Wave Properties
Inquiry question: What are the properties of all waves and wave motion?

1.1 Conduct a practical investigation involving the creation of mechanical waves in a
variety of situations in order to explain:
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1.1.1 The role of the medium in the propagation of mechanical waves

Mechanical waves - propagate through physical matter by the motion of the particles in the

matter itself. Eg longitudinal waves, transverse waves (sometimes) and surface waves

Medium required
Energy is transferred through kinetic movement of particles

Subiject to friction, air resistance and other forces that slow down the wave due to energy
loss.

1.1.2 The transfer of energy involved in the propagation of mechanical waves
Particles are displaced parallel to the
direction of energy transportation
When represented on a graph of
displaced/time, compressions are
crestes, rarefactions are troughs.

— direction of motion of wave
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——— direction of motion of particles

1.2 Conduct practical investigations to explain and analyse the differences between:

Type of wave Differences

1.2.1 Transverse

- particles displaced perpendicular to direction of energy transfer

1.2.1 Longitudinal

- particles displaced parallel to direction of energy transfer

1.2.2 Mechanical

- Medium required (air particles, atoms, ions, etc.)

1.2.2 Electromagnetic

- No medium required (magnetic and electric fields)
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1.3 Construct and/or interpret graphs of displacement as a function of time and as a

graphs to the following wave characteristics:

function of position of transverse and longitudinal waves, and relate the features of those

point in a second, measured in Hertz (Hz),
with symbol (f)

Definition Equation
v=fA
1.3.1 Velocity The product of the Wavelgngth and . f
frequency, measured in m/s Velocity (ms™) = Wavelength (m) x
Frequency (Hz)
1.3.2 How many waves (wavelengths) pass a
Frequency

f=

Frequency (Hz) = 1 + Period (s)

SR

1.3.3 Period

The time it takes to complete one cycle
(one wavelength), measured in seconds
(s), with symbol (T)

1
T =2

f

Period (s) = 1 + Frequency (Hz)

1.3.4
Wavelength

Distance between two crests or troughs,
measured in m, with the symbol ().
- In alongitudinal wave, distance

between two compressions/
rarefactions

1%
A=

f

Wavelength (m) = velocity (ms™?) +
frequency (Hz)

1.3.5
Displacement
and amplitude

The distance from the centre line (or still
point), measured in metres.
Maximum amount a particle can
move from its still position.
Vertical = amplitude
Horizontal = displacement

wavelength
A
crest

apnydwe

apnjdwe

trough

Wave number

The number of waves occurring over a

specific distance

Wavenumber(m™) =

2pi / wavelength (m)




1.4 Solve problems and/or make predictions by modelling and applying the following
relationships to a variety of situations:

1.4.1 v=fA velocity

v = velocity (ms™)

v = fﬂ' f=frequency (Hz)

A = wavelength (m)
1.4.2 f~1IT frequency

f — 1 f="frequency (Hz)
T T = period (s)

1.4.3 k = 21t/A wave number
27
K S wavenumber

Wave Behaviour

Inquiry question: How do waves behave?
2.1 Explain the behaviour of waves in a variety of situations by investigating the
phenomena of:

2.1.2 The bouncing of a wave when it hitsa | Plane:
Reflection | surface or obstacle. & "
4@4 I o,@v
Law of reflection b@& : %,
- Angle of incidence = angle of « A | x er,%
. (o) )
reflection :

The normal is perpendicular to the : e
reflective surface normal

Speed or shape does not change

Concave:

Plane surfaces: . K
- At any point, a normal will be /\
parallel to any other normal S 5 ég
- Virtual image ol '
Concave surfaces: > /\/
- Afocal point will form and the ; ;
wave will become concentrated o
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at one point

- Eg. satellite dishes

- Real image (only if object is
further away than the focal
length

Convex surface:
- Create a wider view as the light
is diverged
- Virtual image

Convex:

<

W

W

Principal axis

L 4

3L

P

Focal
length

m
ne

2.1.3
Refraction

Change in speed when wave moves
from one medium to another.

If a wave enter at an angle other than
90°, the change in speed will cause a
change in direction.

Frequency remains constant, therefore
the wavelength must also change.

More dense to less dense
- Away from normal

Less dense to more dense
- Towards normal

Uses:
- Glasses, cameras, telescopes,
cornea of eye

Critical angle:
- Angle =90°
Total internal reflection
- Angle greater than 90°

Normal
|
i
Incident Ray —
=

source

Glass Bl

Refracted Ray

lock

I
|
-

r
1L "2

Normal
deep shallow
water water

transmission or= 90°
1 H

Emergent Ray

n =1.00 (air)

|
i No ray is

| transmitted
|

100%
' reflection

n =1.50 (glas:




2.1.4
Diffraction

Spreading of waves into a space
beyond a gap/obstacle. Eg. sound
bending around corners of rooms.

- Shorter wavelengths are
diffracted less

- Amount of diffraction depends
on ratio of A to w (slit width)

- Substantial difference - the
wavelength must be similar to
the width of slit

- No change in speed,
wavelength or frequency

Wide gap — small diffractio

il ))))))

HHH

 gap — large diffrac

Large wavelength — large diffractio

2.1.5 Wave
super
position

Both waves continued unaltered after

1. When crests on opposite sides
of the rope coincide destructive
superposition occurs.

Total amplitude = difference between
amplitudes

2. When the crest of one wave
coincides with the crest of the
other constructive superposition
occurs.

Total amplitude = sum of amplitudes

dlrecuon of travel

direction of travel \ /

1. -

(a) direction direction of travel

of travel
—l o

(©)

2.2 Conduct an investigation to distinguish between progressive and standing waves

Progressive waves

- Propagate through a medium
- Transfer energy

Stationary waves

- Particles vibrate but wave itself does not

Stationary point: nodes
Maximum displacement: antinodes

- No transfer of energy



Modelling standing waves: using the principles of superposition
Blue solid - string pulse, Blue dotted - reflection, Red dotted - resultant wave

© 7 e resultant

- ——= direction of wave

Reflected at 0 displacement
- Constructive interference
- The two waves add to

create a wave of double
amplitude

direction of wave =- - ==

,« = resultant

resultant
Reflected at maximum
displacement
- Destructive interference
- The two waves totally
cancel each other out

resultant

Standi ,
tatl Irgn‘l,;étlvpeand down B | | | ] [ l l ]
oscillation




Sound Waves

Inquiry question: What evidence suggests that sound is a mechanical wave?
3.1 Conduct a practical investigation to relate the pitch and loudness of a sound to its
wave characteristics

Sound: a mechanical wave travelling as vibrations \/t—\ | /]\
through air e
(Arnplitude \/ ‘ \/

Quieter Louder

- Travels in all directions from a source
- Longitudinal wave with compressions and
rarefactions

Volume

- Directly related to amplitude
Pitch

- Directly related to pitch

)

Lower pitch Higher pitch

3.2 Model the behaviour of sound in air as a longitudinal wave

’<7 Wavelength 4>|
: |

I
Compression Rarefaction Compression Rarefaction

}4— Wavelenglh —>|

3.3 Relate the displacement of air

(a) loudspeaker diaphragm

molecules to variations in pressure vibrations +— — C = compression R = rarefaction
. ¢ R ¢ R i< R
Increase in air pressure r . 3 S
, T ) . e . \
- Compressions (longitudinal) Tw Y X 7 S
loudspeaker direction of travel of sound waves longitudinal displacement

of air molecules

- Peaks (transverse)

(b) pressure variation ’ \\i«l——:.x | maximum pressure
Decrease in air pressure _ _ / : \
undisturbed air pressure — 0 t
. . . ' . - d
- Rarefactions (longitudinal) g ¥ : . . rance
- Troughs (transverse) c R c R el S

FIGURE 9.1.5 The compressions of a longitudinal wave coincide with the peaks of the transverse wave representation.

3.4 Investigate quantitatively the relationship between distance and intensity of sound
Discussed below as inverse square rule



3.5 Conduct investigations to analyse the reflection, diffraction, resonance and

superposition of sound waves

Applications of:
Reflection

The longer it takes for the sound to bounce back, the further away the object
- Echolocation for animals such as bats (sound)

- Ultrasound of babies in utero (sound)
Diffraction

- Determining the result of different sized gaps on different length wavelengths (sound)

Resonance

- If amusical instrument is blown into at a frequency that matches the natural (driving)

frequency the air inside turns into resonance vibrations and forms a loud sound.

Superposition

heard (used in noise cancelling headphones)

- Exactly the same: the sound becomes twice as loud, as

amplitude is doubled

- Random difference: out of phase, a weird kind of sound is

produced

3.6 Investigate and model the behaviour of standing waves on strings and/or in pipes to
relate quantitatively the fundamental and harmonic frequencies of the waves that are
produced to the physical characteristics (eg length, mass, tension, wave velocity) of the

medium

Standing wave: The result of superposition of
two waves with the same amplitude and
frequency at the same speed but in opposite
directions. (stationary wave)

Standing wave has:
- No net transfer or energy
- Nodes (zero displacement)
- Destructive
- Antinodes (maximum displacement)
- Constructive
- Patrticles with different amplitudes
depending on their position
- Some fixed points and some oscillating
at maximum amplitude

- Destructive or constructive can occur AN | AN
Completely opposite: cancels it out and the sound cannot be 3+

VW

L

Antinode

Node

Wavelength &

Antinode

Node

Antinode

|

Node



Harmonics and overtones:
Distance - between a node and the next antinode is ¥ of a wavelength
Depending on wavelength, a different number of waves will fit in a certain space

21 A = wavelength (m)
A= — | = length of string (m)
n n = number of harmonics/ number of antinodes

Note: these are not on the formula sheet
- The below formula can be derived from this one

f = frequency (Hz)
. nv v = velocity (ms1)
f = ﬁ 1 = length of string (m)
n = number of harmonics/ number of antinodes

first harmonic second harmonic
(fundamental (first overtone)
frequency) Lt

A=2 B

third harmonic fourth harmonic
(second overtone) (third overtone)

3 B
A,:T—!’ AJ-S

What affects the wave:
- Tension of the string: higher = lower frequency
Length of the string: longer string = longer wavelength, and thus lower frequency/pitch

- Frequency:




3.7 Analyse qualitatively and quantitatively the

relationships of the wave nature of sound to explain: Finna
3.7.1 beats fbeat=|f2-f1| 345 mis

Beats 111 1 I l T

- When two sound waves of slightly different

frequencies enter, each sound alternate between ¢ b ¢ D C ::nd;ow
constructive and destructive f WM/
- Constructive/Destructive refers to amplitude v
- Amplitude changes volume C Constructive interferene |
- # beats per second = D Destructive interference
difference in frequencies fbeat = |fl — f2|

3.7.2 The Doppler effect f=flvwave+vobserver)(vwave-vsource)
Doppler effect: The apparent change in frequency of a wave due to the source and/or observer
moving away or towards each other

f' = observed frequency (‘u’ + V )

f = actual frequency = 0

v = velocity of sound waves (340m/s) f - f
v, = velocity of observer (V 3 VS)

v, = velocity of source

Sound Low Frequency e i High Frequency
- Change of frequency = change in pitch of sound heard IQ N \
- Low pitch = object/observer moving away

- High pitch = object/observer moving towards i
Light
- Change in frequency means shifting colours on visible
light of EMS *J

- Called red/blue shift
- Red = object/observer moving away
- Blue = object/observed moving towards

10
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Ray Model of Light
Inquiry question: What properties can be demonstrated when using the ray model of
light?
4.1 Conduct a practical investigation to analyse the formation of images in mirrors and
lenses via reflection and refraction using the ray model of light

Definitions:
- Focal length - distance from mirror to the Concave mirror
K is a portion of
focal point y a sphere.
- Centre of curvature - centre of the circle, :
created by completing the lense e -
- Radius of curvature - radius of the circle ~ principal axis |2 f20Ius of curvature :
1P pole C, centre of curvature
\ F, principal focus
Formation of images: \ [ focallength
- Reallvirtual - :
- Diminished/enlarged - a change in size
- Inverted/upright - direction (compared to
original)
Mirror formula and lense formula
1 1 1 f = focal length of mirror/lens
—_t — = — u = distance between object and mirror/lens
vV u § v = distance between image and mirror/lens
Focal length values
In mirror In lens
Positive (real) Negative (virtual)
Concave
Otherwise known as: (converging mirraor) (diverging lenses)
Negative (virtual) Positive (real)
Convex
Otherwise known as: (diverging mirror) (converging lense)

11



Magnification formula (both lense and mirrors)

hl v M = maghnification
M — T hi = height of image
— S ho = height of object
ho u

u = distance between object and mirror/lens

v = distance between image and mirror/lens

Mirrors
Draw a line from the:
Always produces, virtual,
2. Point where touches the mirror upright and diminished
through the focal point (f)
C_onve_x i 3. Top of the object passing through the
diverging
centre of curvature (c)
4. Principal axis to where the previous 2
lines intersect
5. Comment on the type, size and
direction
Draw a line from the:
Image is, real ,diminished and
inverted
2. Mirror, where touches »
_ through the focal point (f)
B?Emd 3. Top of the object through the f
Concave - € focal point (f)
converging | focus

4. Mirror (where line 3 touches)
parallel to the principal axis

5. Principal axis to where the
previous 2 lines intersect

6. Comment on the type, size
and direction

- Either diminished or enlarged
- Always inverted

12




Draw a line from the:
Rays do not cross (are parallel)
so image is formed at infinity
2. Same as above
3. Top of the object to the point
where the principle axis
On the meets the mirror
focus . o
4. Point where the principle
axis meets the mirror, at the
same angle as in 3
5. Comment on the type, size X
and direction
Draw a line from the:
Image is virtual, upright and
2. Same as above enlarged
3. Same as above _ gl
In front a. Extend this line past e
of the the mirror
focus 4, Same as above | Lo
a. Extend this line past Q
the mirror
5. Principal axis to where the
previous 2 lines intersect

Lenses

Convex -
converging

Draw a line from the:

Point where

touches

the lense through the focal
point (f) on opp. side

3. Top of object through (0,0)
on the axis

5. Principal axis to where the
previous 2 lines intersect

6. Comment on the type, size
and direction

Image is real, inverted and

enlarged/diminished

If the object is closer to the lense
than the focal point, it will be on
the same side, upright and virtual
If the object is on the focal point,

the image will form at infinity

13
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Concave -
diverging

Draw a line from the: Image is upright,

2. Point where touches
the lense, through the focal
point (f) f

diminished and always

virtual

3. Top of the object to (0,0) on
the axis

4. Principal axis to where the
previous 2 lines intersect

4.2 Conduct investigations to examine qualitatively and quantitatively the refraction and
total internal reflection of light

-  More dense - less dense
- Away from normal

Air

medium

Refraction - Increase in speed e
(review) - Less dense —» more dense n,
- Towards normal
- Decrease in speed Water
Refractive _ C n, = refractiv.e inc!ex of medium x
ind ny = — ¢ = speed of light in a vacuum
Index Vx vy = speed of light in the medium
Critical - The angle such that when refraction occurs the i
angle angle of refraction is 90° to the normal :
When the incident angle is greater than the critical angle : d’_‘l
TOtaI (>900) : medium two
internal - No light will enter the second medium, the ray is : i
reflection reflected at the boundary back into the first |

1
Total intemal reflection

14




4.3 Predict quantitatively, using Snell’s Law, the refraction and total internal reflection of
light in a variety of situations

Snell’s Law: Different types of reflection:
Regular Reflection Diffuse Reflection
?12 !9'2 Incident rays Reflected Rays Incident rays

> Reflected Rays

Eg. plane mirror or any other surface This is like any surface that we can
Hl that produces a reflected image. see but does not reflect an image
ny

n, sin@; = n, sin 6,

4.4 Conduct a practical investigation to demonstrate and explain the phenomenon of the
dispersion of light

Transmission of light through a medium

Transparent Translucent

No change in luminosity Slight reduction of luminosity | Full reduction in luminosity
- All light passes through - Light partially moves through | - No light moves through

Inverse Square Property of Light intensity
008

s
oy
100G

L1

Introduction to the effect of

t Intensity

0.0
®om

LEREFS

distance on light intensity

o

15



4.5 Conduct an investigation to demonstrate the relationship between inverse square
law, the intensity of light and the transfer of energy

Light intensity

> 1 s l 2 1 = intensity of points 1 and 2 respectively (cd)
I=Wm OR 1r'1<= 12I'2 r = distance (radius) of points 1 and 2 respectively (m)

Note: These equations assume that no other energy is lost

light intensity ¥
A

Inverse square rule

- As a wave moves further from the source,
energy is dispersed in multiple directions
- Creating an increasing large SA to
cover over time
- Only applies to waves that travel in ALL
directions from the source E-

Practical application

Sound - gets quieter the further away you go Inten S]ty oC
Light (lux) - gets dimmer the further away you go

distance?

4.6 Solve problems or make quantitative predictions in a variety of situations by applying
the following relationships to:

4.6.1 n= c+v, for refractive index of medium x, v_is the speed of light in the
medium

4.6.2 n,sini=n,sinr (Snell’s Law)

4.6.3 sini_= 1+ n_for the critical angle i, of medium x

4.6.4 I,r*=Lr,? to compare the intensity of light at two points, r, and r,

16
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Thermodynamics
Inquiry question: How are temperature, thermal energy and particle motion related?
5.1 Explain the relationship between the temperature of an object and the kinetic energy
of the particles within it
- Heat (in joules) is the transfer of thermal energy from a hotter body to a colder one
- Don't confuse heat and temperature, heat is the sensation of the flow of thermal energy.
- A metal spoon and piece of plastic are the same temperature, the temperature
you feel (heat) feels different because they have different thermal conductivities
- Higher temperature = More kinetic energy
- When a solid is heated, the particles within the material gain either kinetic energy (move
faster) or potential energy (move away from equilibrium position)
- The term internal energy encapsulates both kinetic and potential
- Increase in internal energy results in increase in temperature

5.2 Explain the concept of thermal equilibrium

Thermal contact: The transfer of energy through the exchange of energy
Thermal equilibrium: No longer a flow of energy as the two objects are the same temperature

0" Law:
If two thermodynamic systems are each in thermal equilibrium with a third, then they are in
thermal equilibrium with each other.

- Eg. athermometer stating that two cups of water are 70°, they are in thermal equilibrium

1% Law:
Energy can neither be created nor destroyed. It can only change forms.
As energy changes from one form to another, the total internal energy is constant
The internal energy of a system can be changed by:
- heating or cooling done ON or BY the system
Positive and Negative
- Qs positive for heating
- Qs negative for cooling

- Wi s positive is done by the system o
- W is negative (equation would be AU = change in internal energy

Q+W) when work is done on the AU = Q — W Q=heat added to the system
system W = work done by the system

5.3 Analyse the relationship between the change in temperature of an object and its
specific heat capacity (through the equation Q=mcAT)

Specific heat capacity
The amount of energy that must be transferred to change 1kg of material by 1°C or 1K

17



When heat is transferred the temperature change depends on the amount of energy
AQ (change in heat energy) is proportional to AT (change in temperature)
See full equation below in 5.7.1A

5.4 Investigate energy transfer by the process of:

Heat transfer with no net movement of FREEEES e
particles - collision of molecules

5.4.1 Conduction

Transfer of thermal energy through liquid
5.4.2 Convection | or gas by movement of hot areas.
Involves mass movement of particles

Transfer of heat without the movement
5.4.3 Radiation of matter. Electromagnetic radiation
includes ultraviolet and infrared light

5.5 Conduct an investigation to analyse qualitatively and quantitatively the latent heat
involved in a change of state

Latent heat: The measure of the energy released or absorbed during
a change of state.

Temperature

2 Latent heat g

condensation

Latent heat of fusion:

&

steam Ui

water to ice (-)

* Latent heat
: releases absorbs i 1 izati
ri W r + 07 vaporization.
or ice to water (+) latent heat of Q latent heat of _ (Tompeiaur amans
vaporization water vaporization Solid turns to gas)
: . . A Eat : Latent heat
Latent heat of vaporization: solidification _— edbgion
_ releases absorbs “constant as solid
Steam to water ( ) \Btert Fege % latent heat turns to liquid) 2
or water to steam (+) of fusion ice of fusion whw explainthatstuff com Heat supplied”

Q = heat energy transferred (J) Note:
m = mass (kg)
Q =m L L = latent heat (J/kg).
- Fusion (solid s liquid)
- Vaporisation (liquid s gas)

- 1L of water = 1kg
- You may have to use another egn
(g=mcAt) to properly answer the question

5.6 Model and predict quantitatively energy transfer from hot objects by the process of
thermal conductivity

5.7 Apply the following relationships to solve problems and make quantitative
predictions in a variety of situations:

18



5.7.1 O=mcAT, where c is the specific heat capacity of a substance
Specific heat capacity

Q = heat energy transferred (J)
m = mass (kg)

Q = mcAT ¢ = specific heat capacity (JKg1K2)
AT = change in temperature (°C or K)

5.7.2 QIt=(kAAT)+d where k is the thermal conductivity of a material
Thermal conductivity

Q KkAAT = the rate of heat energy transferred (J/s or W)
— = ——— k=thermal conductivity of the material (Wm1K1)
b d A = surface area perpendicular to the direction of heat flow (m?)
AT = temperature difference across the material (°C or K)
d = thickness of the material through which heat is being transferred (m)

Q
t

Note: These questions are usually
very wordy so write the symbols and

the information you are provided with
4 Thickness — )
Thermal Energy \ (m) Thermal Conductivity Rate 1O gUIdE youU.
(w) (W)

Temperature,

(K)

Temperature,

(K)

Temperature Difference
AT=T,T,
(K)
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