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Kinematics describes motion: where an object is, how fast it moves and

how its motion changes. It does not ask why the motion changes; that is

the job of forces (A.2).

Everything in this topic is built from three guantities and two links between

them:
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_ | Distance = total length of the path travelled (a scalar: never negative)
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Worked example 7

A delivery Tobot in a corridor starts at § = +6 m, drives to § = ¥22 m,

then turns and drives to s = =4 m. Find (a) its aisplacement and (b)

the distance it travels.

I. Displacement only cares about the start and the end: as = sg,, —

Sinitial = (=4) = (+6).

2. (a) ns = =10 m: the robot ends 10 m on the negative side of where

it started.

3. Distance adds up every part of the path: 22 — 6 = 16 m out, then

22 — (-4) = 26 m back.

9. (b) distance = 16 + 26 = 42 m

PR I R DR R B R D R R R RS

X Mictake

"The robot went 42 m, so its displacement is 42 m." Distance and

displacement are only equal if the object never changes direction. Here it

turns round, so they are very different.

Speed and velocity

Speed tells you how fast; velocity tells you how fast and which way.

Average velocity = displacement / time: V.= AS / at (a vector)

Average speed = distance / time (a scalar)

\
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' Worked example 2

The robot trip in Worked example | took 14 s. Find its average speed

and its average velocity.

2. Average velocity = displacement /[ time = =10 / 14 = =0.7] m s™'

E l. Average speed = distance [ time = 42 /14 = 3.0 m s™'

3. The minus sign means "towards decreasing s". The two answers

differ because the robot changed direction.

L(S = s, + vt (constant velocity only)
_J

On a graph of s against t this is a straight line: the gradient is the

velocity and the intercept is s,. A positive gradient means moving towards

increasing s; a negative gradient means moving the other way.

/30’0¢$-/—VW\

15004 Wnt—=-—35-m-s"
1200% \
900 1 they meet: t = 30 s,?z.zw)m./A

Al : \
2001 tm‘in‘A’:‘g‘mdie‘n’t'=‘:+‘2 Sms™!
|
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\ Worked exampie 3 :
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2. They meet when sy = sg: 25t = [¥00 — 35t -~ 60t = I¥00 - T =

i 30,
! 3. Position: s = 25 x 30 = 750 m. (Check with B: 1300 — 35 x 30 =
i 750 m. V)

Meeting problems

Write a position equation for each object, using the same origin

and the same clock. Then set the positions equal.

Inctantaneoug velocity

A—cars speedowmeter does not sShow the average for the wiole trip; it shows

the velocity wow. To get this, we take the average velocity over a shorter

anad shorter time interval.

7

,T(s-/-m

25+ /
~

20
chord: average velocity //
104 / Bs =18 m
tangent-at-t-=-3:0-s

velocity at one time.
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Worked example 4
Use the graph to find (a) the average velocity from t = 2.0 s to t =

5.0 s and (b) the instantaneous velocity at t = 3.0 s.
). (a) Chord from (2.0 s, 4 m) to (5.0 s, 25 m): v = as/at = (2§ -
6)/(5.0 = 2.0) = 7.0 m s~
2. (b) Draw the tangent at t = 3.0 s. Read two points far apart on
the tangent: (1.5 s, 0) and (4.5 s, 13 m).
3. Gradient = 18 / 3.0 = 6.0 m s™'

P L L T I T e e e e

Tangents in the exam
Use a long ruler, touch the curve at one point only, and pick two
points on your line that are far apart (not points on the curve).

The 1B allows a range of answers because tangents are never

perfect.

Acceleration

-
Acceleration = rate of change of velocity: @ = AV / ot Cunit m

s 2)

Instantaneous acceleration = gradient of the tangent to the v-t graph

\

Average acceleration uses the velocity change over a whole interval. If the

acceleration is constant, average and instantaneous acceleration are the

same. For example, a cyclist who speeds up from 3.0 m s™' to 9.0 m s™' in
4.0 s has a = (9.0 — 3.0)/4.0 = 1.S m s>
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Vv =y + at

s = WBlu + vt

s = ut + Yat?

constant_acceleration nml:l]/ - all are in the data hnnlzlpf)

_J

The idea behind them

You do not need to derive the equations (they are in the data booklet). One

idea behind them is examined again and again: the displacement is the

area under the v-t graph. For constant acceleration that area is a

rectangle (ut) plus a triangle (Yoat?), which gives s = ut + Yrat>.
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rectangle: ut

>

t time

Area under a v—t graph = displacement. Rectangle + triangle gives s = ut + Ysat>.

[ 7] T L4~ 47 "y

parabola / straight I/‘Vy
/ / horizontal_line_______

R VAN .

t t t
gradient——v gradient—=—a--area—=—0s area—=—0v

3 — — —

Ucing the equations

acyv) € atl/oy) PAave 0 one 0
the same:
Equation (eaves out ke it when...
V=u+at s no distance is given or asked for

!gg )! ! !~ . Iy ! lg
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s = ut + Yat? v no final velocity is given or asked for

2 2 o N I s S ) )
Vi — U T Z4US [ 2 vio trric 15 glVEVI or askea 1or

Four steps for every problem

l. Draw a sketch and choose the positive direction.
2. List s, u, v, a, t with signs. Mark the one you want with "?"

3. Pick the equation that leaves out the quantity you neither

know nor want.

4. Substitute, solve, then check the sign and size make sense.

A car mm/img at 0 m s~ accelerates umifnnmly at 2. S m s 2 for 60 s

Eind its final \/plnrif!,/ and the distance it travels

1
1
1 | o Bt — — = 2 o = 2
- Lra ) U, 7, U, 5 d
1
1 — — — 10 100 &~
1 O LA
1
1 2 < — 2 — 2 — =
1 e O
1
1 4 ;; ; !! _ !5E N )!"— !éé‘)g } ’q! ;‘69.—10 A ya
. . . orvrny

1
\

Mo e em em e e e em em em oem em m em em em oem em e mm e em em oem e e e mm em em oem e o e em em mm oem o mw e em mm oem e o e mm mm omm oem Ew Ew m em oEm omm oEm o o
7’ ‘\

' Worked example 6

A train moving at 30 m s™' brakes uniformly and stops in 450 m. Find

its acceleration and the braking time.

Ly = 20, v = {)’ s = C:((); a = 7, t = ? No time gi\/pm — use v: = y?

+ 248

N

0 =302+ 20 x40 . g =-900/900 = =)0 wa s~* (minus:

opposite to the maotion)

2 Time:v=u+at . 0=3230—-—10t . +t=20c¢

PR LR R

Stopping dictance
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A driver needs time to react before braking starts. During this reaction

time the car still moves at constant speed. Then it slows with constant

deceleration.

Choose up as positive - a = —g = =98 m s™°

Then the suvat eguations work for the whole flight, up and down

together.
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/T\+ up

top: v =10
==y = +/1.5m
u_ =Tl l a~="=yatevery point
- \1/ -F y = 0 (balcony)
20 m

y = =20 m (ground)

One axis, one origin (the balcony), up positive. The ground is at y = =20 m.

E Worked example &

A ball is thrown vertically upwards at 1S m s™' from a balcony 20 m

above the ground. Find (a) the maximum height above the balcony,

(b) the time to reach it, (c) the time to hit the ground, (d) the

speed on hitting the ground. (g = 9.8 m s72)
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X Mictake

Splitting the flight into "up" and "down" with different sign rules and then

mixing them. It is fine to split, but in each stage write every quantity

with the sign of your chosen positive direction. With up positive, a is —9.8

m s~2 both on the way up and on the way down.

/vaam—gmrﬁ‘ y

Graphs work for every motion, even when the acceleration changes and the

suvat equations cannot be used. Learn this table:

Graph Gradient gives Area vnder it gives
s against t velocity (nothing useful)
v against t acceleration displacement

Worked example 7

The v—t graph shows a toy car moving along a track. Find (a) the

acceleration in the first 3.0 s, (b) the displacement after 10 s, (c) the

distance travelled, (d) the average velocity and average speed.

\v / m s7!

6 — N

12-m ' \

i
|
|
4 n\
i

|
|
|
1
|
|
t/s
Y i (I } " g\ " |/\
3

2 ' 4 S b 2 7 b j—=
24 stops, turns back

). (a) Gradient of the first line: a = 6.0/3.0 = 2.0 m s™2

N Iy
<
3
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2. Areas: 0-3 s triangle /> x 3 x 6 = 9 m; 3-S5 s rectangle 2 x 6 =

12 m; $-8 s triangle %2 x 3 x 6 = 9 m; 8-10 s triangle below the

axis Y2 x 2 x 4 = G m, so =G m.
3. (b) Displacement = 9 +12 + 9 — G = 26 m

4. (c) Distance = 2 + 12 + 9 + G = 39 m (areas below the axis

count as positive for distance)
S. (d) Average velocity = 26/10 = 2.6 m s™'; average speed = 34/10 =
349 ms™

P R Il e e o e L T
Rl T e e I I I e

To sketch v—t from an s—t qraph, look at the qradient of the s—t qraph at

many times: steep and rising — large positive v: flat — v = 0: falling —

neqative v. To qgo the other way (a—t - v-t), add up the area under the

a—t qraph, starting from the initial velocity.

o/ ms? v/ ms™!
5 i

g
2 ' r 7.0

|
|
I+6.0:
,‘ t/S C}/ \
/234;5575295 /
\

=60 - 1.0 m s™",

X Mictake
Reading the height of a v—t graph as the position. The height is the

velocity. A v-t line that goes down does not mean the object is moving

down; it means its velocity is decreasing.

4 ° [y .
2 Aa

A e O
vrie
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A projectile is an object moving freely through the air after it Is launched,

With only gravity acting (no air resistance I calcalations). The key idea:

W
r . . . .
—The—horizontal-and—vertical-motions—are-independent.
Iavioaintale o — () romnctant velocitu « Merticals a = —p free fall
TTUTTCSUVPICUATl U4 v —r CUVISCUTTC VLo TUCTC U VCeT TGO O NJ T o

_J

dropped g _ _th_.'ro wisideways at=3:0m s’

both fall 1.76 m

in-0.60-s

positions every 0.10 s: same height at the same time

The sideways motion does not change how fast the ball talls.

Why are the motions independent?

The only force is the weight, and it is vertical. A vertical force can change

only the vertical velocity. Nothing acts horizontally, so the horizontal

velocity never changes. (A.2 makes this exact with Newton's second law.)

So we split the launch velocity into components, then use straight-line

kinematics in each direction separately. For launch speed u at angle 8 above

the horizontal (origin at the launch point, up positive):

Horizontal (x) Vertical (y)
initial velocity Ux = u cos B Uy, = u sin B
acceleration 0 =4
velocity at time t V. = U cos U (constant) Ww=usinb — gt

position at timet  x = (u cos ) t y = (usinB) t — gt
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Y Xe

S) 3" 3
s equatiovij.

— l > “top:._ = Vy only

/ W .
i N
ﬁv at launch W f{ﬁing: vy hegative

i, v, is the same all the time
9

Vx hever changes. v, decreases steadily, is zero at the top, then negative. The

acceleration is g downwards everywhere.

——{ourchat-ovowgle-{fevel ground)————

Three results come from the table. Derive them in the exam rather than

learning them by heart:

. Time to the top: v, = 0 — ty5, =usinB/g

\

2. Maximum height: 0 = (u sin 8)*> — 294 — H = (u sin 8)* / 29
3. Time of flight (back to the launch height): T = 2t,,, = 2u sin 8 / g,

and the range R = (u cos 8) x T

Worked example 70
A football 1S kicked from the grouma at 22 m S +at 35° above the

horizontal. Find (a) the components of the initial velocity, (b) the

maximam height, (c) the time of flight, (a) the range. (g = 9.8 m

3~% 1o air resistance)

l. (a) ux = 22 cos 35° =180 m s, uy = 22 sin 35° =126 m s™'

)
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/S =T TN T ‘\
rd =" S~—. S 30° and 60° land together
Vi - o) = N
A= 1S ~——
L/ - Sc AN \
/3 NN

1S°"and"75° land togetlier 45°Tlongest range

X Mictake

Saying the velocity at the top is zero. Only the vertical component is

zero. The ball still moves horizontally at u cos 6, so the speed at the top

is u cos 0 (its smallest value).

(aunch from a height

When the launch point is above the landing point, the flight is not

symmetric and the shortcuts T = 2u sin 8/g and R = u? sin 28/9 do not

work. Go back to the vertical equation with y equal to the landing height

(negative).

Horizontal favnch
0 =0, sou, =0 and ux = u. The time of flight depends only on the height:

—h = —Ysgt?.
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30 m

Worked example 11

ft stone Is thrown horizontally at 3.0 m s " 1trom the top of a cliti 30

m high. Find (a) the time to reach the ground, (b) how far from the

foot of the cliFf it lands, (c) Tts speed and direction on Impact.

). (a) Vertical: =30 = 0 — 4 x 4.8 x t2 _, t2=60/9.8 - t = 2.47 s
2. (b) Horizontal: x = 3.0 x 2.47 = 19.8 m
3.(c)vi=80msv,=0-98 x 247 = =242 m 5™,

4. Speed v = ((8.0> + 26.2%) = 25.5 m s”'; angle below horizontal:
tan ¢ = 24.2/8.0 - ¢ = 72°

\

4.4 r)

1 y ] Py
i Worked example T2
1

I. Up positive: ux = 10 cos 30 = .66 m s ; uy, = —I0 sin 30 = =35.0

m s (downwards).

Z Vertical: =TS = =3.0f — 9.9t S G.9tZ + S.UF =15 = 0.

3 t=[3S0F JSFFGx I xXI3)T 798 = (=350 F I79)79.8 =
T3S,
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Projectile checklist
|. Origin at the launch point, up positive.

2. Split u into u, and u, (watch the sign of u,).

3. Find the time from the vertical motion.

4. Use that time in the horizontal motion.

S. For the final velocity, combine v, and v, with Pythagoras and

tan.

X Mictake

Using the launch speed u in the vertical equation, or using g in the

horizontal equation. Each direction has its own initial velocity component

and its own acceleration (0 across, —g vertically).

(4§

Any object moving through a fluid (a gas such as air, or a liguid such as

water) feels a fluid resistance force (drag). Drag always acts opposite to

the velocity, and it gets larger as the speed increases. For projectiles,

the 1B only asks for the effects of fluid resistance in words. You will still

calculate with drag when a formula is given (for example F = cv?) and in

A.2 (Stokes's law, Fy = é6mmrv).

Falling with air recisfance

|. At the start the speed is 2ero, so there is no drag: the acceleration is g.

2. As the speed grows, the drag grows. The resultant force (weight — drag)

gets smaller, so the acceleration gets smaller.

3. Eventually drag = weight (in air, buoyancy is negligible). The resultant

force is zero, so the acceleration is zero and the speed stays constant:
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the terminal speed.

4(v 4(0

terminal speed 9

/ starting gradient = g

/ N

u
— >

t t

v rises and levels off at the terminal speed; a starts at g and falls to zero.

7

Terminal speed: the constant speed reached when the resultant force

on the object is zero, so its acceleration is zero. For a dense object

falling through air, buoyancy is tiny, so drag = weight. In a liguid, or for

a balloon: falling, drag + buoyancy = weight; rising, buoyancy = weight

+ drag.

e e e e e e e e e e e e e e e e e e e e e e e e e e e e

Worked example 13

Describe the motion of a skydiver at each labelled point of the v-t

graph (down positive).

,ﬁv_(down_f)

l. A: just after jumping, speed small, drag small — acceleration close

to q.

2. B: drag almost equal to weight — acceleration almost zero; close to

the first terminal speed.

EI I R R o Rl R R I N Tl R I ) R SN
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3. C: the parachute opens. The area facing the air is much larger, so

- -

drag is now much bigger than the weight — large acceleration

upwards: the skydiver slows down (she does not move up).

4. D: as she slows, the drag decreases, so the deceleration decreases.

S. E: drag = weight again (resultant force zero) at a much lower

terminal speed, safe for landing.

Projectiles with air resictance

symmetric parabola

-— e o ——
= -

/ \ steeper. fall
/ \ N
with-air-resistance, ~

Zz N\ N
no air resistance

Same launch velocity. Pencil: no air resistance. Red: with air resistance.

Quantity Cfect of air resictance
maximum smaller

height

range smaller

trajectory not a paraoola, not symmetric: the way down Is steeper than

the way up

horizontal decreases during the flight (drag has a horizontal part)

velocity
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acceleration  not constant. Its vertical part is greater than g on the way up

(the drag has a downward part), exactly g at the top (the

drag is horizontal there), and less than g on the way down

(the drag has an upward part). Its horizontal part is

backwards all the time.

cnepd alr)

— e

terminal a long fall approaches a terminal speed imstead of speeding up
speed for ever

the—sarre key words every time:

“‘Ctate what is meant by velocity / acceferation” (1 mar)
v Velocity is the rate of change of position (of displacement).

v Acceleration is the rate of change of velocity.
Always say “rate of change”. “Speed in a direction” or “how

fast it speeds up” will not get the mark.
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‘Explain why the falling object reaches a terminal cpeed”

(2-3 marke)
v A drag force (air resistance) acts on the object, opposite to

its velocity Cupwards when it falls).

v The drag increases with speed, so the resultant force and
the acceleration get smaller.

v Drag becomes equal to the weight (in a liguid: drag +
buoyancy = weight), so the resultant force is zero, the
acceleration is zero and the speed stays constant.

Name the forces and say “resultant force is zero”. The forces

do not disappear; they balance.

‘Ctate the acceleration of the object af the start / at the

top of it flight” (1 mark)
v Itis g = 9.8 m s? (the acceleration of free fall), vertically

downwards, with no air resistance. At the start of a fall with
drag, v = 0, so there is no drag yet and a = g.

v On a drawing, the acceleration arrow is vertically down at
every point; the velocity arrow is along the tangent to the
path.

Write “9” or “4.8 m s™2", not just “gravity”. And never say the

acceleration is zero at the top.

Outline the effect of air resistance on the vertical

acceferation of a projectife” (2 marke)
v Air resistance opposes the velocity (the direction of

motion).

v On the way up the drag has a downward part, so the vertical
acceleration is greater than g.

v On the way down the drag has an upward part, so the

vertical acceleration is less than g. At the very top the drag is
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horizontal, so the vertical part is exactly g.

Compare with g every time: “greater than g” and “less than g”.

“Deccribe how air resictance changes the path of a
projectile” (2-3 marke)

v The range and the maximum height are smaller.

v The horizontal velocity decreases during the flight, so the
path is not a parabola: it is not symmetric and the way down
Is steeper than the way up.

v Time of flight: thrown horizontally or downwards it is longer;
thrown upwards, think about the vertical forces before you
answer. A long fall approaches a terminal speed.

For each quantity, give the effect and one reason in terms of

the drag force.

‘Determine the distance / the acceleration from the
velocity—time qraph” (2-3 marke)

v Distance (displacement) = area under the v—t graph. For a
curved line, count squares or split into simple shapes; say what
one square is worth.

v Acceleration at one instant = gradient of the tangent to
the v—t graph at that time.

v Show the working on the graph: the shapes you used or the
tangent with two far-apart points.

The first mark is for the method (“area” or “gradient of the

tangent”), so write it down even before you calculate.

Chow that the speed (or time) ic about ...” (1-2 marke)

v Write the equation you use (for example v = u? + 2as) with
every number substituted.

v Give the answer to one more significant figure than the

© 2026 Ahmed Gomaa - HL Physics Notebook - A.1 Kinematics notes - Not affiliated with the IBO - page 23 of 25



value in the question (at least 3 s.f.).

The answer is already given, so the marks are for the working. A

(4

bare “= 4.3” earns nothing.

Va ) I A i
Common mistakes

X Ten traps in A.-1

l. Writing “gravity” for the acceleration. Write g, or 9.8 m s~ downwards.

2. Using v = u + at or s = ut + Jrat®> when the acceleration is not

constant (with drag, or on a spring). These equations need uniform

acceleration; otherwise use graphs or energy.

3. Saying the forces are zero at terminal speed. The resultant force is

zero; weight and drag are both still acting.

4. Saying “air resistance increases” without saying why. Write “drag

increases with speed”.

S. Forgetting buoyancy in a liguid. Falling: drag + buoyancy = weight.

Rising: buoyancy = weight + drag.

6. Drawing an extra “force of motion” on a free-body diagram. A moving

object has only real forces on it: weight, drag (and buoyancy, normal

force, friction if present).

7. Saying air resistance makes the vertical acceleration less than g all the

time. It is greater than g going up, exactly ¢ at the top and less than g

coming down.

8. Assuming air resistance always shortens the time of flight. Thrown

horizontally or downwards, the time of flight is longer.

9. Using a chord between two points to find the acceleration at one

instant on a curved v—t graph. Draw the tangent at that instant.

10. In a “show that”, writing only the rounded answer from the question.

Substitute fully and give one more significant figure.
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Exam habits
Draw a sketch and mark your positive direction before you write

any equation. List s, u, v, a, t with signs. In projectiles, find the
time from the vertical motion first. Give final answers to 2 or 3

significant figures with units.

Practice next

You have read the notes. Now practise, in this order:

. Levelled practice: first a % at Level 2 in every topic (the
goal), then Levels 3 and 4 for a 6 or 7. Hints and worked

answers help you as you go.
2. 1B-format practice (Paper 1A - Paper 2): timed, one
attempt, and your report goes to your teacher. Do these

when the practice goal is reached.

© 2026 Ahmed Gomaa - HL Physics Notebook - Original material. All rights reserved. Free for personal
study. Teachers: please ask before sharing or printing for a class.
Not affiliated with or endorsed by the International Baccalaureate Organization.

© 2026 Ahmed Gomaa - All rights reserved - Free for personal study - Not affiliated with the IBO

© 2026 Ahmed Gomaa - HL Physics Notebook - A.1 Kinematics notes - Not affiliated with the IBO - page 25 of 25


http://localhost:8830/a1-practice.html
http://localhost:8830/a1-paper1a.html
http://localhost:8830/a1-paper2.html
http://localhost:8830/about.html#contact

