The Kinematics Blueprint:
Decoding Motion in a Straight Line

Position / Displacement

Velocity

Acceleration

A graphical and mathematical framework for rectilinear motion.




Stripping the Real World Down to
Point Objects and a Single Axis

The Point Object The Frame of Reference
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Approximation: Size of the object is negligible
compared to the distance it moves. We treat
all objects as geometric points.




Diagnostic Matrix: The Crucial
Differences Between Speed and Velocity

SPEED (Scalar] VELOCITY (Vector)

Net displacement (Ax] divided by
time (At). Includes magnitude
and direction (+/-).

Total path length divided by

Average Value total time. (Always positive).

The reading on a speedometer.
Exactly equals the magnitude
of instantaneous velocity.

Speed plus a specific direction
at an exact moment in time.

Instantaneous
Value

The Paradox: Average speed over a finite interval is often greater than the

magnitude of average velocity. But at any exact instant, instantaneous speed
Is always exactly equal to the magnitude of instantaneous velocity.
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The Calculus of Motion: Shrinking Time to Zero

The Mathematical Engine

Position, x (m)

Time, t (s)

Velocity at any instant is the exact slope of the tangent to the position-time curve.

Step 1
Average Velocity:
AT
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Step 2
The Limit Process:
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Step 3
Instantaneous Velocity:
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Acceleration is the Rate of Change, Not Necessarily "Speeding Up"

Voosiy Nl Accoleraion g

Speeding up in positive direction.
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The Graphical Translation Engine
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The Geometry of Displacement: A Visual Proof

"\

P’ Since (v - vg) = at,
this equals 1/2 at?

X=Vol+ <

Total Displacement (x) = Area of
Rectangle + Area of Triangle.

1

2

“We do not need to memorize the formula

if we understand the geometry.”

t2

& NotebookLM



The Uniform Acceleration Toolkit

V = VO o at Missing Variable: Displacement (x)

x e xo + vot + % atz Missing Variable: Final Velocity (v)

Missing Variable: Time (t)

Condition for use: These equations are strictly valid only when acceleration (a) remains constant throughout the motion.
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Deriving Velocity

LTy :
Start: a = it — dv = adt

Vv i
Integrate: " dv = j;] a dt

Result:v-v,=at—>v=yv,+at

Proving the Toolkit via Integration

Deriving Displacement

Start;v = g—’t(—n»dx:vdt

Substitute: dx = (v, + at) dt

X t
Integrate: : dx = fo (v, +at) dt

Result: x - x, = v t+ %at2




Spotlight on Free Fall

Y-axis (+) Equations
O Q) o
a=-¢g=-9.8 m/s
t=1 v = -9.8t
y = -4.9t?

Point to Ponder

Zero Velocity # Zero Acceleration. If you throw
this ball upwards, its velocity is exactly O m/s
at the peak of its arc. But its acceleration

remains -9.8 m/s?. If acceleration were zero at
the peak, the ball would freeze in mid-air!

Condition for use: These equations are valid for objects in free fall near Earth’s surface with negligible air resistance. & NotebookLM



Galileo’s Law of Odd Numbers

0 T 2T 3T 4T

/

In 16th-century quantitative studies, Galileo Galilei proved that an object falling from rest traverses
distances during equal time intervals in the exact ratio of the odd numbers: 1:3:5:7:9...

Since total distance y = 1/2 g(At)?, subtracting the total distances at consecutive intervals yields exactly this ratio.
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Applied Kinematics: The Physics of Braking Distance

15 m/s The Physics Breakdown
@ Using the equation vZ = v % + 2ax,
20 meters  where final velocity v = 0.
Car A
Solving for distance: d_=-v 2/ 2a
25 m/s
Car B

Stopping distance is proportional to the square of the initial velocity (v,?). Doubling your
speed doesn’t double your braking distance—it quadruples it. This specific equation

dictates school zone speed limits.
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Measuring the Brain’s Processing Speed

The Calculation Engine

E W
« Knowns: vy =0, a = -9.8 m/s?, y = -0.21 m.
« We use the free-fall displacement equation: y = —lgtz
2
d=21.0cm
2d

 Rearranging for time: t = P

2 x0.21

Y I * Plugging in the numbers: ¢ = \/ TR 0.2 seconds.

By measuring a physical distance in centimeters, kinematics allows
us to calculate an exact human reaction time in seconds.
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The Master Blueprint: 1D Kinematics

The Variables & Calculus The Graphs The Constant
position (x) - [Position (x) ‘\/ Acceleration Toolkit

d/dtl Tf dt Smpe ' - 1.v=vy + at
Velocity (v)  Velocity (v) 2. x = xq+ vot + L ats

2

d/dtl Tf dt SIDPEl 2 3. 2 = vg + Za(x — xo)

Acceleration (a)

> t

All rectilinear motion, from falling apples to braking cars,

Is governed by this single blueprint.
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