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Density ;,

Your notes

Density

= Density is the mass per unit volume of an object
= Objects made from low-density materials typically have a lower mass

= Forexample, aballoonisless dense than a small bar of lead despite occupying a
largervolume

= The units of density depend on the units used for mass and volume:
= If the massis measuredin g andvolumeincm?, then the density willbe ing / cm?®

» [fthe massis measuredin kg andvolume in m3, then the density will be inkg / m®

o MASS (kg)

DENSITY (kgm‘aﬁ) o VOLUME (m?)

:

LESS DENSE MORE DENSE

Gases are less dense than a solid

= Thevolume of an object may not always be given directly, but can be calculated with the
appropriate equation depending on the object’s shape
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SPHERE: %j‘[ra Your notes
I
: d
CUBE: d° v
ﬁwﬂd
CYLINDER: JTr2 x| 1

Volumes of common 3D shapes

o

Worked Example
Apaving slab has a mass of 73 kg and dimensions 40 mm x 500 mm x 850 mm.

Calculate the density, in kg m-3 of the material from which the paving slab is made.

73 kg $ 40 mm

850 mm

Answer:
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STEP 1 EQUATION FOR DENSITY ,

_M Your notes
P=v

STEP 2 CALCULATE THE VOLUME

V = 40 mm * 500 mm * 850 mm = 1.7 x 10" mm®

STEP 3 CONVERT mm3 TO m3
1mm =0.001m=1x10"m
1 mm? = (0.0010°m? = (4 x 1072 m? = 1x107° m?

V=47 x10"x 1 x107° =17 x 10 m

STEP 4 SUBSTITUTE MASS AND VOLUME INTO DENSITY EQUATION

73kg
= ———— = 4300 kgm=® (2s.f)
17 %1072 3

=

Examiner Tips and Tricks

= When converting alarger unit to a smaller one, you multiply (x)

= E.g.125m=125x100=12500cm
= Whenyou convert a smaller unit to alarger one, you divide (+)

» E.g.59=5/1000=0.0050r5x10"%kg
= When dealing with squared or cubic conversions, cube or square the conversion
factortoo

» E.g.1Tmm3=1/(1000)°>=1x10"7m?3
* E.g.1cm®=1/(100)3=1x10"°m?
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Upthrust ,

Your notes

Upthrust

Archimedes' Principle
= Archimedes’ principle states:

An object submerged in a fluid at rest has an upward buoyancy force (upthrust) equal
to the weight of the fluid displaced by the object

= The object sinks until the weight of the fluid displaced is equal to its own weight

= Therefore the object floats when the magnitude of the upthrust equals the weight of
the object

= The magnitude of upthrust can be calculatedin steps by:

= Findthe volume of the submerged object, whichis also the volume of the displaced
fluid

= Findthe weight of the displaced fluid

= Sincem=pV(density x volume), upthrust is equal to F = mg which is the weight of the
fluid displaced by the object

= Archimedes’ Principle explains how ships float:

WEIGHT (EQUAL TO
BUOYANCY FORCE)

DISPLACED
WATER

BUOYANCY FORCE
(EQUAL TO THE WEIGHT)

MASS OF DISPLACED WATER = MASS OF BOAT SUBMERGED

Copyright © Save My Exams. All Rights Reserved
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Boats float because they displace an amount of water that is equal to their weight ,

o

Worked Example

Your notes

Atmospheric pressure at sealevel has avalue of 100 kPa. The density of sea wateris
1020 kgm=3,

At what depthin the sea would the total pressure be 250 kPa?
A.20m

B.9.5m

C.18m

D.15m

ANSWER: D

STEP 1| THE TOTAL _ HYDROSTATIC , ATMOSPHERIC
PRESSURE ~ PRESSURE PRESSURE

250 x10° = pgh +100 = 10°

250 x 10° = 1020 x 9.81 x h + 100 x 10’

1]

STEP 2 REARRANGING FOR HEIGHT h

_ 250x10°- 100 x10° _
1020 * 9.81

15 m

o

Worked Example

Icebergs typically float with alarge volume of ice beneath the water. Ice has a density
of 917 kgm-3 and a volume of V;.

The density of seawater is 1020 kg m=3.What fraction of the iceberg is above the
water?

A.0.10V,
B.0.90V,
C.0.97V,

D.0.20V,
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ANSWER: A ,

Your notes

STEP 1 ACCORDING TO ARCHIMEDES’ PRINCIPLE, THE UPTHRUST IS EQUAL
TO THE WEIGHT OF THE SEAWATER DISPLACED BY THE ICEBERG

ICEBERG WEIGHT W;=mg

BUOYANCY FORCE IS THE W, = myg
WEIGHT OF THE DISPLACED WATER

STEP 2 SINCE THE ICEBERG IS FLOATING, ITS WEIGHT IS EXACTLY
EQUAL TO THE BUOYANCY FORCE

W =W,

mig = myg

STEP 3 REARRANGE DENSITY EQUATION FOR MASS
m= JJ\/

PVi9 = puMug

STEP 4 CANCELLING g SHOWS THE FRACTION OF ICE UNDERWATER
IS GIVEN BY RATIO OF DENSITIES

M P
% P
STEP 5 REARRANGE FOR 'V,
M
Vi = L
‘wa
VLAY
1020

STEP 6 THEREFORE 90% OF THE ICEBERG'S VOLUME IS
SUBMERGED UNDERWATER

THIS MEANS THAT 1-0.9=01V, IS ABOVE WATER

©

Examiner Tips and Tricks
Don't get confused by the two step process to find upthrust.

= Step1: Youneed the volume of the submerged object, but only because you
want to know how much fluid was displaced
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= Step 2: What youreally want to know is the weight of the displaced fluid. ,

A couple of familiar equations will help;
Your notes
= m=pVtogetmass(andthat'stheVfromstep1outof the way),

then

= W=mgtogetweight
If you are feeling particularly mathematical, you can combine your equations, so that
W=pVvg
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Viscous Drag /

Your notes

Stoke's Law

Viscous drag
= Viscousdragisdefined as:

The frictional force between an object and a fluid which opposes the motion between the
object and the fluid

= Theviscous drag onasmall sphere can be calculated using Stokes’ law:
F = 6nnrv
= Where
= F=viscousdragforce(N)
u n=coefﬁcientofviscosityoftheﬂuid(Nsm-zorPas)
= r=radius of the object(m)
= v=velocity of the object(ms™)
= Theviscosity of a fluid can be thought of asits thickness, orhow muchit resists flowing

= Fluids with low viscosity are easy to pour, while those with high viscosity are
difficult to pour

= The coefficient of viscosity is a property of the fluid (at a given temperature) that
indicates how much it will resist flow

= Therate of flow of a fluid is inversely proportional to the coefficient of viscosity

Terminal velocity of a sphere in a fluid

= Whenan object falls through a fluid (e.g. a skydiver falling through the air), itreaches
terminal velocity

1’ SaveMyExams © 2026 Save My Exams, Ltd.  Get more and ace your exams at savemyexams.com


https://www.savemyexams.com/?utm_source=pdf

= This occurs when the weight of the object balances with the upthrust and the viscous ,

dragforce
Your notes
weight = upthrust + viscous drag

W=UH+F,

Forces acting on a sphere falling through a fluid

F,(VISCOUS DRAG)

U (UPTHRUST)

@) W = (F,+ U)

W = (WEIGHT)

At terminal velocity, the forces on the sphere are balanced: W (downwards) = Fg+ U
(upwards)

= Considerasmall, solid sphere of radius I' moving slowly at terminal velocity through a

fluid of viscosity 7
» Theupthrust U onthe sphereis equal to the weight of the fluid displaced

W =W, +oémnv,

N

mg

+
S mfg 6Ttnrvterm
= Where

u mS =mass of the sphere (kg)

u mf =mass of the fluid displaced (kg)

= g =accelerationdue to gravity (m s72)

=V =terminal velocity of the sphere (ms)
term

= Using the density equation, the mass ms of the sphereis given by:
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1, SaveMyExams

4
= = —13
m_ pSV 31'trps

Where:
u ps =density of the sphere (kg m~3)

The volume of displaced fluid is the same as the volume of the sphere

Therefore, the mass mf of displaced fluid is given by:

4
= = —13
m, pr 3‘1Trpf

Where:

] pfz density of the fluid (kg m~3)

Substituting the expressions for mass backinto the original equation:
{4 3 4 3 W 6
- =|—= +
\3 mr pS}g \3 mr pf/g v,

Rearrange to make terminal velocity the subject of the equation

4
6T[nrvterm - gnﬁg(ps_pf)

4
3 gy

Vv
term 61'[771~

21T1‘3g(ps—pf)

Vv
term 9‘]‘[7]1‘

Finally, cancel out rfrom the top and bottom to find an expression for terminal velocity in

terms of the radius of the sphere and the coefficient of viscosity

22elp,p)
Vterm B 9 n

= This final equation shows that terminal velocity is:

= directly proportional to the square of the radius of the sphere

= inversely proportional to the viscosity of the fluid

Understanding Viscosity & Stoke's Law

Conditions for Stoke’s Law Equation

4

Your notes
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= Theequation canonly be used when certain conditions are met:

= The flowislaminar
= The objectissmall

= The objectis spherical

= Motionbetween the sphere and the fluid is at a slow speed

O
)

SMALL

SPHERICAL

SLOW SPEED

(& ONLY LAMINAR FLOW)

Laminar flow and turbulent flow

= Asanobject moves through a fluid, or a fluid moves around an object, layers in the fluid

are created

= |Inlaminar flow, all the layers are moving in the same direction, and they do not mix

= Thistendsto happen for slow-moving objects or slow-flowing liquids

= Theequationabove only applies to laminar flow

= |nturbulent flow, the layers move in different directions, and the layers do mix

LAYERS MOVE IN SAME
DIRECTION AND DO NOT MIX

LAYERS MOVE IN DIFFERENT
DIRECTION AND DO MIX

/\
==
~

| LAMINAR FLOW \

Changing viscosity

= Viscosity is temperature-dependent

O

| TURBULENT FLOW

= Liquids arelessviscous as the temperature increases
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Your notes
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= Gases get more viscous as the temperature increases ,

o

Worked Example

Your notes

Aball bearing of radius 5.0 mm falls at a constant speed of 0.030 ms~!through an oil
which has aviscosity of 0.3 Pas and a density of 900 kg m=3.

Determine the viscous drag acting on the ball bearing.
Answer:
Step 1: List the known quantities in Sl units

= Radius of the sphere, rs=5.0mm=5.0x103m
= Terminal velocity of the sphere,v=0.03ms"!
= Viscosityofoil,n=0.3Pas
= Density of oil, pr= 900 kg m-3
Step 2: Sketch a free-body diagram to resolve the forces at constant speed

Wstd+U

Step 3: Calculate the value for viscous drag, Fyq
Fg=6mnrv=6x1mx0.3x5.0x103x0.03=0.008482

Step 4: Write the complete answer to the correct significant figures and include
units

= Theviscousdrag, Fg=8.5x10"4N

o

Examiner Tips and Tricks

You may need to write out some or all of the derivation givenin the first part above.
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Itisreallyimportant to keep clear whetheryou are talking about the density of the ,

sphere or the fluid, and the mass of the sphere or the fluid.
Your notes
Practice using subscripts, and do try this at home. Itisn’t one to do for the first timein

anexam!

DISPLACED Pss DENSITY OF SPHERE
FLUID

W;, WEIGHT OF SPHERE

N

)

r,, RADIUS OF SPHERE ( v, =

W~

|
O Pf,DENS|TY OF FLUID

THE RADIUS OF THE SPHERE IS THE SAME
AS THE RADIUS OF THE DISPLACED FLUID

1’ SaveMyExams © 2026 Save My Exams, Ltd.  Get more and ace your exams at savemyexams.com 14


https://www.savemyexams.com/?utm_source=pdf

Core Practical 2: Investigating Viscosity

Core Practical 2: Investigating Viscosity
of a Liquid

Aim of the experiment

= By allowing small spherical objects of known weight to fall through a fluid until they reach
terminal velocity, the viscosity of the fluid can be calculated

Variables
= |Independentvariable: weight of ball bearing, W
= Dependentvariable: terminal velocity, Vierm

= Controlvariables: fluid being tested, temperature

Equipment List
= Longmeasuring cylinder
= Viscousliquid to be tested (thin oil of known density or washing up liquid)
= Standandclamp
= Metrerule
= Rubberbands
= Steelballbearings of different weights
= Digital scales
= Verniercalipers
= Digital stopwatch
= Magnet
Method
1. Weigh the balls, measure their radius using Vernier callipers and calculate their density

2.Place three rubberbands around the tube. The highest should be far enough below the
surface of the liquid to ensure the ballis travelling at terminal velocity when it reaches
this band. The remaining two bands should be 10 - 15 cm apart so that time can be
measured accurately

3.Release the ball and wait until it reaches the first rubber band. Start the timer at the first
band, then use the lap timer to find the time to fall djand also d»

1. Iflap timing is not available, two stopwatches operated by different people should
beused

4

Your notes
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2.If the ballis stillaccelerating as it passes the markers, they need to be moved ,

downwards until the ball has reached terminal velocity before passing the first mark
Your notes
4.Measure andrecord the distances d; (between the highest and middle rubber band) and

dp between the highest and lowest bands.

5.Repeat atleast three times for balls of this diameter and three times for each different
diameter

6.Ballbearings are removed from the bottom of the tube using the magnet against the
outside wall of the measuring cylinder

Analysis

= Terminal velocity is usedin this investigation since at terminal velocity the forcesineach
direction are balanced

Ws=Fgq+U(equationl)
= Where;
= W, =weight of the sphere
= fFy=thedragforce(N)
= U=upthrust(N)
= The weight of the sphere is found using volume, density and gravitational force
Ws =vgpsg

4
M/ = — 3 i
s 3 Tir: psg(equatlon 2)

= Where
u vs:volumeofthesphere(m3)
» ps=density of the sphere (kg m®)
= g=gravitational force (Nkg™)
= Recall Stoke’sLaw
Fg = 6TiNrvierm (equation 3)
= Upthrust equals the weight of the displaced fluid

= The volume of displaced fluid is the same as the volume of the sphere

= The weight of the fluid is found from volume, density and gravitational force as
above

4
U= ? 7T1‘3pfg (equation 4)

= Substitute equations 2, 3 and 4 into equation 1
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inﬂ = 6mnrv +i7'rr3 ,
psg n term 3 pfg

3 Your notes

= Rearrange to make viscosity the subject of the equation
4 3 4 3
3 P8 3P E = omrv,
3 —
4niglp.—p,)
=n
X
3 (67Trvtem2

2 —_
_2%2(p,~py
d 9v

term

Evaluating the Experiment
Systematic Errors:

= Rulermust be clamped vertically and close to the tube to avoid parallax errorsin
measurement

= Ballbearing must reach terminal velocity before the first marker
Random errors:

= Cylindermust have alarge diameter compared to the ball bearing to avoid the
possibility of turbulent flow

= Ball must fallin the centre of the tube to avoid pressure differences caused by being too
close to the wall which will affect the velocity

Safety Considerations

= Measuring cylinders are not stable and should be clamped into position at the top and
bottom

= Spillages will be slippery and must be cleaned up immediately

= Avoid getting fluidsin the eyes
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