Motion in a Straight Line - Concept 3

Kinematic Equations for

Uniformly Accelerated
Motion — Derivation

Two Tracks to Truth: Graphical Geometry
and Analytical Calculus.
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Displacement (x) =

Area of Rectangle
4

Area of Triangle
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By substituting the acceleration constraint into the geometric
area, we derive the exact parabolic displacement formula.
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Calculus Derivation: Velocity (Example 2.2)

a = dv/dt - dv = a dt

d £ d.t Note: ‘a’ is pulled outside the
V g a integral because it is constant.
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Calculus Derivation: Displacement (Example 2.2)
v = dx/dt —» dx = v dt
dx = (v, + at) dt
fdx=f(v@+ at) dt

X T
dx = fe i + at) dt

Xo

i - el 3B - 1_.>
X — Xg = Vot + zat X = Xo + Vot + Sat
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(V2 = v,2)/2 = a(x - x,) |v* = v,* = 2a(x = X,)
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Standard Forms General Forms
Assuming initial position x, = 0 Assuming non-zero initial position x, # 0
V=V@+at v=v@+at
E 2 1 2
x=v@t+iat x=x@+v@t+iat
v = v,?2 + 2ax v = vy? + 2a(x = X,)
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/\ TRAP ALERT

These equations hold ONLY for constant
acceleration — unlike the always-true instantaneousf’
definitions v=dx/dt and a=dv/dt. Every quantity is [’
algebraic: substitute with correct signs.

a = constant x = variable
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€) Key Takeaways

Same three equations from area-under-curve
or calculus — valid strictly under constant
acceleration, with every sign applied correctly.

V=vy+at | x=vyt+ (1/2)at? v2 = v3 + 2ax
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