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Learning physics

Approaches to learning

The IB aspires for all students to become more skilled in thinking, communicating,
social activities, research and self-management.

In physics, thinking might include:

being curious about the natural world

asking questions and framing hypotheses based upon sensible
scientific rationale

designing procedures and models

reflecting on the credibility of results

providing a reasoned argument to support conclusions
evaluating and defending ethical positions

combining different ideas in order to create new understandings
applying key ideas and facts in new contexts

engaging with, and designing, linking questions
experimenting with new strategies for learning

reflecting at all stages of the assessment and learning cycle.

High-quality communication looks like:

practicing active listening skills

evaluating extended writing in terms of relevance and structure

applying interpretive techniques to different forms of media 1
reflecting on the needs of the audience when creating engaging presentations
clearly communicating complex ideas in response to open-ended questions
using digital media for communicating information

using terminology, symbols and communication conventions consistently
and correctly

presenting data appropriately

delivering constructive criticism.

The learning you will do socially could involve:

working collaboratively to achieve a common goal

assigning and accepting specific roles during group activities
appreciating the diverse talents and needs of others

resolving conflicts during collaborative work

actively seeking and considering the perspective of others

reflecting on the impact of personal behavior or comments on others
constructively assessing the contribution of peers.

You will carry out research, in particular during the Internal Assessment, that includes:

evaluating information sources for accuracy, bias, credibility and relevance
explicitly discussing the importance of academic integrity and full
acknowledgement of the ideas of others

using a single, standard method of referencing and citation

comparing, contrasting and validating information

using search engines and libraries effectively.
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So the range of values is: (1331 - 729) = 602cm?

The uncertainty is therefore +301 cm?, which rounded down to one significant figure
gives +300cm’>.

This is not the same as (Ad)?, which would be 1 cm3.

The fractional uncertainty in 43 = 3% _ 0.3. This is the same as 3 x the fractional

uncertainty in d. This leads to an alternative way of finding uncertainties when raising
data to the power 3.

. . N . N A
If % is the fractional uncertainty in x, then the fractional uncertainty in x> = %

A, . I . o
More generally, if TX is the fractional uncertainty in x, then the fractional uncertainty in

Y

X
So if you square a value, the fractional uncertainty is 2 x bigger.

Another way of writing this would be that 1f = is the fractional uncertainty in x, then
the fractional uncertainty in x? = A— + = ThlS can be extended to any multiplication.

So lf = is the fractional uncertamty in x and 2 is the fractional uncertainty in y, then

the fractlonal uncertainty in xy = ax, —yz

It seems strange but, when d1v1d1ng, the fractional uncertainties also add. So if &% ~ isthe
fractional uncertamty in x and 2 is the fractional uncertainty iny, then the fractional

A, Ay
uncertaint m ===+
Y y x )

If you divide a quantity by a constant with no uncertainty, then the fractional
uncertainty remains the same.

This is all summarized in the data booklet as:

=4b _1 Aa  Ab Ac
If y th e
And if y=a"then =nH
y a
Challenge yourself
1. When a solid ball rolls down a slope of height h, its speed at bottom v is given by
the equation:
10
=|Dgh

where g is the acceleration due to gravity.
In an experiment to determine g, the following results were achieved:

Distance between two markers at the bottom of the slope d=5.0 + 0.2cm
Time taken to travel between markers t = 0.06 + 0.01s
Height of slope h = 6.0 + 0.2cm.

Given that the speed v = %, find a value for g and its uncertainty. How might you
reduce this uncertainty?



























































































































































































absolute zero 99

absorption 334
absorption lines 369
absorption spectrum 121,122, 323
acceleration 5,12,13-16
and air resistance 20
centripetal 51-2
constant 19
constant in one dimension 12,13
direction and sign 14
due to gravity 14,15-16, 273
forces, mass and 41, 42-6
free fall motion 15-16

Newton's laws of motion 35, 42,
43

projectile motion 21-2, 24

and simple harmonic motion 186,
189

from velocity-time graphs 18

acceleration-time graphs 17, 18-19,
191

accuracy Xxv
activity 340
adverse camber 55
air effects 25

air resistance 39-40, 94,95
falling objects 20, 44
projectile motion 24
work done against 74

albedo 123,124,125,126-7,128
alpha decay 335
alpha emission 333

alpha particles 316-17, 323, 333,
334,335

alternating current (AC) 158
ammeters 160, 173

Ampére’s force law 302

amplitude 187, 202, 206-7, 208, 240
angle of incidence 222-3, 226, 228
angle of refraction 222-3,226-7, 228

408

angles xxi

angular displacement 50
angular frequency (o) 188
angular velocity 51
antineutrinos 336

antinodes 240, 242

apparent brightness 104, 366—7
area Xx, Xxvi—xxvii
astronomical distances 363-6
astronomical units 363

atmosphere 123-5
greenhouse effect 1234
interaction with solar radiation
121-2,124-5
atomic mass unit 331-2
atomic spectra see emission spectra
atomic structure 315-27
arrangement of charge 315-16
charge number 318
electrons 320
mass number 318
nucleons 318
nucleus 317
plum pudding model 315, 316-17
Rutherford model 316-17
scattering experiments 31618
atoms 92-3,136-8

Avogadro’s constant 137-8

background radiation 340-1
ball-in-a-box model 108
banked tracks 55

batteries 160-1

beta particles 334, 335

binding energy 330-3, 335,336
nuclear fission 350-2
nuclear fusion 362-3

black-body radiation 1024, 123
from Earth 124,125
from stars 368-9
from Sun 119,120-2

black-body spectra 103,120,122,
368

black holes 375

boiling 108-9,111
Boltzmann constant 99-100
Boyle-Mariotte law 142-3
Brownian motion 94
bubble chamber 334-5
buoyancy 39, 94

carbon dating 342

carbon dioxide (CO2) 122,123,128,
129

Celsius scale 98
centripetal acceleration 51-2
centripetal force 52-5,74
Cepheid variable star 372
changes of state 107-10, 111-12
charge 93,156, 2846
arrangement in atom 315-16
conductors and current 291
Coulomb’s law 288-9
induction 284, 291
moving in magnetic fields 303
transfer by contact 285
Charles’ law 144-6
chemical energy 78,79, 160,161
circuit diagrams 157, 290
circuits 156-81
cells in parallel 172
cells in series 171
electric cells and batteries 160-2

measuring current and pd 160,
172-4

Ohm's law 159-60, 164-5
resistors in parallel 169-71






Einstein’s theory of relativity 386

elastic collisions 76-7
elastic restoring force 40, 189
electric cells 160-2,165,171-2
electric fields 283, 286-91, 295-8
around spheres 287, 288-9
electronsin 303—4, 306
field lines 287-8
field strength 287,288

motion of a charged particle 304,
306

between parallel plates 288,
289-90

potential in uniform field 289-90
uniform 288, 289-90, 304, 306
electric forces 37, 284-5, 288-9
electric motors 168
electric potential 289-91
charging by induction 291
in uniform field 289-90
zero potential 290
electric potential energy 160-1
electrical power 1658
electrical resonance 249

electromagnetic fields 300-11
force between two parallel wires
301-2
force on a moving charge 303,
305, 306

force on current-carrying
conductor 301-3

motion of a charged particle
304-6

non-perpendicular 303, 305

perpendicularly orientated 306
electromagnetic radiation 1024,
1204

absorption 121-3

Doppler effect 261-2

gamma radiation 333, 334, 335,
338, 341-2

infrared radiation 103,121,122

410

power and Earth’s energy balance
124-6

scattering 123—4
from stars 366-9
ultraviolet radiation 121

electromagnetic spectrum 120, 121,
209
electromagnetic waves 121, 208-9
electromotive force see emf (g)
electron gun 300, 3034
electrons 156, 285-6, 316
beta decay 336, 337
in conductors 156, 291
ina current 156-8, 291
in an electric field 3034, 306
energy levels 321, 322-3
in a magnetic field 303, 305-6
orbits 320
photovoltaic cells 162-3
elements 93
emf (e) 161,162, 164,171-2
emission spectra 261-2, 263, 320-3
emissivity (€) 123,124,125,128
energy 64, 69-87
and collisions 75-8
defining 69
efficiency 75
mechanical energy 74,75
quantized 321
stores 73—4, 80-1
types of energy 69
energy density 73
energy flow diagrams 125
energy levels 321, 322-3
energy transfer 74
air resistance 95
chemical energy to kinetic energy
78,79
collisions 75
electric cells 160-1, 1634
electric motors 168

friction 95-6
generators 162

between kinetic and potential
energy 70-2

Sankey diagrams and energy flow
73

simple harmonic motion (SHM)
192-3
waves 200, 201, 220
enrichment 352, 355
equilibrium 33-4, 100, 188-9
eITors XXv—Xxvi, XXxXxv—Xxxvi
see also uncertainties
escape velocity 278
ethics 386
evaporation 108-9
events xix
exams and exam preparation 401-2
experimental techniques xvii-xxi,
383—4,392-5
explosions 78
extended bodies 272
Extended Essay 403-7
assessment criteria 405-7
practical work 404, 406
research question 404, 405-6
topic choice 403, 405
writing 405

External Assessment 401-2

falling objects 15-16, 20, 36, 39, 44,
47
field forces 31, 36-7
electric 37,284-5, 288-9
magnetic 37, 305~6
see also gravitational force
field lines
electric fields 287-8
gravitational fields 274-5
magnetic fields 292-3, 294-5
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