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AS & A Level - Physics (2702) - Chapter 1
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Syllabus statements covered in this chapter

Syllabus What you must be able to do Level

ref.

1.1 statements | Every physical quantity is a numerical magnitude and a unit; make reasonable
122 estimates of physical quantities

1.2 statements | The five Sl base quantities and units; derived units as products or quotients of base

1-4 units; checking homogenei’ry of equaﬁons; the preﬁxes pico to tera

1.3 statements | Systematic errors (incLuding zero errors) and random errors; precision and accuracy;

— 1 ]1-3 uncertfainty in a derived quantity by adding absolute or percentage uncertainties

1.4 statements | Scalars and vectors; qdding and sub’rrac’ring copLanur vectors; resoLving a vector into

— | 1-3 two perpendicular components

What is inside

1. Concept notes, 8 worked examples

2. Practical skills (Paper 3);, common mistakes Trom examiner reporTs

lo Ml VaW W 4

oD NN [ |
9. ZU T ITCUD \l'UIJCI T :uyu:/, CKPLUlHCU

5. Quick-reference sheet, "l can” checklist

How to read these notes

= AS Level content (Papers 1, 2 and 3)

0 = A Level onty (Papers tand 5)

vod — |, o voprn = Aofimid:am
LA Bl Y\CY TCT T sl CCIT — donimiiulT
o = one mark in the mark scheme

— | % Exam tip: Units are written in index form, as on the papers: m s, kg m~". Use g = 9.81m s~* (from the data
— sheet).

Independent Notes Bazar notes for the Cambridge International AS & A Level Physics (9702) syllabus; not endorsed by or affiliated with Cambridge University
Press & Assessment, All questions are original exam-style questions (not past-paper questions): all figures are drawn by us
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Il Physical guantities

o A physical quantity is a numerical magnitude together with a unit, e.q. 2.5 kg. A number without its unit

is meaningless (except for a ratio such as refractive index or strain).

e Be able to estimate everyday values to the righ’r power of ten:

| Quantity Estimate Quantity Estimate
____ mass of an adult 10 kg height of a room 3m

__ mass of an apple 0.1kg diameter of an atom 10"°m
— walking speed 15ms™ power of a kettle 2 kW

— speed of a car on a motorway 30ms™ density of water 1000 kg m~
—— weight of a 1kg bag 10N atmospheric pressure 1x10° Pa

1.2 S| units

| The five Sl base quantities (learn these): mass - kg; length - m; fime - s; current - A; temperature - K.

e Fvery other unit is a derived unit: a product or quotient of base units, found from the defining equation.

— Quantity Defining equation Unit Base units
— force F =ma N kgms™
— work, energy W =Fs J kgm*s™
— power P=W/t W kgm®s™
| pressure p=F/A Pa kgm™ s~
| charge Q=1It C As

— | potential difference V=w/Q \ kgm*s”A”
| resistance R=V/I Q kgm*s* A~
| frequency f=1T Hz s

e An equation is homogeneous if every term has the same base units. A homogeneous equation may still be

wrong (a missing number such as % has no units), but a non-homogeneous one is cer’rainty wrong.

e Prefixes: pico p 10~ nano n 10~%, micro 1/10-%, milli m 10~*, centi c 107, deci d 10, kilo k 10°, mega M

10°, giga G 10°, fera T 10™. Watch squares and cubes: 1 mm* = 10° m*, 1cm’ = 10°° m’,

_r Worked example I: base units of power )
— P = ? = Ts: units of force x distance + fime = (kg m s*)(m)(s™") = kgm*s™.
v,
S

| Worked example 2: homogeneity

— Show that v2 = u? + 2as is homogeneous.

— vZ2andu?: (ms™)* = m's™ 2as: (ms)(m) = m* s (2 has no unit). Every term is m* s, so the

— equaﬁon is homogeneous.
. J
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( Worked example 3: units of a constant

The drag force on aball is F' = k2. Find the base units of k.

F kgms 2 .
k:ﬁm2—s_2=kgm
\.

( Worked example 4: prefixes and powers

Aluminium has densi+y 21g cm”. Express this in kg m—.
2.7 x 1073

21 g=23x10"kgand1cm’ = (10~ m)* = 10-° m’. Density = 106

\.

=23 x10°kgm™.

1.3 Errors and uncertainties

¢ Random errors make readmgs scatfter unpredlc‘rqb'Ly about the true value (e.g. reaction fime with a

precise and accurate precise, not accurate accurate, not precise

true value

Random error: pointe scatter about the true line. A zero error chifts every reading by the same amount.

Combining uncertainties

A
absolute uncertainty Ax; fractional uncertainty _a:; percentage uncertainty = % 100%
x 5
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Sum or difference (z = a &= b): add the absolute uncertainties: Az = Aa + Ab

! Product or quotient (z = ab or a/b): add the percentage uncertainties

___1 Power (z = a™): multiply the percentage uncertainty by n (a constant such as Tt or 4 adds no

___ ! uncertainty)

e Give The final absolute uncertainty Yo T (or 2) significant fiqures, and the value To The same decimal place: g =

VaWilo NN NI a WaY —2 L O0-7QQ1—N1
J.O0O L U.Z2ThS 1Tl J.ioJd L U.1

1.0, which is 25%.

_ dp=

N 124 “* 120 " 1500

— | Whatis the diameter?

—{ Worked example S: uncertainty in a density
— | Awirehas massm = 12.4 4= 0.1 g, diameter d = 1.20 &= 0.01 mm and length L = 1.500 =&

| 0.002 m. Its density is p =
4 x 0.0124

— 7309 kqm™.
7 x (1.20 x 10-3)2 x 1.500 am

— 0.1 0.01 0.002
% uncer’rqinfy = 2

- dZLL' Find p with its uncertainty.

= 0.81% + 1.67% + 0.13% = 2.6%.
Absolute: 0.026 x 7309 = 190. So p = (3.3 + 0.2) x 10" kg m™". Notice d contributes most, because

it is squared.

p
— Worked example 6: zero error

| A micrometer reads 0.03 mm when its jaws are closed. With a wire between the jaws it reads 1.2% mm.

The zero error is +0.03 mm, so subtract it from every reading: 1.27 — 0.03 = 1.24 mm. Averaging

repea+ed readings would not remove this error.
\_ J

| )4 Scalars and vectors

e A scalar has magni’rude onLy: distance, speed, mass, time, energy, power, Jrempe\ra’rure, charge, densi’ry,

pressure.

e A vector has magni‘l’ude and direction: dispLacemen’r, vel.oci’ry, acceleration, force, weigh’r, momentum,

electric Tield s‘rreng'rh.

® Adding vectors: draw them tip fo fail; the resutfant goes from the start of the first to the fip of the last

e oboanag ta
!

o laaid, A - ~F 33)
chahgetvetocy, v — v — 4.
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subtraction: add —B (B reversed)

. =7 A

/& N 7

- 7 N/
- > A-—B\ /-—B

addition: tip to tail \/

. \.

[ Worked example 7: components

A rope pulls a sLedge with a force of 40 N at 30° above the horizontal. Find the componen’rs.
Horizontal: 40 cos 30° = 34.6 N. Vertical: 40 sin 30° = 20.0 N.

\.

( Worked example 3: resultant by components

Forces of 6.0 N due east and 8.0 N at 60° north of east act on a point Find the resultant.
R, =6.0+8.0cos60° =10.0N; Ry = 8.0sin60° = 6.93 N.

6.93

R =+/10.02 + 6.932 =12.2N, at tan! m = 34.3° north of east.

Practical skills for Paper 3

Y

Recording and uncertainties

Record every reading fo the precision of the instrument: a metre rule fo the nearest mm (e.g. 0.452 m), a
micrometer 0 0.01 mm, a s+opwa’rch 10 0.01 s.
Uncertainty in a single reading: usually the smallest division (or half of it); for a timing by hand, at least 0.1-

0.2 s (reaction time).
Lmax — Lmin
2
Time many oscillations (e.g. 20) and divide: the reaction-time uncertfainty is shared over 20 periods.

Uncertainty from repeated readings: half the range, Az =
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e Tables: each column headed with quqnﬁ’ry and unit, e.g. T/ s; values in a column to the same number of

decimal pLaces.

e Calculated values: give the same number of signiﬁcan’r ﬁgures as the least precise raw data (or one more).
N\ v

Comwmown wistakes that lose mariks

e Hertz is not a base unit: frequency is s™". Infensity is power per area (kg s™*), not the ampere just because it uses

the symbol /.

o Symbol equation missing: to find base units, first write the defining equation (e.q. P = W /), then substitute.

* Difterences have units: a pressure difference pa — p; still has the units of pressure.

L icmultipliedby

e _sinandcos sunppgd when resal ving: the compgnen:t next to the angl.e USeS oS

e Units with prefixes: mm® and cm’ converted as if they were mm and cm.

e Too many signiﬁcaM’ ﬁgures in an uncertainty, or a value given fo more decimal places than its uncertainty.

)

[ [ [ 'A
1C/

20 questions, 1 mark each. Choose one answer, A, B, C or D. Answers with explanations follow the questions.

1. Which is an Sl base unit?

A kelvin B newton
C volt D joule

2. What are the Sl base units of force?
A kg ms” B kg m’ s
Cc kg ms™ D kg s

3. What are the Sl base units of power?
A kgm's™ B kgm's™
Ckgms’ kgm's’1

G lhich Avandid, i o g dn?

1 VVIII\'ll\.‘Uullllly LA AL A AR]
A or\nnfl n oneovyn\y
LA) JrJDDu |~ J A2 B\ ) 3’
C—mass D—momentum

5. Aradio S|gnaL has a ’rrequency ot 3.0 GHz. What is This in hertz2?

A 3.0x10°Hz B 3.0x10°Hz

C 30x10%Hz D 30x 10" Hz

6. What is 25 fm in metres?

A 25x10°m B 25x10°m

C 25x10%m D 25x10*m
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. How can a systematic error in a measurement be reduced?

A by repeaﬁng the reading and averaging

B by 1'qkin9 more reqdings over a wider range

C by recording to more signiﬁcam’ ﬁgures

D by correcting for the zero error or recalibrating the instrument

A Tl‘\o meani rlncn +n ‘H‘\o +Pl 1e \lﬂlllb
L) eI Urn o CluoUTUTII T uv vutuey

D The rmdingq are in Sl units

strthich sthebestestimateofH ¢ fott? ———————

A—T0 kg B 'Kg
C 100 kg D000 kg

10. What are the Sl base units of electric charge?

A As” B As
CA D kgA
1. A length is measured as 20.0 + 0.2 cm. What is the percentage uncertainty?
A 0.2% B 2%
C 1% D 0.1%

2.2 =(12.0 4+ 0.1) — (8.0 4 0.1). What is the uncertainty in ?

A +0 B +01

C +0.05 D +0.2

P
3.2 = @ The uncertainty in £ is 2% and in () is 3%. What is The percentage uncertainty in Z¢

A 8% B 5%

C 4% D 1%

14. A force of 10 N acts at 60° to the horizontal. What is its horizontal componen’r?

A 81N B SON

C 10N D 60N

an
Z

P

N >
Ju

>
T ®
Go

>

P

16. Which equa‘non IS homogeneous.’

Av=u-fas B s=ul+at

C v2 =u? ¥ 2as D s = vt?
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1%. The velocity of a body changes from 4.0 m s~ due east t0 3.0 m s~ due north. What is the size of the

change in velocity?

AS50ms™ B 1.0ms™

C ¥I0ms™”’ D Oms™”
- 18. What are the S| base units of kinetic energy?

e R

C _ka*m?g? D kam*c?

C kg'm's D kgm's

wiTe?

A ADIN 0 A1
A—130mm B2 mm
Y = 4 D) N V. RaV.]|

C  L.Z27TTNhm O LZ1mnm

20. The drag force on a body is F' = kv*. What are the base units of £?

A kg ms™

B kg s

C kg m’

D kgm™s

Answers and explanations

lA-2C-3B-4D-S5B-6A-7D-8C-9A-108B

<NC-12D-I13A-14B-ISD-16C-17A-

1I8D-198B-20C

1. A. The base units are kg, m, s, A and K; the others are derived.

2.C.FF=ma:kgxms .

oW

o
D
N M
=0

B. qiaa =10
JJ

.A.25x10 % m.

. C. Precision is a small spread; closeness to the frue value is accuracy.

S
6
1. D. Repeating reduces random errors only.
8
9

. A. A typical adult is about 10 kg.

B OQ=1It.

C.0.2/20.0 X 100%.

07

]

b o

19 207
I = 970~

-
H

U

B . 10cos60°

15. D. The resultant lies between 1N and T N.

16. C. Every termism’ s,

1}. A. Av = v — u; the two vectors are at 90: /42 + 32.

18.D. % mov?: kg (ms™)".

19. B. Subtfract the zero error: 1.2% - 0.03.

20.C. kg ms +=ms .

Exam-style structured questions (Paper 2 style)

Answer all parts. Show your working. Total: 23 marks.
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Question | [7 marks]

T
The speed v of a fransverse wave on a stretched sTrmg Is given by V= —, where /" is The Tension in
U

the string and p is its mass per unit length.

(a) Show that this equation is homogeneous. [31
(b) A string has T' = 64.0 + 0.8 Nand p1 = (4.00 & 0.08) x 10~ kg m™". Calculate v. n
[3]

(c) Determine the absolute unceH‘ain’ry in v and state v with its uncer+ain1'y.

Mark scheme

, 50 homogeneous o

e (b)v=14/64.0/4.00 x 103 =126 ms" @

e (c) % uncertainty = 1(1.25% + 2.0%) @ = 1.6%,s0 Av =2ms" Qv =126 £2m

s’ o

Question 2 3 marks]

A boat is steered due north at 3.0 m s’ relative to the water. The river flows due east at 1.2 m s. The river

is 45 m wide.
(a) Calculate the magnitude and direction of the resultant velocity of the boat. 31
(b) Calculate the time taken to cross the river and the distance the boat is carried downstream. [31
[2]

(c) Explain why velocity is a vector quantity but speed is a scalar quantity.

Mark scheme

e (@v3.02+1.22 @ =32ms" @ attan '(1.2/3.0) = 22° east of north @
e (b) time =45+ 3.0 0 =155 @ downstream 1.2 x 15 =18 m @

e (c) velocity has mqgni’rude and direction o; speed has magni’rude only o

Question 3 [ marks]

A student determines the acceleration of free fall g with a simple pendulum of length [ = 0.500 £ 0.002

m. She times 20 oscillations three times and obtains 28.4 s, 28.6 s and 28.2 s.

(a) Explain why she times 20 oscillations rather than one. t

(b) Calculate the period T" and its absolute uncertainty. 3]
4721 T3]

(c) Use g = = to determine g and its absolute uncertainty.

(d) Q(_,!gggd' one source of qyc'l'pmqﬂr error in this pyperimen‘l’ [

Mark scheme

* (a) the reaction-time uncertainty is shared over 20 periods, so the percentage uncertainty in 1" is

smaller o

e (b) mean time 28.4s, T = 28.4 + 20 =1.42s @ half range = 0.2 s for 20 oscillations @

AT =0.015 @
o (c) g =4m? % 0.500/1.42* = 9.79 m s~ @: % uncertainty = 0.4% + 2 x 0.70% =

1.8% Qg =98+02ms" @

T
e (a) units of T: kg m s units of : kgm™ @ —:m*s™ so /T /p: m s @; same as units of v ———
7
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e (d) e.q. Lengfh measured to the 1‘op of the bob instead of its centre; or the si'opwcﬂ'ch running slow

Quick-reference sheet

Item Key facts

base units kg, m, s, A, K; derived units from defining equations (N = kgms™,J =kgm*s™, W =kgm's~, C =
As, V=kgm's*A")

homogeneity | every term has the same base units; pure numbers have none

errors random: scatter, reduce by averaging; systematic (zero error): same shift, correct or recalibrate

uncertainties | sum/difference: add absolute; product/quotient: add %; power n: 1 x %

vectors fip to tail; A — B = A + (—B); components F' cos 6, F sin 6

"I can’ checklist

[ state the five base units and write any derived unit in base units

[ check an equation for homogeneity and find the units of a constant

[ use the prefixes pico to tera, including with squared and cubed units

[ explain random and systematic errors, precision and accuracy

[ combine uncertainties for sums, products, quotients and powers

[ add, subtract and resolve vectors

10



