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Kinetic Theory and States of VMatter

According to kinetic theory, everything's made of tiny little balls. The table, this book, your Gran...

Kinetic Theory is a Way of Explaining Matter |

1) In kinetic theory, you can think of the particles that make up matter as tiny balls. You can explain the
ways that matter behaves in terms of how these tiny balls move, and the forces between them.

2) Three states of matter are solid (e.g. ice), liquid (e.g. water) and gas (e.g. water vapour).
The particles of a substance in each state are the same — only the arrangement and energy of the
particles are different. If you reverse a change of state, the particles go back to how they were before.

3) So changes of state are physical changes (only the form of a substance changes).
These are different from chemical reactions, where new substances are created by the reaction.

) Strong forces of attraction hold the particles close together in a fixed,
3 regular arrangement. The particles don't have much energy in their
) kinetic energy stores so they can only vibrate about their fixed positions.

,

___ The forces of attraction between the particles

39 are weaker. The particles are close together,
" but can move past each other and form irregular
arrangements. They have more energy in their
kinetic energy stores than the particles in a solid
— they move in random directions at low speeds.

AV,
When a change of state occurs, =

the spacing between particles =
changes, so the internal energy =
(see next page) of the substance =
also changes. As the particles =
get closer together, their internal =

energy decreases.
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There are almost no forces of attraction between the
particles. Particles have more energy in their kinetic
energy stores than those in liquids and are free fo move
GAQ — they travel in random directions at high speeds.
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4) The energy in a substance's thermal energy store is held by its particles
in their kinetic energy stores — this is what the thermal energy store actually is.

5) When you heat a liquid, the exira energy is transferred into the particles' kinetic energy stores,
making them move faster. Eventually, when enough of the particles have enough energy to
overcome their attraction to each other, big bubbles of gas form in the liquid — this is boiling.

6) It's similar when you heat a solid. The extra energy makes the particles vibrate faster until eventually
the forces between them are partly overcome and the particles start to move around — this is melting.

Density of a Substance Varies with State but Mass Doesn’t

1) Provided you're working with a closed system (i.e. no particles can escape, and no new particles can
get in) the mass of a substance isn't affected when it changes state. This makes sense — the mass of
a substance is the mags of its particles, and the particles aren't changing, they're just being rearranged.
2) However, when a substance changes state its volume does change. The particles in most
substances are closer together when they're a solid than a liquid (ice and water are an exception),
and are closer together when they're a liquid than a gas (see the diagrams above).
3) Since density = mass + volume (p.93), then density must change too. Generally,
substances are most dense when they're solids and least dense when they're gases.

Physics — it’s really abbut state of mind...

Remember, the mass of a substance just comes from the particles, not the spaces between them. So as something
expands or contracts, its volume changes but its mass stays the same.

Q1 Explain how the density of a typical substance changes as it changes from solid to liquid to gas. [3 marks]

Section 7 — Matter



95

Specific Heat Capacity

The temperature of something isn't quite the same thing as the energy stored in the substance's thermal energy
store. That's where specific heat capacity comes in...

\\1.‘ll||lIIHIlIIHJ‘IJ’IIiiHU/

Specific Heat Capacity Relates Temperature and Energy | = '™ eneray is actually the sum

of the energy in the kinetic and
1) Heating a substance increases the energy in its thermal energy store potential stores of the particles
(or the kinetic energy stores of its particles, see p.24). You may

You can us_ua”y ignore energy in
sometimes see this referred to as the internal energy of a substance. Y T?Ee,nlt i { ,Sfc:rle " :t T?T‘?}:, TS
2) So in kinetic theory, temperature is a way of measuring the average internal energy of a substance.
3) However, it takes more energy to increase the temperature of some materials than others.
E.g. you need 4200 J to warm 1 kg of water by 1 °C, but only 139 J to warm 1 kg of mercury by 1°C.

4) Materials that need to gain lots of energy to warm up also releage loads of energy when they
cool down again. They store a lot of energy for a given change in temperature.

) The change in the energy stored in a substance when you heat it is related to the change in its
temperature by its specific heat capacity. The specific heat capacity of a substance is the change in
energy in the substance's thermal store needed to raise the temperature of 1 kg of that substance by
1°C. E.g. water has a specific heat capacity of 4200 J/kg°C (that's pretty high).

6) You need to know how to use the equation relating energy, mass, specific heat capacity and temperature.

. RERRRRARRAA RS
Change i AO o m X C X AQ /_\]ust means
energy 1)
Mass (kg)
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Temperature

change (°C)

[REREA

: oy
change in'. =
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Specific heat capacity (J/kg°C)

You can Find the Specific Heat Capacity of Water

You can use the experiment below to find the gpecific heat capacity of water
— or any liquid for that matter. (There's another experiment on

page 96 that investigates how water behaves when it changes state.)

If you can, you should use a thermally insulated container for both of &
these experiments to reduce energy wasted to the surroundings (p.27). =

1) Use a mass balance to measure the mass of the insulating container.

2) Fill the container with water and measure electric immersion
the mass again. The difference in mass is
the mass of the water in the container.

8) 8et up the experiment as shown to power
— make sure the joulemeter reads zero supply
and place a lid on the container if you have one.

4) Measure the temperature of the water, then turn on the power.
5) Keep an eye on the thermometer. When the temperature has increased by e.g. ten degrees,
stop the experiment and record the energy on the joulemeter, and the increase in temperature.

6) You can then calculate the specific heat capacity of the water by SN L LAV AR KRR R AR R AR RARRRRNLY:

i i ing i You could also use a voltmeter and
rearranging the equation above, and plugging in your measurements. arvmeter nstoad of 3 joulemeter e
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You can use this set up with solid

blocks to find the SHC of solids.
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thermometer

N
water

joulemeter

insulating container
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7) Repeat the whole experiment at least three times, = how long the heater was on for, then
then calculate an average of the specific heat capacity (p.7). =, calaulate the energy S‘jf’p',"fdl l(?»m)‘l K:
Arrprivirvidd | | I

Iwish I had a high specific fact capacity...

Make sure you practise using that equation — it’s a bit of a tricky one.

Ql If a metal has a specific heat capacity of 420 J/kg°C, calculate how much the temperature
of'a 0.20 kg block of the metal will increase by if 1680 J of energy are supplied to it. [2 marks]

Q2 Describe an experiment you could do to find the specific heat capacity of water. [4 marks]
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Specific Latent Heat

If you heat up a pan of water on the stove, the water never gets any hotter than 100 °C. You can carry on
heating it up, but the temperature won't rise. How come, you say? It's all to do with latent heat...

You Need to Put In Energy to Break Intermolecular Bonds

1) Remember, when you heat a solid or liquid, you're transferring energy to the kinetic energy
stores of the particles in the substance, making the particles vibrate or move faster (p.24).

2) When a substance is melting or boiling, you're still putting in energy, but the energy's
used for breaking intermolecular bonds rather than raising the temperature.

3) When a substance is condensing or freezing, bonds are forming between particles,
which releases energy. This means the temperature doesn't go down until all
the substance has turned into a liquid (condensing) or a solid (freezing).

4) You can see this by doing this simple experiment: PRACT] CAL

1) Fill a beaker with crushed ice. thermometer
2) Place a thermometer into the beaker and record the temperature of the ice.
3) Using the Bunsen burner, gradually heat the beaker full of ice. i L ice

4) Every twenty seconds, record the temperature and the current _:
state of the ice (e.g. partially melted, completely melted). stand &
5) Continue this process until the water begins to boil. Miiiieer Biier
6) Plot a graph of temperature against time for your experiment.
Your graph should look like this: You get a similar one for condensing and freezing:
Temperature A Temperature A
) The flat spots on the graphs
) . evag;?:‘gng/ steam (gas) B . gas ’ f show a change of state
g il e eeennamannd bailing point - (at a constant temperature).

) - water (liquid) iqui
melting point o ---- meltin . melting point - --------- af))
solid 7

ice (solid) R} m

Time Time
RURRERRERANRURRRRA RN ENRRRDS

= Don't get confused with specific

heat capacity, which relates to
a temperature rise of 1 °C.

1) The gpecific latent heat (8LH) of a change of state of a substance is the ZHA O TV Ly
amount of energy needed to change 1kg of it from one state to another without changing its temperature.

2) For cooling, specific latent heat is the energy released by a change in state.
3) Specific latent heat is different for different materials, and for changing between different states.

4) The specific latent heat for changing between a solid and a liquid (melting or freezing) is called
the gpecific latent heat of fusion. The specific latent heat for changing between a liquid and a gas
(evaporating, boiling or condensing) is called the specific latent heat of vaporisation.

5) You can work out the energy needed (or releagsed) when a substance
of mass m changes state using this formula:

Thermal Energy (Q) = Mass (m) X Specific Latent Heat (L)

Y
7

Specific Latent Heat is the Energy Needed to Change State

(ENRR RN

RN

Thermal energy is given in joules (1), mass is in kg and SLH is in J/kg.

Breaking Bonds — Blofeld never quite manages it...

Fun fact: this stuff explains how sweating cools you down — the energy that builds up in your body when you
exercise is used to change liquid sweat into gas, rather than increasing your temperature. Nice...

Q1 Sketch a graph showing how the temperature of a sample of water will
change over time as it’s heated from —5 °C to 105 °C. [3 marks]
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Particle Motion in Gases

Gas particles fly around, bump into things and exert forces on them. This is happening to you right now
— the air around you is exerting pressure on you (unless you're somehow reading this in space).

Colliding Gas Particles Create Pressure

1)
2)
3)

4)

According to kinetic theory, all matter is made up of very small, constantly moving particles.
Particles in a gas hardly take up any space. Most of the gas is empty space.

As the gas particles move about at high speeds, they bang into each other and whatever else happens to
get in the way. When they collide with something, they exert a force (and so a pressure — p.101) on it.

In a gealed container, the outward gas pressure is the total force exerted

: . - - A sealed container
by all of the particles in the gas on a unit area of the container walls. i e

2taled Container

vilvbyv gy

no matter can get in or gut.

Gas Pressure Varies with Volume and Temperature

1) The speed of gas particles depends on the temperature of the gas. The higher the temperature,
the faster the particles move and the more often they collide with the container. The force

exerted by each particle during a collision also increases as the temperature increases.

2) 8o increasing the temperature of a fixed volume of gas increases its pressure.

3) Alternatively, if temperature is constant, increasing the volume of a gas means the particles get
more spread out and hit the walls of the container less often. The gas pressure decreases.

4) Pressure and volume are inversely proportional — when volume goes up, pressure goes down
(and vice versa). For a gas of fixed mass at a constant temperature, the relationship is:

A= VAN where P is the pressure at a volume V, and P, is the pressure at a volume V.
1L MM Pressure is in Pa (or N/m2) and volume is in mé.

LAbsqute Zero is as Cold as Stuff Can Get — 0 kelvin

1)

2) In theory, the coldest that anything can ever get is -273 °C — this temperature

3) Absolute zero is the start of the Kelvin scale of temperature. .
4) A temperature change of 1 °C is also a change of 1 kelvin. The two scales |

If you increase the temperature of something, you give its particles more
energy — they move about more quickly or vibrate more. In the same way,
if you cool a substance down, you're reducing the energy of the particles.

is known as absolute zero. At absolute zero, the particles have as litile energy
in their kinetic stores as it's possible to get — they're pretty much still.

are pretty similar — the only difference is where the zero occurs.

§) To convert from degrees Celsius to kelving, just add 273.

And to convert from kelving to degrees Celsius, just gubtract 273.

Absolute zero | Freezing point of water | Boiling point of water |

N NNV EN RN RN EES
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example of a closed system —
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Celsius scale -273 °C D*e 100°C = Theres no degree
= symbol when you write
Kobrirs coale 0 K 073 K 878 K = atemperature in kelvins,
= Just write K, not °K. OK.
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Gas particles need to watch where they’re going...
Remember, the more gas particles there are, and the faster they travel, the higher the pressure. Simple...

Q1
Q2
Q3

Find the value of 25 °C in kelvin. [l mark]

Explain how a gas exerts pressure on its container. [2 marks]

3.5 m’ of a gas is at a pressure of 520 Pa. It is compressed to a volume of 1 m?

at a constant temperature. What is the new pressure of the gas? [3 marks]
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Pressure, Temperature and Volume

Don't breathe out yet — there's gtill more about pressure that you need to know.

A Change in Pressure Can Cause a Change in Volume

1) You know from the previous page that a gas exerts a force on its container

due to collisions between the particles and the walls of the container. /(:z ??;'TLei;:;:m
2) These collisions happen in random directions, but add together to produce % directions
a net (overall) force at right angles to the wall of the container. >/
3) Unless it's in a vacuum, the outside of a gas container 2\ : ,
will also be under pressure from whatever's around it a :Zt l:g":;;i’ét‘:
— e.g. atmospheric pressure from the air (p.102). 05,_» ¢

4) For containers without a fixed volume (e.g. a balloon) the volume of the
container (and so the volume of the gas inside) is constant (it isn't expanding or contracting) when the
pressure of the gas inside pushing outwards is equal to the pressure of the air outside pushing inwards.
5) You can change the volume of a gas in a container that doesn't have a fixed volume by
changing either the internal (outward) or external (inward) pressure on the container:

You can change the pressure of a gas inside a container inward pressure from
(B.g. a balloon) bg hea’ring or c()oling. gas particles outside

the balloon

As the balloon is heated, the gas particles inside it gain energy and move
around quicker. This increases the pressure of the gas inside the balloon.
The outward pressure of the gas inside the balloon is now larger than the

inward pressure caused by the surroundings. The balloon (and so the
volume of the gas) expands until the pressures are equal once more.

Cooling the gas in the balloon has the opposite effect — the outward pressure
is smaller than the inward pressure, so the gas inside the balloon is compressed.

outward pressure
from gas particles

inside the balloon

You can change the external pressure on a gas in a number of ways: plunger

For a gas in an air-tight suringe, pushing hard on the plunger increases the
inward pressure on the gas, so that it is larger than the outward pressure.
This causes the gas inside of the syringe to be compressed.

7
Atmospheric pressure (p.102) decreases as altitude increases, Snge
s0 as a container of gas rises, the inward pressure decreases.
This causes the gas to expand as the altitude increases.

applied force

increases inward
pressure

NERERRARER R RARRRE
There's more about

= doing work on p66.
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1) Doing work on a gas can increase its internal energy (p.95), which increases its temperature.
2) You can do work on a gas mechanically, e.g. with a bike pump.
(You also do work on a gas when you heat it up.)
3) The gas exerts pressure on the plunger of the pump, and so exerts a force
on it. Work has to be done against this force to push down the plunger.
4) This transfers energy to the kinetic energy stores of the gas particles,
so increases the internal energy and therefore the temperature.
5) If the pump is connected to e.g. a tyre, some of this energy is transferred from the gas to the
thermal energy store of the tyre, and you'll feel the tyre getting warmer as you pump it up.

Vi
[ERRREN

Doing Work on a Gas Can Increase its Temperature

Hope the pressure’s not getting to you...
Get your head around how changing pressure can cause a change in the volume of a gas (and its container).
Ql Explain why pumping up a bike tyre increases the tyre’s temperature. [3 marks]
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Forces and Elasticity

And now for something a bit more fun — squishing, stretching and bending stuff.

Stretching, Compressing or Bending Transfers Energy A
1) When you apply a force to an object you 3
may cause it to gtretch, compress or bend. F
2) To do this, you need more than one force acting E
on the object (otherwise the object would simply move in
the direction of the applied force, instead of changing shape). F
3) An object has been elastically distorted if it can go back to its
original shape and length after the force has been removed. F

4) Objects that can be elastically distorted are called elastic objects (e.g. a sprlng) E
5) An object has been inelastically distorted if it doesn't return to its S
original shape and length after the force has been removed.
8) The elastic limit is the point where an object stops distorting
elastically and begins to distort inelastically. - ;
7) Work is done when a force stretches or compresses an object and causes energg to be

transferred to the elastic potential energy store of the object. If it is elastically distorted,
ALL this energy is transferred to the object's elastic potential energy store (see p.100).

Elastic objects — useful
for passing exams and
scaring small children

! Extension is Directly Proportional to Force...

If a spring is supported at the top and then a weight is attached to the bottom, it strefches.

1) The extension of a stretched spring (or other elastic object) is
directly proportional to the load or force applied — so F « x.

2) This means that there is a linear relationship between force and extension.
(If you plotted a force-extension graph for the spring, it would be a gtraight line.)

3) This is the equation: where F is the applied force in N,
i X X Wargie spring constant in N/m and x is the extension in m.

4) The spring constant depends on the material that you are stretching
— a gtiffer spring has a greater spring constant.

5) The equation also works for compression (where x is just the difference

RS R A AR R R AR RN RRN AN LY
For a linear relationship, the gradient z
of an object's force-extension graph is
equal to its spring constant,

GG

’Minmn

between the natural and compressed lengths — the compression). A A R TR
...but this Stops Working when the Force IS Great Enough non-linear relationship

There's a limit to the amount of force you can applg to an object
for the extension to keep on increasing proportionally.

Force

E

1) The graph shows force against extension for an elastic object. p

2) There is a maximum force above which the graph curves, showing that extension
is no longer proportional o force. The relationship is now non-linear — the (-\
objec’r stretches more for each unit increase in force. This point is known as
the limit of proportionality and is shown on the graph at the point marked P.

3) The elastic limit (see above) is marked as E.

Past this point, the object is permanently stretched. >
Extension

linear relationship

I could make a joke, but I don’t want to stretch mysellf...
That equation is pretty simple, but that doesn’t mean you can skip over it. Have a go at the question below.

Ql A spring is fixed at one end and a force of 1 N is applied to the other end, causing it to stretch.
The spring extends by 2 cm. Calculate the spring constant of the spring. [2 marks]

Section 7 — Matter




100

Investigating Elasticity

You can do an easy experiment to see exactly how adding masses to a spring causes it to stretch.

You Can Investigate the Link Between Force and Extension

PRACTICY),

8et up the apparatus as shown in the diagram. Make sure you have plenty of extra masses, then measure
the mass of each (with a mass balance) and calculate its weight (the force applied) using W = mg (p.17).

You could do a quick pilot experiment first to find out what size masses to use.

1)

2)

3)

4)

Using an identical spring to the one you will be testing, load it with masses
one at a time and record the force (weight) and extension each time.

Plot a force-extension graph and check that you get a nice gtraight line for at
least the first 6 points. If it curves too early, you need to use smaller masses.

Measure the natural length of the spring (when no load is applied)
with a millimetre ruler clamped to the stand. Make sure you take the
reading at eye level and add markers (e.g. thin strips of tape) to the
top and bottom of the spring to make the reading more accurate.

Add a mass to the spring and allow the spring to come to rest.
Record the mass and measure the new length of

the spring. The extension is the change in length.

Repeat this process until you have enough

measurements (no fewer than 6).

Plot a force-extension graph of your results.
It will only start to curve if you exceed the limit of proportionality,
but don't worry if yours doesn't (as long as you've got the straight line bit).

extra
masses

You should find that a larger force causes a bigger extension. M

You can also think of this as more work needing to be done to cause
a larger extension. The force doing work is the gravitational force
and for elastic distortions, this force is equal to F = kx.

You can find the work done for a particular forces (or energy
stored — see below) by calculating the area under the linear
section of your force-extension graph up to that value of force.

N)

Force (

Work done

anEN

2 . Cdl
Extension (m)

You Can Calculate Work Done for Linear Relat}onships

1) Look at the graph on the previous page. The elastic limit is always at or beyond the limit

of proportionality. This means that for a linear relationship, the distorti

on is always elastic

— all the energy being transferred is stored in the spring's elastic potential energy store.

2) 8o, as long as a spring is not stretched past its limit of proportionality,

work done

to the spring is equal to the energy stored in its elastic potential energy store.

3)

For a linear relationship, the energy in the elastic potential energy store

(and so the work done) can be found using:

Energy transferred
in stretching (J)

Extensi

Spring constant (N/m)

on? (m?)

Time to spring into action and learn all this...

Remember that you can only use the gradient to find the spring constant if the graph is linear (a straight line).

QI A spring with a spring constant of 40 N/m extends elastically by 2.5 cm.
, Calculate the amount of energy stored in its elastic potential energy store.

[2 marks]
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Fluid Pressure

Hopefully reading this page will make you feel a little less pressured about your physics exam.

Pressure is the Force per Unit Area

1) Pressure is the force per unit area.
The following equation can be used for solids, liquids and gases:

Force normal to
a surface (N)

Area of that surface (m?)

MULLEL U O g g,
The soles of high-heeled shoes have a small area,
s0 they exert a large pressure on the ground,
which can damage some types of flooring,

The soles of snowshoes have very large areas,
which ‘spread out your weight (the force) and

stop you sinking into snow as you walk,
R R AN AR R NN NN R RRNRT)
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Pressure in
pascals (Pa)

,

2) Gases and liquids are both fluids (their particles are free o move, or 'flow').
3) Fluid pressure is the pressure caused by the collisions of gas or liquid particles on a given surface.

4) Fluid pressure always exerts a force at right angles (normal) to any surface in contact with
the fluid (p.98). As the area of this surface increases, the pressure exerted decreases.

5) The pressure exerted by a fluid depends on the area the force is being exerted on, the
properties of the fluid and the surrounding atmospheric pressure (see next page).

Fluid Pressure Depends on Depth and Density '

1) Densﬂg can be thought of as a measure of the 'c ompacfnes of a substance, i.e. how close
together the particles in a substance are. For a given liquid, the density is uniform (the same
everywhere) and it doesn't vary with ghape or gize. The density of a gas can vary though.
2) Assuming their particles have the same mass, a denser fluid has more particles in
a certain space than a less dense one. This means there are more particles that
are able to collide so the pressure is higher at a given depth in the denser fluid.
3) As the depth of a fluid increases, the number of particles above that
point increases. The weight of these particles adds to the pressure
felt at that point, so fluid pressure increases with depth.
4) You can calculate the pressure due to the column of liquid above a certain depth using:

Height of the column (the depth) in m

Pressure due to a column

of liquid (Pa) Gravitational field strength (N/kg)

Density of the liquid (kg/m?®) (the symbol is the Greek letter ‘rho’)

m Calculate the change in pressure between a point 20 m below the surface of water
: ; 3

and a point 40 m below the surface. The density of water is 1000 kg/m’.
The gravitational field strength of the Earth is 10 N/kg.

1) Calculate the pressure caused by the P = hpg = 20 x 1000 = 10

QDrrrvrbvrrvvrbvvbveev i prnv e
water at a depth of 20 m. = 200 00O Pa —  Check your answer makes sense E
2) Do the same for a depth of 40 m. P=hpg=40 x 1000 x 10 3 you canft gt negative pressure). =
3) Take away the pressure at 20 m =400 000 Pa
from the pressure at 40 m. 400 000 - 200 000 = 200 000 Pa (200 kPa)

So a gas is a fluid — next they’ll be telling me custard is a solid...
Have another read through and make sure you can explain how pressure changes with depth.

Ql Calculate the force exerted on a 10 m? area by a pressure of 200 kPa. [2 marks]

Q2 At a point 5 cm below the surface of a jug of olive oil, the pressure is 450 Pa.
Calculate the density of olive oil. The gravitational field strength of Earth is 10 N/kg. [2 marks]
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Upthrust and Atmosphenc Pressure 1

Fluid pressure can explain why poia’roes smk and apples float. Because you've been dgmg to know...

[ . o o 5 Pressure Spoon displaces this
. Objects in Fluids Experience Upthrust | much water.
1) When an object is submerged in a fluid (either partially or completely),
the pressure of the fluid exerts a force on it from every direction.
2) Pressure increases with depth, so the force exerted on the bottom
of the object is larger than the force acting on the top of the object. Upthrust is equaJ
3) This causes a resultant force (p.67) upwards, known as upthrust. Press“re toat:zu‘:‘;'i?twii‘s
4) The upthrust is equal to the weight of fluid that has been displaced by the object

(e.g. the upthrust on an old boot in water is equal to the weight of a boot-shaped volume of water).

An Object Floats if its Weight = Upthrust

1)

2)
3)
4)

5)
6)

This much water

If the upthrust on an objecf is equal to the object's weight, then the forces balance and the object floats.

If an object's weight is more than the upthrust, the object sinks.
This means that whether or not an object will float depends on its density.
An object that is less dense than the fluid it is placed in digplaces (pushes out of

the way) a volume of fluid that is equal to its weight before it is completely submerged.
At this point, the object's weight is equal to the upthrust, so the object floats. S

An object that is denser than the fluid it is placed in is unable to displace enough fluid to equal
its weight. This means that its weight is always larger than the upthrust, so it sinks.

This much water weighs G Hifiborpan

weighs the same The apple has less than a potato never displace a
as the whole apple displaced a volume (because the potato volurrie 0? water
(because the apple is of water equal to its is denser than water).

less dense than water).

equal to its weight

weight so it floats. so it sinks.

Bubmarines make use of upthrust. To sink, large tanks are filled with water to increase the
weight of the submarine so that it is more than the upthrust. To rise to the surface, the
tanks are filled with compressed air to reduce the weight so that it's less than the upthrust.

Atmospheric Pressure Decreases with Height

high

1)
2)

3)

4)

5)

= High atmospheric
pressure

The atmosphere is a layer of air that surrounds Earth.
It is thin compared to the size of the Earth.

Atmospheric pressure is created on a surface
by air molecules colliding with the surface.

As the altitude (height above Earth) increases,

atmospheric pressure decreases — as shown on the graph.
The graph is curved because atmospheric pressure is affected ! ,

by the density of the atmosphere, which also varies with height. ~ ** " elevation really high up

As the altitude increases, the atmosphere gets less dense, so there
are fewer air molecules that are able to collide with the surface.

Low atmospheric
pressure s
-t

atmospheric pressure
t h

S
3

v

There are also fewer air molecules above a surface as the height increases. This means that the
weight of the air above it, which contributes to atmospheric pressure, decreases with altitude.

Next time you’re feeling pressured, go on a hike...

Atmospheric pressure and liquid pressure are similar — but the density of the atmosphere changes (unlike liquids).

Ql

Explam why a wooden object (p = 700 kg/m?) floats in water (p = 1000 kg/m?). [3 marks]
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Revision Questions for Section 7

And you've reached the end of Section 7, woohoo — time to give your old grey matter a work out.
* Try these questions and tick off each one when you get it right.
* When you've done all the guestions for a topic and are completely happy with it, fick off the topic.

Density and the Kinetic Theory of Matter (p.93-96) [ |

1) What is the formula for density? What are the units of density?
2) Briefly describe an experiment to find the density of a liquid.

3) For each state of matter, describe the arrangement of the particles.
4) ls a change of state a physical change or a chemical change?

5) Name five changes of state.

6) True or false? Mass stays the same when a substance changes state.
7) Define specific heat capacity.

8) Define specific latent heat. Give a formula for specific latent heat.

Gas Pressure (p.97-98) D

9) Define gas pressure for a sealed container.

10) What happens to the pressure of a gas in a sealed container of fixed volume when it is heated?
Explain why this happens.

1) What is the relationship between pressure and volume at a constant temperature?
12) What is absolute zero? What value does it have in kelvin?

13) Describe how a change in external pressure can lead to a change in the volume of
a gas in a sealed container.

14) True or false? Doing work on a gas can cause an increase in its temperature.

Stretching, Compressing and Bending (p.99-100) |:|

15) Explain why you need more than one force acting on an object to cause it to stretch.

16) What is the difference between an elastic and an inelastic distortion?

17) Give the equation that relates force, extension and the spring constant of an object.

18) How do you find the spring constant from a linear force-extension graph?

19) What is the limit of proportionality?

20) Draw a typical force-extension graph for an elastic object being stretched past its elastic limit.

21) Give the equation used to find the energy transferred in stretching an object.

Pressure and Upthrust (p.101-102) |:|

22) Define pressure and state the equation linking pressure, force and area.
23) True or false? Gases are fluids.

24) Explain how the pressure in a liquid varies with the density of the liquid.
25) True or false? Pressure in a liquid decreases with depth.

26) Give the equation for calculating the pressure due to a column of liquid.
27) Explain the cause of upthrust.

28) In what conditions will an object float?

29) What is atmospheric pressure?

(O0O0O0O0000 . 0000000 00 000 O OoOddddod

30) True or false? Atmospheric pressure decreases as altitude increases.
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