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1B Diploma. - Physics - Theme A - Chapter 1

Space, time and motion: describing motion with posi’rion, veLoci’ry and acceleration

Standard Level and Higher Level (9 hours; there is no additional HL content in A1)

——— What you must be able to do

ldea You must be able to...
|| Position, Describe motion with position, velocity and acceleration; fell displacement st
~ 1 | displacement, from distance HL
— | distance
— 1 | Velocity and Use velocity = rate of change of position and acceleration = rate of change S
— | acceleration of velocity; average versus instantaneous values, found from graphs L

— | Equations of motion Solve uniform-acceleration problems with the four suvatequations; handle

| non-uniform acceleration graphically

—1 | Projectiles Resolve info horizontal and vertical components; horizontal launches,

~

launches above and below the horizontal (constant g, no fluid resistance)

(7

Fluid resistance Qualitative effect on time of flight, frajectory, velocity, acceleration, range

X
~

~
EEEEEOEE €60 ;
e

and ferminal speed

What is inside

1 ('nnrpp+ nates with # worked pxnmplpq

2. Graph skills: gradient, area, tangent

3. Common mistakes; investigation (IA) tips

4. 15 Paper 1A-style MCQs, explained

5. 3 Paper 2-style structured questions with mark schemes

6. Quick-reference sheet and “I can” checklist

How to read these notes

= Standard Level content

= needed at Higher Level only

red = key ferm green = definition

o = one mark in the mark scheme

| % Exam tip: The Physics data booklet is allowed in every paper. Equations marked dafa booklet are given to you;

the others you must remember.

Independent Notes Bazar study notes for students taking IB Diploma Physics. Not endorsed by or affiliated with the International Baccalaureate Organization

(180). AlL questions are original exam-style questions, not past-paper questions; all figures are drawn by us.
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Position, displacement, velocity, acceleration

Kinematics describes how bodies move, without asking what causes the motion. We always measure from a

chosen origin along a chosen direction, and call one direction positive. Position z is the location relative to

the origin. A vector has size and direction; a scalar has size onLy.

| Quantity Type | Meaning Unit
| distance d scalar | total length of the path travelled m
__ displacement s | vector | straight-line change in position, from start to finish: s = Tfinal — Tinitial m
— speed scalar | distance travelled per unit time ms”’
— velocity v vector | rate of change of position (displacement per unit fime) ms™
—— accelerationa | vector | rate of change of velocity ms”*
| pefition . Velocity is the rate of change of position: v = % Acceleration is the rate of change
I of velocity: a = &
At
Average and instantaneous values
__ total displacement _ total distance

e

e Average velocity over an interval . Average speed = - . They
total time total time !

As
* instantaneous velocityis the vetocity atone moment: the timit of N as Xt — 0. On a position-time

graph itis the gradien’r of the #angenf at that moment.

¢ Instantaneous acceleration is the gradient ot The fangent on a velocity-time graph.

e A body can have 2ero veLocﬁry and non-zero acceleration (for an instant, af the ‘rop of a throw). Speed

can rise while acceteration shrinks (see terminal speed, tater):

Worked example ): distance, displacement, average speed and velocity

A runner starts at the west end of a straight 100 m path, runs east to the far end in 14 s, then walks
back 40 m west in 20 s. Find (a) the distance, (b) the displacement, (c) the average speed, (d) the
average velocity for the whole frip.

(a) d = 100 + 40 = 140 m. (b) s = 100 — 40 = 60 m east. (c) average speed = 140/34 =
4.1 m s . (d) average velocity = 60/34 = 1.8 m s ! east.

Direction matters: speed has none, velocity needs one.

p
—1 X Don't do this: Writing “the velocity is 5 m s with no direction when the question asks for a

—kved'or. Write "5 m s~ north”, or give the sign (+5) after stating which direction is positive.

Reading motion graphs

Three graphs de

Lofd)
eTT/S

— | Graph Gradient gives Area under graph gives
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position (or displacement) - time velocity (nothing useful)
| velocity - fime acceleration change in displacement
| acceleration - time (rate of change of acceleration) change in veLocH‘y

VPlnrH'y 2era acceleration

4 N
Worked example 2: a journey graph
A Jnroll,ey's velocity is shown qgainsi‘ time. Find its acceleration in each s’mge and the total displacement.
4
12
w10
E 3
£
2
0 2 Y 6 8 10 12 14 1
time / s
12 -0 0—12
0-Ys:a = — = 3.0ms2410s:a=0.10-1Y4s:a = yE —3.0ms 2
Displacement = area = 1 (4)(12) + (6)(12) + 3(4)(12) = 24 + 72 + 24 = 120 m (the area
of a trapezium: 1 (6 + 14) x 12).
4
12
w10
E g a=30
-*g 6 o
ER 24m
2
0 2 Y 6 8 10 12 14 1
time / s
The same graph with each area marked and each acceleration (m s ?) chown.
. J

% Exam tip: To find an area under a curve, count squares, state the area of one square, and give the answer with

a sensible number of significant figures.
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Uniformly accelerated motion

When the acceleration is constant al.ong a s+raigh+ line, five variables are linked: s (dispLacemen‘l‘), U

(initial velocity), v (inal velocity), a (acceleration), ¢ (time). Each equation leaves one variable out. (A

four are in the data booklet.)

v=u+at s=1(u+v)t s = ut + 1at? v? = u® + 2as
2

=u?+ 2ashasnot.

Missing variable: v = u + at has no s; s = 3(u + v)t has no a; s = ut + 3at? hasnov; v

v—Uu

v The displacement is The area ot a Trapezium: s = %(u + v)T. FuTting v = u + at info This gives § =
1

ut F 2at2. Etiminating ¢ gives 02 = u’ + 2as.

Method for every suvat question

1. Draw a sketch; choose the positive direction (up, or the direction of motion) and keep it.

2. List the values you know with signs and the one you want. Remember hidden values: “starts from rest”

means u = 0; "comes to rest’ means v = 0; free fall near Earth givesa = +9.81 m s2,

3. Pick the equq’rion that contains your four variables, rearrange, then substitute.

_r Worked example 3: braking )
— Acar travelling at 25 m s™! brakes uniformly at 6.0 m s~2 until it stops. Find the braking distance
—1 and time.
—— Take the direction of motion as positive: u = 25, v = 0, a = —6.0. Distance: v? =u? + 2as =
—— 1 0=625-12s = s=952m.Time:v =u+at =t = % =4.2s.
—{ Worked example 4: a ball thrown upwards )
— | Aball is thrown vertically up at 15 m s 1. Ignore air resistance. Find the maximum height and the
— | total time fo return to the hand.
— | Upispositive: u = +15,a = —9.81. Atthe topv = 0: 0 = 225 — 19.62 s = s = 11.5 m.
| | Timetotop:t = % = 1.53 s. By symmetry the whole flight is 2 X 1.53 = 3.06 s. (Check with
s =ut+ sat? = 0:t(15 — 4.905t) = 0 = ¢t = 3.06 5.)
—{ Worked example S: using s = 1 (u +v)t
— | Atrain speeds up uniformly from 8.0 m s t0 20 m s7! in 9.0 s. Find its acceleration and the
~ | distance covered.
| ]e= % —1.3ms % s = 1(8.0 + 20)(9.0) = 126 m.
\ y
— X Don't do this: Using suvat when the acceleration is not constant. If the velocity-time graphisa )
| curve, use gradients and areas instead. )
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Motion with changing acceleration

When the velocity-time 9rqph is a curve, the acceleration changes with fime. The two 9rqph tools still work:

e Instantaneous acceleration at time ¢ = gradient of the tangent fo the curve at £. Draw a long fangent,

A
yAYY

then use a Lqrge h‘iqngl,e: a=——.

e Displacement between two times = area under the curve (count squares, or split into frapeziums).

Ufinal — Vinitial

e _Average acceleration over an inferval = the gradient of the chordjoining the end

nainte (not of a tanaent)
P O-Ca-angent;-
4 N
Worked example 6: a tangent
A sphere falls through oil. Its speed is plotted below. Estimate the acceleration at £ = 2.0 s.
30A
— 25
o ;
£ :
s P I Av
Q
8 '
“ 10 :
_______________ ]
— 5 At
0 2 Y 6 8 10 12=
S— time / s
— 1| Thetangent drawn at ¢ = 2.0 s passes through (0.5s, 6.9 ms ') and (4.5 s, 24.2ms™ ).
— ] Av 242769 s 52 (accept 4110 45). 1 is Less than 9.81 because th
a=—=———=43ms . 5). )
At 1505 accep 0 is less than ecause the
resistance from the oil has already built up.
. J

— | % Exam tip: In a data-based question (Paper 1B or a graph in Paper 2) the tangent must be drawn on the graph

— and the friangle must be large. A small triangle Lloses marks.

Uncertainties in graphs (for the investigation)

When you plot your own data, draw error bars, then draw a best-fit line and a worst acceptable Line (steepest

or shallowest Line that sfill passes through all. the bars). The uncertainty in the gradient is half the

. _ 1
difference: Am = 5 (Mmax — Mmin)-

e K e

A projectile moves under gravity alone. Near the Earth's surface g = 9.81 m s™2 is constant, and in this

chqp’rer fluid resistance is ignored. The key idea: horizontal and vertical motion are independen’r.

Horizontal (x)

e No horizontal force, so a, = 0.
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e Constant velocity: * = u,t.

Vertical (y, up positive)

* a, = —g, constant.

e Usesuvat: v, = u, — gty = u,t — S gt*.

For a launch at speed u and angle 6 above the horizontal: u, = wu cos 0, u, = u sin 6. The time is the

same in both directions, so it Links them. The speed at any moment is \/v% + vg and the direction is

tan h — |’Uy|
a6 -

Uz

}

6 no fluid resistance: symmetric parabola

5 /—\

4 Saumn ."‘~‘ ith fluid resistance:
3 \\ shdder, steeper fall

height / m

LA N

14 AN

g A\

Cly

0 5 10 15 20 25 30 35 4

V. ) ] 1 0o 4 Fy ) L Dy ) r /[ VI I S . W S S B V. T
Alaunch atl LU m § 7, 5U above The norizon]al. Dlue: ho ﬁt{ld reqisiance (paravolaj. Ked dasnhed: with fluid resitance

/6 £ )
(seewext-pages-

Results without air resistance (level ground, launch angle 0)

2usin @ (using)?

u’sin 20
; maximum height H = —

o Time of flight T = ;range R =

Worked example 7: horizontal launch

A ball leaves a cliff top horizontally at 12 m s 1. The cliff is 45 m high. Find the time of flight, the
horizontal distance, and the speed and direction at impact.

Vertical: uy = 0,45 = 3(9.81)t* = t = 3.03 s. Horizontal: = 12 x 3.03 = 36 m. Vertical
speed at impact v, = 9.81 x 3.03 = 29.7m s !, sov = v/122 +29.72 = 32 m s ' af

29.7
tan~! (?> = 68° below the horizontal.
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Angles above and below the horizontal

| Worked example 8: launch above the horizontal ‘
| Afootball is kicked from the ground at 25 m s~ at 40° above the horizontal. Find the time of flight,
| the maximum height and the range. Ignore air resistance.
| up; =25c0s40° =19.2m s}, uy = 25sin40° = 16.1 m sL. Landing at the same height:
— 1 y=0=t= % = 3.28 s. Height: H = 213;; = 13.2 m.Range: R = u,t = 19.2 X
| 3.28 =63 m.
\ y
| Worked example %: launch below the horizontal )
——| Astone is thrown from the fop of a 20 m cliff at 10 m s~*, 30° below the horizontal. Find the time to
— hit the sea and the horizontal distance.
— | Take down as positive here: u, = 10sin30° = 5.0, u, = 10 cos 30° = 8.66. 20 = 5.0t +
| 4.905t% = 4.905t2 + 5.0t —20 = 0,50t = 50+ 5 151 3924 1.57 s (reject the
B negative root). Horizontal distance = 8.66 x 1.57 = 13.6 m
\ Choose one sign convention for the whole question. A Launch below the horizontal has s, in the same direction as g. )

| Evergy wmethod

| % Exam tip: Questions often give a “launch speed” and an "angle” and then ask for something at the fop of the

— | path: use v, = 0 there and v, unchanged.

e S
X Don't do this: Adding or “averaging” the horizontal and vertical motions into one equation. Treat

k’rhem separately and join them only through fime 2.

The effect of Huid resistance

Fluid resistance (drag) is the force from a gas or liquid on a moving body. It acts opposite to the velocity

and generally grows as the speed increases (and with the body's cross-section). It is not required

quantitatively in this chapter; you need to describe its effects.

| 0w a falling body: terminal speed
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30ﬂ
no resistance (a = g)

25
. 20 with fluid resistance
n /
c
~ 15 /
el
a)
[%)
g /

10 /

5 /
0 2 y 6 8 10 2

fime /s

The gradient of the curve falle from g atT — U to zero at terminal speed.

On a projectile

| Quantity

Horizontal
velocity

Acceleration

Maximum heigh#
Time of flight

[ ] Range

] Trajectory

| Speed on landing

Without With resistance

resistance

constant decreases all the way (drag has a horizontal component)

g downwards, not constant; at the start larger than g when going up, then smaller than
constant g as it descends

H smaller

T fime up is shorter, time down is longer; overall usually shorter than T

for a strong drag
R smaller

symmeh‘ic parqboLa qsymmei‘ric: the descent is si‘eeper than the ascent; the highes# poin1' is

nearer the Landing end

equal to launch less than the launch speed

speed

* Exam tip: For "explain” questions on ferminal speed use this chain: resultant force — acceleration — speed

chqnge. Always say acceleration is zero at terminal speed, not that the speed is zero or that grqu‘y s+ops qd‘ing.

Common—mistakes
@V >

Mistake Correct idea
Calling the average of two speeds the | Average speed is fotal distance + total time. For two equal distances at 50
| ' 9
average speed of a trip and 100 km h™" it is ——— — — 66.7 km h™", not 5.
— 1/50 +1/100
—— Usingv = s/t for accelerating That gives the average velocity only.
____ motion
— Wrong signs for upward throws (a = If up is positive, a = —9.81 for the whole flight, rising and falling.

| +9.81)
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Saying acceleration is zero af the top | Velocity is zero for an instant; acceleration is stil. 9.81 m g2

of a throw downwards.

Gradient of a displacement-time graph | It is velocity. Acceleration is the gradient of velocity-time.

called acceleration

Reading distance from the area when Subtract areas for dispLacemen’r; add sizes for distance.

part of it is below the axis

Using the range formula for Launch R = ulsin S;H 20

is for Level ground only. Otherwise solve y(t) for the time.
| and landing at different heights

“Terminal speed means no forces act” | Weight and draq act; they are equal and opposite.

Investigation ideas Qa)

Kinematics gives good, low-cost mves’ngahons. Pick a ques’non with a clear mdependen‘r variable and

measurabte dependen"r variabte, and ptan how you witl Teduce uncer"rqm"ry:

e How does The launch qngLe ot a ball (ramp or spring Lquncher) affect ITs rqnge.’ Use video anaLyS|s tor The Time and
bavisantal d

+ho ha Al dictan- o
TS TIVT TZVITTTUL UiroTunice,

e How does the

the release.)

e Does a ball rolling down a ramp show uniform acceleration? Plot s against t? (a straight Line through the origin if

s = zat? and the gradient gives a/2).

Linking idea: graph linearisation (ploﬂing s against %) turns a curve info a straight line so the gradient and its uncertainty can be found.

IS multiple-choice guestions

paqe
rJd

c 5. A stone is released from rest and falls freeLy for 3.0 s.

4 A e (PNS | Lnn 4, Le 30 ON
I AN LUIIIPLC|C) UTc \-U') VT URVUTTT TTUCA TTT JU 5.

lhat are her average speed and average velocity for The distance fallen is:
T

the lap? A 441m B 883m
A 8ms, zero B zero, zero C 2%m D 1.¥m
C zero,8ms” D 8ms"'8ms” 6. A projectile is at the highest point of its path. Air
2. Which of these is a vector quantity? resistance is negligible. Which statement is correct?
A displacement B speed A Its vertical velocity is a maximum.

®

C time D distance Its horizontal velocity is zero.

CT¥s velocity is zero.
3. The gradient of a displacement-fime graph at a point

o ' L : O-Q1 =2 !
TS UCCELeTaimon 1S J.01 ' IIT'S QoOWnNwWaras:

o

gives the:

A average speed O veLoci‘ry 1. Ball X 'is dropped trom rest from a table and ball Y rolls

C distance travelled D acceleration off-the fabte horizor lutt; atfhe-same instant. fgriore

gir resistance rnmlr_\gror{ with \'a ball Y tgkes:

: 1
4. A car accelerates uniformly from 10 m s to A the some time foland B longer toland

T .. : ——
30 m s~ while travelling 200 m. Its acceleration is: C less ime 4o Land D atime depending on its

A 010ms™ B 4Oms™
mass

C 1TUms D ZUms
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8. Two balls are launched with the same speed onlevel  15. Compared with the same launch in a vacuum, a

ground, one at 30° and one at 60° to the horizontal. projectile moving through air has:

Ignore air resistance. Their ranges are: A alonger time of flight

A larger for 60° B larger for 30° B a constant horizontal velocity

C zero for both D equal C ashorter range and a steeper descent than ascent

9. A car brakes uniformly from 20 m s o restin P a grearer maximum heignt

4.0 s. The distance it travels is:

A 8Um B 5.Um

n
Uum

N

~ N [N
C AU [3)

10. A body's veLocﬁy changes um‘rormty Trom

4N =14 90 1. an W
& .U IIL' S 10 —Z.UIIIS Mo.US.T15

acceleration is:

A -06tms™ B +06tms™

C -20ms™ D +20ms™*

1.A cphprp falls +hmugh a lio|uid atits terminal spppd

Which statement is correct?

A Its acceleration is 9.81 m s~ 2.

B The resultant force on it is zero.

C No forces act on it.

D The drag is smaller than the weight.

12.0na speed-ﬁme grqph acurve rises with a gradien’r

that decreases steadily. The motion is one in which the:

A object is af rest

B objectTs stowing down

C | e H ol d HH
C o uctoierunormnmio Lorsmant ung PUDIIIVC

D speedincreasesandthe acceleration decregses

42 AL 11 [T . 1 oo £1 - 111 0 1
15, A DUl TOWS HUTI&UI’HU\LY O u faote ol IICISIH 1.2 11Ul

8 Oms—! Ignnrp gir resistance. The horizontagl

distance to where it lands is closest to:

A 19m B 40m

C t9m D 2tm

14, A car covers the first 100 km at 50 km h " and the

next 100 km at 100 km h ™%, Its average speed is:

A 83.3kmh B 663 kmh'
C 30.0kmh~ D 5.0 km h
Answers and equlanatl‘ans -
| 1A I 2A I 3B 1 4p 1 5A 1 6D 1 TA 1 8D
B qC 1 10C 1 18 1 12D 1 138 1 4B 1 15C

1. A. Distance 400 m in 50 s gives 8 m s, The disqucemen+ for a full Lap is 2ero, so the average veLocHy is 2ero.

2. A. DlspLacemenT has direction. Distance, speed and Time are scalars.
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3. B. Gradient of s-¢ is As/At, the velocity (at a point, the instantaneous velocity).
4. D v* = u® 4 2as: 900 = 100 4 400a, soa = 2.0 m ™.

5.A.8 = 3gt> = 0.5 x 9.81 x 9.0 = 44.1m. Dis 5 gt (14.3); Cis gt (29.4); B is gt* (88.3).

6. D. Gravity still acts, so the acceleration is 9.81 m s~* downwards. The velocity is not zero (the horizontal

component remains); only the vertical component is zero.

9.C.s—1(u+t )t =1(200(4.0) =40 m
L A ASR

10.C.a =(=2.0-4.0)/3.0=—-2.0ms™

1. B. Drag equals weight, so the resultant force and acceleration are zero. A, D and C are false.

12.D. A rising curve means increasing speed; a falling gradient means a decreasing acceleration.

13.8.t = 1/2(1.2)/9.81 = 0.495 5; = = 8.0 x 0.495 = 3.96 ~ 4.0 m.

14, B. Times: 2.0 h + 1.0 h = 3.0 h; 200/3.0 = 66.7 km h™". D is the mean of the fwo speeds.

15.C. qug shortens the range and makes the descent sfeeper. Maximum heigh’r is lower, and the horizontal veLociTy

decrenses.

Structured guestions

e
® s/

The 9raph shows the veLoci‘ry ofa ’rrou.ey moving oLong a s’rraigh’r horizontal frack.

14

12

/ AN

go

1/ N\

velogity /|m s’

1/ N\

b
<D

Q 49
[ 1

rs
q

G
4

<D

time / s

(b Determinethetotatdist ' tedby-the-trotey- [32]

L

[2]

L 4 4 [ 1]
e uver 095 DPECU OVET T11IE WIHOLE 175,

Mark scheme

(@) a = Av/Atwith12/4.0 @:=3.0ms 2 @

(b) distance = area under graph @: 3(4)(12) + (6)(12) + 5(4)(12) @ =120m @

(c) average speed = total distance + total time @; 120/14 = 8.6 ms™' @

(d) opposite to the direction of motion (it is deceLeraﬁng) o

1
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Question 2 (8 marks)

[2]

(b) Cal r'|||n‘|l'e '!'h e hgpizgn:lzg' dis:l:gnee fpgm :the bpidge g:i: \ ’hieh H: |gnd5. [
(c)

De#ermine—#he—speedef—ﬂse—s#erwe&ﬁ—mehes-the—we#er. [3]

[2]

Mark scheme

e ()30 = 3(9.81)t° @:t =2.5s(241s) @

e (b)6.0x2.47=15m (14.8m) @

e (v, =gt=981x247=243ms " Qv=+v6.02+2432@=25ms™"

(energy method: /36 + 2 x 9.81 x 30 = 25 also gains all three)

e (d) the horizontal distance would be smaller o; drag has a horizontal component opposing the

motion, so horizontal velocity decreases o

Question 3 (7 marks)

A steel sphere of mass 0.050 kg is released from rest in a fall cylinder of oil. The graph shows its speed

against time.
30A
25
,

. 20 /
IU)
= /

19
o
3 /
a

10

5 /

0 pA 4 6 3 10 12

time /s

N
N
Y

o
b

(@) Describe how the acceteration of the sphere chqnges fromt =0fot = 12s.

T
N
G

(D) I:xpLam, in Terms ot the Torces GCT||’\9, Nhy The sphere reaches a constant speed.

N
o
Y4

R
)

(c) Determine the resistive Torce on the sp'here at the ferminat speed.

Mark scheme

e (a) the acceleration decreases o; from about 9.8 m s~2 at the start (the gradien1' is sfeepesﬂ

to zero when the speed is constant (the gradient is 2ero) o

e (b) drag increases as speed increases @ until the drag (plus any upthrust) equals the weight 0

the resultant force is then zero so the acceleration is zero and the speed is constant (Newton's

first law) @

e (c) at terminal speed resistive force = wei9h+ o; 0.050 x 9.81 = 049 N o

12
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I Note: the weight is the total downward force; any buoyant force is included in “resistive force" here.

Quick reference

—, Equations (data booklet)
| v=1u-+at s:%(u+v)t
B s=utt et o= utt 2
___; Projectile (up+): @y = —g.a, =0
Uy = ucosb, uy = usind
— 1 level ground: T' = M H— u? sin® 9' R u? sin 20
g 2g g

—, Graphs

—— s-t: gradient = v

v-t: gradient = @, area = As
a-t: area = Av

Drag: opposes v; terminal speed when drag = weight (@ = 0); projecfile: shorter range, steeper descent

"1-can"checklist

L1 can explain displacement versus distance and velocity versus speed.

I Tcan find acceleration from a tangent and disptacement Trom an area.

11 P 4L 'y 'y i e e d HP 4!
LT LuUmmrehnuoot The Lurrei T ouvul Ub‘uullUll urguse )H:jllb LUIICLI\.Y.
L]

[1 1 can describe the effects of fluid resistance and ferminal speed.

13



