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Deriving Ek

•From Kinematics 1, v = -vosinωt

• As Ek =
1

2
mv2, Ek is now equal to

.

Ek =
1

2
mv2osin

2ωt

.
Deriving ∆Ep

•We can deduce that ∆Ep has an op-
posite magnitude as Ek, but follows a
cosine2 curve

• As Ek =
1

2
mv2osin

2ωt

.

∆Ep =
1

2
mv2ocos

2ωt

.
• Graphically you can see that Ek and
∆Ep add together to create a constant
value, the Total Mechanical Energy
• This also parallels Pythagoras:

1 = cos2θ + sin2θ

.
Deriving vmax = ωx

1 = cos2θ + sin2θ

sinθ =
√
1− cos2θ

sinωt =
√
1− cos2ωt

ωxosinωt = ωxo

√
1− cos2ωt

ωxosinωt = ω
√
x2
o − x2

ocos
2ωt

x2 = x2
ocos

2ωt so

v = ω
√
x2
o − x2

The maximum velocity is when dis-
placement x=0 so therefore

.vmax = ωx

.
Deriving Ek,max,∆Ep

Ek =
1

2
mv2

v = ω
√
x2
o − x2

Ek =
1

2
mω2(x2

o − x2)

The maximum Ek is when displace-
ment x=0 so therefore

.

Ek,max =
1

2
mω2(x2

o)

∴ totalenergy =
1

2
mω2(x2

o)

.
∆Ep = totalenergy − Ek

∆Ep =
1

2
mω2(x2

o)−
1

2
mω2(x2

o − x2)
.

∆Ep =
1

2
mω2(x2)


