Uniform circular motion and SHM:
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r=Acos(wt) and y= Asin(wt).

r=Acos(wt+¢) and  y= Asin(wt+ ).



Superposition of two SHM
In perpendicular directions:
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a cos(wit + ¢)
b cos(wat + ¢P2)
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— Sin @y — / sin qﬁl) = cos(wt) sin(¢s — ¢1).
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(a COS Qg — 7 cos gﬁl) = sin(wt) sin(¢y — ¢1)
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Straight line Circle

Ellipse otherwise
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Lissajous figures
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Hyperbolic functions

exp () + exp (—x)
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exp (x) — exp (—x)
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Cosh2 €T — sinh2 r =1
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Damped harmonic motion
Resistance Is proportional to velocity.

F =mx =-2rx—-kx

mx + 2rx+kxr = 0
2r k

T T r = 0
m m

i+ 2Bt +wir = 0




Try solution

r = Aexp(7t)

Ay? exp(vt) + 2B Ay exp(vt) + wiAexp(vyt) =0

7+ 2By 4wy =0

v=—BE/B - uf



z(t) = exp(—ft)[A; exp(—i\/wg — [% 1)
+ A exp(i\/wg — (% )]
A = Ay = A/2
x(t) = Aexp(—[t) cos(w't)
= ]k rzgz\/w§_52
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x(t) is real for all time:  z(t) = z(¢)"

AT = A, A=A,
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x(t) = exp(—t)(Acos(w't) + Bsin(w't))

Angular frequency W' = Jwi — B2



Underdamped oscillations
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Acceleration/3




} Underdamped

Critically damped




Logarithmic decrement
§ =In(A,/Api1) = BT




Relaxation time:

Quality factor:

Energy stored:




Example: LCR In series

Find charge on the
capacitor at time t.




Example: LCR In series >

Find charge on the
capacitor at time t.

Q(t) — qiexp(—Rt/QL -

- JR2/AL2 — 1/ LC t)




e Conductor
Example:
K Torsion constant
B Uniform
magnetic
a -
Mass M field B
Square coll

ResistanceR Side = a



®p = Ba’sinb
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____ Flux change:
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Force:
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Relaxation time: 7 =1/ =

Moment of inertia:. [ = Ma*/6




