Constant Acceleration

The Technical Blueprint of Motion

Particle: o
Point Mass System.
Origin (x=0, t=0) a

—o Acceleration Vector (a):
Constant Rate of
Change of Velocity.
Direction: Right (+x).
Magnitude: ||z|| (Constant)

| | 1%
VARIABLE DEFINITION & SYMBOL
Displacement | Change in Position. s = Xfina; — Xinitial- Blueprint Blue (#005A9C) S
Velocity Rate of Change of Displacement. u (Initial), v (Final). Forest Green (#0B6623) | u, v
Acceleration Rate of Change of Velocity. a (Constant), g (Gravity). Safety Orange (#FF5F1F) | a, g
Time Duration or Instant. ¢. Slate Grey (#708090) t

KINEMATIC EQUATIONS (CONSTANT a)

| | >
Position Axis (x)

Velocity Vector (v):
Instantaneous Rate of Change of
Displacement.

Direction: Right (+x).

Magnitude: ||v|| (Constant)

l.v=u+at 2. s = ut + Y%at?

3. v2 = u? + 2as




The Kinematics Staircase

The Core Variables

s (Blueprint B
Displacement

t (Slate Grey)
Time [s]

ue):

m]

v (Forest Green):
Velocity [m s7]

a (Safety Orange):
Acceleration [m s]

(Rate of Change) |

O O

Acceleration

Gradient

Velocity

J Area Under Graph

O

Displacement




Displacement-Time Graphs

S
(m)
40
# | Changing gradient =
30 | Accelerating object.
20
T Gradient = 0. The
object is stationary.
10 1 Gradient =
Constant Velocity

10 20 30 40 t
(s)
Key Averages
Average Velocity = displacemea.'lt from starting point O S i total di.stanc:e travelled
time taken time taken




Velocity-Time Graphs

v (m s
( ) Gradient = Positive

Acceleration (a) Negative Gradient =
Deceleration / Retardation

Total Area = Distance /
Displacement (s)

t (s)

For motion in a straight line with positive velocity, the area under the velocity-time graph up to a point ¢ represents the displacement.



Acceleration-Time Graphs

a (m s™)

Horizontal lines indicate
Constant Acceleration.
(Sloping lines mean
changing acceleration
and are beyond the scope
of this syllabus).

a (m s™)
AN
Area = Change in < &
Velocity. )
2 -
1 4
. > t (S) .

e t (S)

4 5] 06

Negative acceleration
decreases velocity.



The Motion Graph Rosetta Stone

Displacement-Time Velocity-Time Acceleration-Time
(#005A9C s - #708090 t) | (#0B6623 v - #708090t) | (#FF5F1F a - #708090 t)
Y-AXis 0 S .
R Position Speed and Direction Rate of velocity change
epresents
Gradient Velocity Acceleration Rate of acceleration
Represents (#0B6623 V) (#FF5F1F a) change (Jerk)
Area N/A Displacement Change in Velocity
Represents (#005A9C s) (#0B6623 Av)
Horizontal Gl Constant Velocity Constant Acceleration
Line Means y (#0B6623 V) (#FFSF1F a)




The Standard Model of Motion

The SUVAT Sandbox

a (Constant acceleration)

: u (Initial velocity) : v (Final velocity)

Initial position J @ £ (Time) L Position after
t seconds
< | >

s (Displacement)




Geometry Synthesizes into Algebra

Pure Geometry Kinematics
yt /Slopem=% 1) /a=1j;u—w=u+at
b v
a—‘ u
: . o | X O t t
1 1
Area=§(a+b)h s=§(u+v)t




Expanding the Toolkit: Formulae 2

Start Node

i \ 4
Eliminate v by substituting Eliminate ¢ by rearranging to Eliminate u by substituting
into s = Ya(u+v)t t = (v-u)/a u=v-—at

G TS D, R L e Cl R, AR T

1 1l
s=ut+5at2 V2 =u? + 2as s=vt—5at2

These five relationships are the universal ‘SUVAT' formulae. They govern any particle moving in a straight line with constant acceleration.




The Diagnostic Decision Matrix

Missing Variable _ _
(The one you don't care about) Use This SUVAT Equation

Missing s? —> Usev=u+ at

Missing v? - Use s = ut + 1/2at?

Missing t? - Use v% = u? + 2as

Missing a? —> Use s =1/2(utv)t

Missing u? —> Use s = vt - 1/2at?




Problem-Solving Masterclass

Step 1:
Sketch & Orient

Step 2:
List the Knowns

Step 3:
Consult the Matrix

Step 4:
Solve & Sanity Check

Positive Direction

O—C

A

Write values
next to knowns.

Put a "?' next
to the target.

Put an "X’ next
to the irrelevant
variable.

&~ B S & @

Missing s?

Missing v?

Missing t? v? =u? + 2as

Missing a?

Missing u?

v? =02 + 2(5)(10)

v=4+10ms™!

/N

Clean technical sketch with
a clean cacticular particle.

Write values next to knowns.

Put a ‘?" next to the target.
Put an ‘X’ next to the
irrelevant variable.

Use the "X’ variable to
choose the correct formula
from the Decision Matrix.

Substitute values, solve,
and ensure the sign (+/-)
makes physical sense.




Vertical Motion Under Gravity

The Mathematical Model
Air Resistance
Effects |
I
| B
] g=98ms
N\ WV
Turbulent
Flow
Modelling Assumptions
O Object is modeled as a O Air resistance is strictly ignored. O Acceleration is entirely uniform

dimension-less particle. (9.8 m s?) regardless of mass.




The Anatomy Of Turning Point: v =0
Vertical Flight 2ma

p a=-9.8ms?

Symmetry of Flight: Time from projection to maximum height
equals the time to fall back to the projection level.




The Danger of Direction: Sign Conventions

Perspective A: Up is Positive Perspective B: Down is Positive

I g
Z 7777777 "=.__‘ A, 7
7 7
7

ZRE; ZH K
u = Positive (+) 7 u = Negative (1) 7
a=-9.8 Z a=+9.8 Z
s at bottomof 7~ /9 s at bottom of 7

cliff = Negative()/ A, cliff = Positive (+) 72777777777227777777,7.77777.

Core Rule Warning Box

Gravity always acts downwards. You must explicitly choose your positive direction before
writing your SUVAT values. Both choices are correct, but mixing them is fatal.




The Blueprint Summary

The Staircase & Graphs The SUVAT Matrix Gravity Rules
Acceleration Formula Mls‘smg
m Variable v (:)_g_} s
: v=u+at AR l sl i
o ) d
Velocity S o ownwards
'y 1 .o o 0 » - Turning point:
— — 7 J \ :
v\ S ut+2at . : b v = 0 at peak
\' c=1 (u + v)t n \ / O <« - Define positive
2 Positive : direction
ae = 4—>| Direction |&=—»\T explicitly
e
+ 4 ve=uc+ 2[15 Defined i
L Displacement ——
Calculus 1 [ -
Relationships s = vt ——at? Crucial for :
R Tram s 2 Consistent Analysis




