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SHM Kinematics 1 (4.1.5)

= maximum compression point, +z,

= equilibrium point, 0

©EO

= maximum expansion point, —x,

displacement, cm

velocity, cm - s7!

~

ti

m¢,

time,

eAngular frequency, w, measures the

(# of revolutions) per (1 second)

e Remember that 27f = w

eWe denote the maximum displace-

ment as x, (at 0,2,4,6,8 seconds)

e Thus the equation of this line is:
X = X,coswt

eFrom the gradient of the displace-
ment/time graph, we can calculate the
velocity
eWe denote the maximum velocity as
Vo (at 1,3,5,7 seconds)
e Thus the equation of this line is:

v = -v,sinwt

acceleration, em - s72

ti

eFrom the gradient of the veloc-
ity /time graph, we can calculate the
acceleration
eWe denote the maximum acceleration
as a, (at 1,3,5,7 seconds)
e Thus the equation of this line is:

a = -a,coswt

e When displacement increases, accel-
eration increases proportionally and
negatively:

a x -x
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SHM Kinematics 2 (4.1.3)

e When viewed from above, the red ball would supposedly be moving in a circle
e When viewed from straight ahead, if you disregard depth perception, the red
ball would supposedly be moving horizontally back and forth, in SHM. We are

going to be focusing on the horizontal SHM motion.

e If a body oscillating with SHM has an angular frequency of w = 27t and ampli-
tude x, then it’s displacement(x), velocity (v) and acceleration (a) at any given
time can be derived from these formulas:

v sinf

Velocity
distance  27r
- = — =uwr
time t
If v = wr, here we have v = wx,

)
2)
3) The horizontal velocity at displacement x is v = —vsinf
4) Add 2 and 3 we get horizontal velocity = —wz,sind

1) Velocity =

A% v cost

Acceleration

v wer
1) Centripetal acceleration = — = =uw’r
r r
2

For circular motion, a = w?r, so here we have a = w2z,

2)
3) The horizontal acceleration at x is a = —acosf
4) Add 2 and 3 we get a = —w?z,c0s0

Defining Equation
Xg X, sind 1) The horizontal displacement at x is = = x,cosf
: 2) Add 1 and acceleration and we get @ = —w?’x

X, cost
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Kinetic Energy, J

time, s

A C A

' | |

Deriving Fj,

eFrom Kinematics 1, v = -v,sinwt

1
e As Fj, = §m112, FE;; is now equal to

2

1 :
Ej = ~mv2sinwt

SHM Kinematics 3 (4.2.2)

Potential Energy, J

f | |

A C A

P

o | |
Deriving AE,

eWe can deduce that AE), has an op-
posite magnitude as Ey, but follows a

cosine? curve

o As Ey, = §mvzsin2wt

1
AE, = im’l}gCOSth

e Graphically you can see that Ej and
AFE, add together to create a constant
value, the Total Mechanical Energy
e This also parallels Pythagoras:

1 = cos?0 + sin?0

Deriving v,,,. = wx

1 = cos?0 + sin20

sinf = /1 — cos20

sinwt = 1 — cos?wt
WTostnwt = wr,V1 — cos?wt
wxosinwt = wy/x2 — x2cos?wt

2?2 = 22cos’wt  so

v =wy/xZ — 2?2
The maximum velocity is when dis-
placement x=0 so therefore

VUmax — WL
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E, =0,AE, = max
<« C

Ep =maz, AE, =0

Deriving Ej a0, AE,

1
Ep = §m1)2
v=wy\/x2 — 22
E, = §mw2(x(2) —2?)

The maximum FE}, is when displace-

ment x=0 so therefore
1
VT —— imwz(xi)

1
.. totalenergy = imuﬁ(z’z)

AFE, = totalenergy — Ej,

1
AE, = imw2(m3) - §mw2(ﬂcg —2?)



