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Density

• Density: is the Measure of compactness which is 
calculated as mass per unit volume.

• In other words, density is a measure of how much 
mass occupies a given space. It is the amount of 
matter per unit volume. That is:

Density =
Mass
Volume

𝜌 =
𝑚
𝑉

• Units of density
• grams per cubic centimeter (g/cm3 ) → non SI-units but common
• kilograms per cubic meter (kg/m3 ) → the SI-units

• Note that 1 g/cm3 = 1000 kg/m3

Density how much mass occupied

rot how much spaceoccupied

calculatingbydetermining
volume

calculatingmass

400



Density

• Densities of some 
materials



Density

• Weight density
Weight Density =

Weight
Volume

• This quantity is commonly used when discussing liquid 
pressure.

• Units of wight density
• kilograms per cubic meter (N/𝑚3 ) → the SI-units

Density YES 111ms

onlymeasured through
SI units



Density

The density of 1 kilogram of iron is
A. less on the Moon.
B. the same on the Moon. 
C. greater on the Moon.
D. All of the above.



Density

The density of 1 kilogram of iron is
A. less on the Moon.
B. the same on the Moon. 
C. greater on the Moon.
D. All of the above.

Explanation:
Both mass and volume of 1 kilogram of iron is the 
same everywhere, so density is the same 
everywhere.



Density

• The density of 2 kg of water = the density of 10 kg of 
water 

– because the ratio of mass to volume of a certain material is 
constant

• The density of an entire candy bar = the density of 
half candy bar

• The density of 3 kg Lead > the density of 150 kg of 
Aluminum

– Density depends on the material itself, not on how much of 
martials you compare  

mass volumearedirectlyproportional



Density

• What happens to the volume of a loaf 
of bread when it is squeezed ? what 
happens to the mass? What happens 
to the density?
• when squeezing the bread, the 

volume will be reduced and the 
mass will stay the same, so the 
density will increase

mass same

Yeastyreduced volume less



Notes on unit conversion

• 1 kg = 1000 g
• 1 m = 100 cm
• 1 m3 = 106 cm3

• The conversion from g/cm3 to kg/m3 (or the other way 
around) is done in steps:

• 1 kg
m3 = 1 kg

m3 ×
1000g
1 kg

× 1m3

106cm3

• Therefore:

• 1 kg
m3 =

1
1000

g
cm3

• 1 g
cm3 = 1000 kg

m3

Conversion factor 
for kg 

conversion factor 
for 𝒎𝟑

102cm
I m 100am thus 1m 07 em

06
cm

1000

1000



Examples

• Calculate the density of an object that weighs 30 N and 
has a volume of 100 cm3

(Hint: check the units if they are SI-units or not, carry conversion if needed)

• Calculate the mass of an object that has a volume of 
3000 cm3 and density of 1000 kg/m3

weight

v 1 10g 0
6 10 4m 104m

weightdensity ms
3 105 1ms

mEPoÉExD 1000193 3kg

Kg 1
3000,1

3 380 10 3 10 3m

53



Pressure

• Pressure: Force per unit area

Pressure =
Force
Area

𝑃 =
𝐹
𝐴

Units: N/m2 = Pascal (Pa)

• Although the weight of both books 
is the same, the upright book exerts 
greater pressure against the table. 

note the pressure is a scalar quantity A Pb
magnitude without a direction

Ab PT

in

less area more area

more pressure less pressure

P I 2
Pa

less area

less area



A brick of man 3kg has its dimensions
305Mt 10cm 5cm A m

m Mt M

iEÉÉ to axiom
1cm 10 me

1
a calculate the

rea will beD I calculated

A 5cm 10cm 50cm Pressurgtea
1 w inaisonship

SOX 10 4m 5 10 3m a max pressure

minFrea
Of dLxW

A m m 0.05 0.1
Mx a 5 10 3m

P I 30 N

xm̅im



b calculate minimum pressure

Lea is max

inversely proportional Pressure Iffto pressure
30 10 300cm

300cm 10 4m

pressure

m me 1000Pa
OR

88 0.3m

0 03 0 01

8 1000Pa 0 5m
A

131 1000



An Elephant of mass 5500kg is standing onhis
legs Each leg natanarea of 275cmL

Find the pressure exerted by the elephant on the
ground if

a standing on four legs
1 CM 10 mpressure Feat

550002
4 2 75cm
4 275 10 m 0.11m Area

5500 mass in leg 10 to form this value into Nonto
5500 10 55000N

calculate pressure based on the results

55000 500000 5 105 Pa
o 11

b standing on two legs
pressure F
2 3775 70 um 0 055m Area

85 1 19 18 10 to form this value intoNorton p f
calculate pressure based on the results

85899 1000000 1 106 Pa



Deriving formula of pressure due to liquidpxhxg
D P
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Pressure in a liquid

Liquid Pressure:
• Force per unit area that a liquid exerts on something
• Liquid pressure is caused by the weight of the liquid above

Liquid pressure = density × accleration of gravity × depth
= weight density × depth

Liquid pressure = 𝜌𝑔ℎ
ℎ: depth
𝑔: acceleration of gravity = 10

m
s2

𝜌: density

• Liquid pressure depends on the density of the liquid and the 
depth in the liquid. It does not depend on the surface area.

F A

Wdensity



Liquid Pressure

• The force of gravity acting 
on the water in a tall 
tower produces pressure 
in pipes below that supply 
many homes with reliable 
water pressure.

weight 30N 3kgx 0m s
volume 100cm
100 0 0m

p me

a WEE m



Liquid Pressure

• Pressure increases with depth in 
the liquid

• When liquid presses against any 
surface, its net force is directed 
perpendicular to the surface.



Liquid Pressure

• Liquid pressure on a certain point is exerted equally in all 
directions, not only downward

• Examples: 
• your ears feel the same amount of pressure under water no 

matter how you tip your head
• bottom of a boat is pushed upward by water pressure
• pressure acts upward when pushing a beach ball under water

to



Example

• Which exerts more pressure on a dam: a 3 meter deep 
lake or a 6 meter deep small pond? W

T
Saisnegligble

Pave to liquid g im

d 6



Example

• A rectangular swimming pool of length 40 m and width 
20 m is 3 m deep and filled with oil of density 0.6 g/cm3, 
what is the pressure at the bottom of the pool?

d 0
61,3 1000 6009g

600 10 3
h 6000 3 18000 Pa

x x
up

Density 0.6 1000 60019 Pail

Poil 600 9 x g x h 600 9 10 3m

Poil Pail 180000g

6000 3

4
1 5 2.52



Examples

• Find the water pressure at the bottom of the 50 meter water tower 
given that the weight density for water is 9800 N/m3.  

• A 1.5 m thick layer of oil floats above the surface of a swimming 
pool. What is the liquid pressure 4 m deep? Given that the density of 
water is 1000 kg/m3 and the density of oil is 600 kg/m3. (34 kPa)

I
2 5 10 1000

VERYIMPORTANT
EXERCISTERED ph

25 1000
25000Pa

weight der
Pw Leth 9,800

50 59 10 N p 9
or 980 10 50 490,000 Pa 4 9 105 Pa

PITT Piwatt t

1.5 10 600

Pliquid Poiixgxhoiltpwxgxhwa.to 1.5 6000

Pliquid 600 10 1.5 1000 10 2.5 34,000Pa

4 1.5 2.5m
Pwater Poil P liquid

34k Pa

Poil 600 191m

QUIZ 2 content Pwate 1000191m



hoil 1 5mExtra Exercise
hwater 4 1.5 2.5m

1 calculate the depth of water where the
pressure due to water is 150k Pa
FuidpGh depth

density gravity
Pw 1159

Pliquid p cloth

1501Pa p 10th
0 1 1000

1 000 8481 193 100089
15000 P n 15m m

1000 15
100069m density

b
150hPa 150000Pa
1000 pressure

pressure 2.5 kPa Pliquid p 9th
1000 2500Pa 150,000 1000 10 th

depth 12.5m 840
pressure pgh
2500 p 10112 5

h 15m

27 14 1 p 20km



Buoyancy in Liquids 

• Buoyancy: is the apparent loss in 
weight of submerged objects.
• It is easier to lift a boulder in 

water than out of water

• Buoyancy exists because the 
pressure against the bottom of 
the object is greater since it is 
deeper. There is a net upward 
force which is called the buoyant 
force.

volume of displaced
submerged immersed

volume
hushi
PrJP

TI
high

Pressure quia pgh density
more Noat

I Fr JF FBouyant Force

Fupthrust foreis



V
displaced

V immersed submerged object
liquid
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Buoyancy in Liquids 

• The buoyant force is an upward force exerted by a fluid, 
that opposes the weight of an immersed object

Buoyant force

weight

upwards



Buoyancy in Liquids 

• If the buoyant force is less than the 
weight of the object it will sink
(completely submerged)

• If it is equals to its weight, the object 
will remain at any level (also 
submerged)

• If the buoyant force is grater than the 
weight of the completely submerged 
objects,  it will float (it becomes 
partially submerged)

But how much is the buoyant force?

𝐹𝑏𝑢𝑜𝑦𝑎𝑛𝑡

Weight

I



Archimedes' Principle 

• Archimedes' Principle: An immersed object is buoyed 
up by a force that is equal to the weight of the fluid it 
displaces
• immersed means partially or completely submerged

Fbuoyant = weight of displaced fluid
• This applies to any object in a fluid (liquids and gases), 

partially or completely submerged.o



Archimedes' Principle

• How much fluid is displaced? What is displaced fluid?

• How much liquid is displaced?
• A completely submerged object displaces a volume 

of liquid equal to its own volume. (This ca be used for 
determining the volume of irregularly shaped objects)



Archimedes' Principle 

Completely submerged objects:
• When the density of the object is greater than the density of 

the liquid it is completely submerged in the liquid. 
• The volume of the displaced liquid equals the volume of the 

immersed body.
• The weight of the object in liquid equals its weight outside 

water reduced by the buoyant force.
Weight in liquid = weight out of liquid – buoyant force

Weight in liquid = weight out of liquid – weight of displaced liquid
• Weight in liquid is also called the apparent weight. 
• The weight of object outside of liquid is the actual weight = 

mg)

Pliquid Pobject partiallysubmerged

Pobject Piquid completelysubmerged

Viisplaced Vimmesed

To
Wapparent mg whereas Nactual mg



Example

• The weight of the block in water is less than outside. 
• The loss in its weight in water equals the buoyant force, 

which equals the weight of the displaced water (= 2 N)

y
realweight

w Wr SN

go.SNWapparent
weight in
liquid 4.5N

Fbouyant o.SN

WgI

4.5N apparentweight

0.5N V0

ofdisplaced



liquid

RECAP

displaced liquid immersed submerged obj

W displaced liquid For
displaced liq

FB PL Vimmered 9
FB PL immersed15 9
IN them dm I miss

mass g W N

Ep m x 9

Ex vimmered
FB Wreacinair

W ntin liquid

a Mo P o x Vo
Mo 3000 0.05

150kg

b w mtg 150 10 1500N



Example

An object of volume 0.05 m3 and density 3 g/cm3 is immersed in 
water of density 1 g/cm3, find:
• The mass of the object

Mass = density x volume = (3x1000)x0.05=150 kg
• The weight of the object

W= mg =150x10=1500 N
• The volume of the displaced water

Volume of displaced water = volume of the object = 0.05 m3

• The mass of the displaced water
Mass = density x volume = (1 x 1000) x 0.05 = 50 kg

• The weight of the displaced water
W=mg = 50 x 10 = 500 N

39km 1000

3000 9

9 cm 1000 3 085

vaisplaced object
30 7 5

50kg
FB

PÉY9
m P XV



Example

An object of volume 0.05 m3 and density 3 g/cm3 is immersed in 
water of density 1 g/cm3, find:
• The mass of the object

Mass = density x volume = (3x1000)x0.05=150 kg
• The weight of the object

W= mg =150x10=1500 N
• The volume of the displaced water

Volume of displaced water = volume of the object = 0.05 m3

• The mass of the displaced water
Mass = density x volume = (1 x 1000) x 0.05 = 50 kg

• The weight of the displaced water
W=mg = 50 x 10 = 500 N

3090 of 150kg



Wdisplacedliquid FB 50 10 500

FB PL x Vimisob 9
w mxg
W
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• Why the object sinks?
It sinks because the weight of displaced water for the fully 
submerged object is less than the weight of the object. In other 
words, the density of the object is higher than the density of water.

• Find the buoyant force on the object
The buoyant force = weight of the displaced water = 500 N

• Find the weight of the object inside water
weight inside water =  weight outside – buoyant force 

= 1500 – 500 = 1000 N 

Example continued ..

FB Wdisplaced 500N

Wreal Wdisplaced Wliquid



Archimedes' Principle 

Partially submerged objects (floating objects):
• When the density of the object is less than the density of the 

liquid it floats (partially submerged)
• The volume of the displaced liquid equals the volume of the 

submerged part of the object.
• Principle of floatation: A floating object displaces a weight of 

fluid equal to its own weight
Buoyant force = weight of displaced fluid = weight of the object            

• Weight of the object inside liquid is Zero.

apparentweight



Archimedes' Principle 

• How can an iron ship float?

• An iron block sinks, but the 
same quantity of iron floats 
when shaped like a bowl. Why?
• Hint: think about the volume 

& weight of the displaced 
water in the two cases.

More load → heavier → more displaced water → more buoyant force

more volumeimmersed more Bouyance tone



Archimedes' Principle 

• An unloaded ship (left) versus the same ship when it is 
loaded (right). Note that the loaded ship experience 
more buoyant force because more water is displaced 
(larger volume is under water)



The tip of the iceberg

The density of ice is about 90% the density of water. Hence, 90% of the 
iceberg is submerged, so that the weight of the displaced water is the 
same as the weight of the iceberg

FB FB W footing

t



Examples

• What weight of water is displaced by a 100000 kg floating ship? 
What is the buoyant force acting  on this ship?

• A 3 kg object placed in water displaces 1.2 kg of water. 
a) What is the buoyant force on this object

b) What is the apparent weight of the object

c) Does the object sink or float? Why?

FB PL Vimisebts

Woj Froyant equilibrium to soap

liquid FBouyantm

FB Vub xg 100,000 10 1,000,000N
106N

Fp Wdisplaced

FBEY g 1.2kg 10ms
1 2 10 12N FB Waisplacedliquid

Wair Waisplacedwater 3 0 12 18N
FB 18N

FB 12N Wobj Waisplaced

Wobj 30N sinks Wobj 30N



Examples

• A piece of wood of volume 2000 cm3 and density 0.4 g/cm3 is 
floating  in water of density 1 g/cm3. 

a) What is the volume of the part of wood under water?
Weight of displaced water = weight of wood
Mass of wood = volume x density = 2000 x 0.4 = 800 g = 0.8 kg
Weight of wood = mg = 0.8 x 10 = 8 N = Weight of displaced water 
Mass of displaced water = 8/10 = 0.8 kg = 800 g
Volume of displaced water = mass / density = 800/1 = 800 cm3

Volume the immersed part of wood = 800 cm3

OR 𝜌wood𝑉wood 𝑔 = 𝜌water𝑉water 𝑔 ⇒ 𝑉water= 𝑉wood (𝜌wood/𝜌water)

b) What is the volume of the part of wood above water? 
Volume of the part of wood above water = 2000-800=1200 cm3

2000cm WdispledWwood

density rollgven't Vj pop
massoby mastoid

Pwater 2000 0.4

find missingvalues

2000 0.4
8008.8kg

Tale Vobject below Vabove



Atmospheric Pressure

• Atmospheric 
pressure is 
caused by the 
weight of air 
above us.

due to the weightof
air

the moreyouabove me a climb up the
lower the
atmosphericpressure
isexerted



Atmospheric Pressure

• The average atmospheric pressure at 
sea level is 101.325 kPa

• The standard atmosphere, 
abbreviated atm, is another unit of 
pressure equals to the average 
atmospheric pressure at sea level.  
• 1 atm = 101325 Pa 

• Why doesn’t the pressure of the 
atmosphere break windows?



Atmospheric Pressure: Barometers 

• The barometer is used for measuring 
atmospheric pressure.

• It can be created by filling a tube of mercury 
and tipping it upside down in a dish of 
mercury. 

• The barometer will balance when the weight 
of the liquid in the tube produces the same 
pressure as the atmosphere outside. At sea 
level this will be a 76 cm high column of 
mercury

• What happens in a barometer is similar to 
what happens when you drink through a 
straw.

• cmHg or mmHg are also used as a units of 
pressure
1 atm = 76 cmHg = 101.325 kPa 

silversubstance

or

PHg 13600 K Pano 1000 3



Atmospheric Pressure: Barometers 

• Water could be used instead of Hg in the barometer but in this case 
the glass tube would be 13.6 times as long (10.3 m) which is not 
practical.
• As a result, there is a 10.3 m limit on the height to which water 

can be lifted with vacuum pumps.

• Exercise: Check that a column of 10.3 m of water produces the 
same pressure as 76 cm of mercury, and this is equal to the 
atmospheric pressure at sea level. (Use the internet to find the 
density of Mercury and Water).

PatmPag 9May
ÉTÉ

0
83 20

131000 10 0 76Pano 11000113
103000 pa 103,360Pa

I am 10 2m 1034Pa



Pascal’s Principle

• Pascal’s Principle: A change in 
pressure at any point in an 
enclosed fluid at rest is 
transmitted to all points in the 
fluid.

OR hydraulic press jack

F
Az

PA PB same liquid t.pt
samepressurg
same level Fr



Pascal’s Principle

• Application: The lift piston (hydraulic 
press/hydraulic jack)

• Pressure applied to the left piston is 
transmitted to the right piston

• A 10-kg load on small piston (left) lifts 
a load of 500 kg on large piston (right) 

• According to pascal principle, since 
P1 = P2

F1
A1

= F2
A2

f It
10

190 558
Fr 5000N 100 100



Pascal’s Principle

• By increasing the area of the 
large piston or decreasing the 
area of the small piston, we can 
multiply force.

• This piston does not violate 
energy conservation because a 
decrease in the distance moved 
compensates for the increase in 
force. 



Pascal’s Principle

The hydraulic jack



Example

• If the mass on the left piston = 10 kg and its area is 1 m2, and the 
area of the right piston= 50 m2. Find the force created on the right 
piston.

• Note that the area of the right piston is 50 times the area of the left 
piston, which increased the force 50 times, because the pressure is 
the same on both pistons.

US



Example

• The small piston of the hydraulic piston has a diameter of 2 
cm and the large piston has a diameter of 6 cm. if a 15 N 
force is applied to the small piston, what is the force exerted 
by the large piston?
Area of a circular piston = πr2

Radius of the small piston = 2/2 = 1 cm = 0.01 m
Radius of the large piston = 6/2 = 3 cm = 0.03 m
F1/A1 = F2/A2

15/(π (0.01)2) = F2 / (π (0.03)2 )
F2 = 135 N 

ER Diameter 2radius

DE
Area JTR 2

It

If



For Toss

EF F.ms

D 212

D I
2

A TV



Xtra Exercise
A smallpistonof diameter 10cm and a force applied to it is 50N
If a force of 250 N is applied on largerpiston what is its radius

50 Jr 250 1725

II GET

11 12ft
V2 125
r r

r ME
11 18 cm


