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L Physical quantities

A number and a unit

1.5 m

—_——

P hy ca' q uantities A physical quantity #72& has two parts:

= a magnitude %/ — the number .
) magnitude unit
® a unit {7 — what the number means

The number alone tells you nothing.

“15" @

Estimate the everyday

A good estimate has the right order of magnitude %75 %;.

S| units

apple human mass
1 1 1 1 1

T
0.1kg Lkg 10kg 70kg 1000 kg

body weight ~ 700 N sound &~ 340 ms~?! light ~ 3.0 x 105 ms~! g~98lms 2




S| base quantities

The seven estimates to know by heart

The Sl system has seven base quantities £ 7 &; these five are used here:

kg m s A K

mass length time current temperature

Combine them with x and =+ to get every other unit — N, J, W, Pa, ..

human height an apple

human mass [fi & human weight Z 1]

T0kg 700N 1.7m 0.1kg

speed of sound in air

free fall § %

speed of light in

a vacuum ELZ

340ms~! 3.0 x 103ms~! g~ 98l ms?

An apple weighs about 1 N. That one number lets you check every other force estimate.
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L1 units

Build any derived unit

Each derived unit 5 21 is just base units, from its defining equation:

N J w Pa

newton 4 joule £2EH. watt FL4F pascal MAHf+
fforce) energy power pressure
kgms—2 kgm?s—2 kgm?s—3 kgm~'s—2

Read the unit straight off the defining equation: speed %% = ms~!, acceleration fjii# &

=ms~2, and stress [i7 /] is force per area, so it takes the pascal too.
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L1 units

Do the units balance?

Homogeneous & 4]—% = both sides have 2 P42as
the same base units. Test v* = u? + 2as:

m LHS = m?s72 J—

w2 =m?s 2 2as=m2s 2 m?s~2 ‘ m?2s—2

Matching units don’t prove an equation right — but mismatched units prove it
wrong.
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L1 units

Prefixes — powers of ten

A prefix i73k scales a unit by a power of ten.

n H m 1 k M G

nano micro milli base kilo mega giga
1079 1076 1073 10° 10% 108 10°

each step is x10

smaller larger

Physical Quantities & Units

L1 units

Prefixes on the page

10712107 10°% 10% 10° 10® 10% 1
k

p n g m 1
each step is x10?
Each step is a factor of 1000, so converting is a shift of three places — never a new calculation.

Square the prefix too: 1mm? = (1073m)? = 10~°m?, not 1073.
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L1 units

Worked example — converting prefixes

0.25 kN mm—2

l

replace prefixes
x 103 / 1076

2.5 x 108 Nm~2

Replace each prefix — and square the mm:

10° 8N 11y —2
0.25 gy = 25 X 10°N
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LErrors and uncertainties

Every measurement is uncertain

Errors and uncertainties

Every measurement carries some
uncertainty 7#EE. A good 3
) v S gty Wuu
experimenter: Jinfiingi iy
m knows where it comes from e
m estimates it fairly

m carries it to the answer

Calipers measure with a small uncertainty

(a) zero check (b) a measurement

45

reads 0.00 mm

Reading = sleeve (main scale) + thimble scale.

A micrometer §47 X reads to 0.01 mm: sleeve + thimble.
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Errors and uncer

The vernier caliper — to 0.1 mm

15404 =154 mm

main scale = 15 mm

| 15 20 mm
I | I I I | | I I I I |
T T T T T T T T T T T
0 1 2 3 4 5 6 7 8 9 10
L
vernier line 4 lines up — 0.4 mm

Whole mm from the main scale
+ tenths from the lined-up
vernier mark.

I Whole mm from the main scale, then tenths from the vernier mark that lines up.
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L Errors and uncertainties

Systematic vs random errors

random error [ffliZZ — scatters above
systematic error 422 — same shift and below with no pattern.
every time (zero error T SiRE,

calibration # %, parallax 77 %).

Spoils the precision; from how you read the scale,
changing conditions, and the smallest step the
instrument {5 shows. The mean 1415 of

many repeats cancels it.

Spoils the accuracy; repeating cannot find it.

eye too far left ey straight above  eye too far right
fo3 fog

pointer
needle rests
below zero

‘\\'\\\\\k\\‘
01 2 3 456 7 8 910

reads too low reads too high

true reading




Precision . how narrow is the spread?

Accuracy

: is the peak on the true value?

recise and accurate

AN

T reading

number of
readings

imprecise but accurate

number of
readings

T reading

precision: how closely repeated readings agree (random error / spread)

precision f§% & how narrow

recise but not accurate

offset from T\

T reading

number of
readings

imprecise and not accurate

offset frorfﬁ\

T reading

number of
readings

accuracy: how close readings are to the true value (systematic error reduces accuracy)

accuracy TR peak on true value?
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LErrors and uncertainties

Combining uncertainties
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LErrors and uncertainties

Adding or subtracting — add the absolute uncertainties

A derived quantity 5 is one you ab

calculate from measured values. Each is
x £ Ax; its percentage

uncertainty H4 L RAEEE = ‘A—X‘X x 100%.
= add / subtract = add absolute
uncertainty 4% A E
= multiply / divide = add the % ﬂ = E + & + A76
= power a" = multiply % by [n]| y g b

a=(50.0+05)mm  j—e—o
Ay = Aa+ Ab
Both y=a+ band y=a— b add b= (20.0+0.2) mm [ 1L0%

them.

A difference keeps the whole
A but has a far smaller value,
so its % is the worst of the
three.

a—b=(30.0£0.7) mm |—0—| 2.3%

the difference is the widest

one scale for all three
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Errors and uncer

Multiplying or dividing — add the percentage uncertainties

=5 IR o

Density p = ‘1/7 from vV "~ 100 _

m=(250+1)g and
V= (100 £ 2) cm?.

The bigger % wins: improve V,

2.0%

not m. [

p = (2.50 £ 0.06) gem >

)
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Errors and uncertainties

Powers — multiply the percentage by the index

n=1% n=1 n=2 n=3
A 1% error in a length becomes
3% in a volume — three edges
each carry it. .
Next slide: d carries 0.38%, 0.5% 1.0% 2.0% 3.0%

so Vo d carries 1.14%. i
each bar is the % uncertainty in y when a carries 1%
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LErrors and

Worked example — uncertainty in a volume Significant figures

d d = (5.26 % 0.02) cm V=1 =1762cm?
) : 76.234. ..

Give the answer the same number of

o o o significant figures F37%{5 as the

% uncertainty in d Vo P triple it back to absolute least precise measurement you used — drop extra
0.02 usually 2 or 3.
5.26 x 100% 3 % 0.38% 1.14% x 76.2
= 0.38% =1.14% AV =0.9cm? m too many = looks too exact 76.2 Cm3 (3 s.f )
m too few = loses information
[ V= (76.2 % 0.9) cm® ]

Size only, or size and direction?

Scalar 58 Vector %8
5keg

magnitude only

—

magnitude + direction

s and vectors

mass - time - energy - speed
distance - density %5 &
- electric charge F{i]

displacement {775 - velocity
force © momentum Zfj &

Quick test — can you ask “in which direction?” If yes, it is a vector.
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Drawing vectors to scale

A vector is an arrow:
m direction of arrow = direction 30N
m length (to scale) = magnitude 50 N
(a) I + - 2[)*>N m add coplanar £ vectors tip
—— scale: 1 unit represents 5 m s~! N . to tail
N 20N 30N ]
m the resultant &% & runs first
tail — last tip
—_— o m to subtract_)?— \? add the
(b) I - T I reverse of Y
(a) 15 m s7!, due east 20N | 30N ‘
(b) 10 ms7t, 0N 30N don
due south




Vectors at right angles

1.2 (north)

0.5 (east)

R=+1.22+0.52

For perpendicular Z=E& vectors:
[Ri=VX+Y, tanf= X.

1.2ms™! north,
0;51()[1571 east:

IR = 1.3ms™!, § ~ 23° E of
N.

current

Fy = Fsiné

Split into two perpendicular FE&
components 43 — usually horizontal
and vertical, or along and across a
surface:

vig = veosf, v = vsiné.

On an inclined plane #&:

W = Wsin0, W, = Wcos6.
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Exam tips

LScalars and vectors

Give every answer a unit, and check homogeneity — both sides of an equation

must have the same base units.

Distinguish random error (reduce by repeating and averaging) from systematic
error (a zero or calibration error that repeats do not remove).

Combine uncertainties: add absolute uncertainties when adding/subtracting, add
percentage uncertainties when multiplying/dividing (and multiply the % by any

power).

Distinguish precision (small spread) from accuracy (close to the true value).

Resolve a vector into perpendicular components (Fcos®, Fsinf); add vectors

tip-to-tail or by components.
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Topic 1 — key takeaways

° Magpnitude + unit

every quantity is a number and a

o Derived units

built from 5 base units; check

unit homogeneity

e Precision vs accuracy

spread of repeats vs the true
value

o Vectors

add tip-to-tail; resolve into
components

Physical Quantities & Units

Check yourself

Sl base units of the pascal?

Close, but far from true — precise or ac-
curate?

y = ab® — how do the % combine?

10N at 30° — horizontal component?

Answers 1. kgm~1s~2

2. precise, not accurate 3. % = % + 2%

10N

for question 4

4. 87N




