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Second order systems



Harmonic Oscillator

x(t)

mx′￼′￼(t) = − cx(t)

spring constant

mass m



With Damping

x(t)

mx′￼′￼(t) = − bx′￼(t) − cx(t)

spring constant

mass mdamping 

-> Monday lecture



Quadratic equation



Completion of the Square
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The Physician



Complex Numbers



Gauss in 1825 :   
“The true 

metaphysics of the 
square root of -1 is 

elusive”. 

−1 = i





Euler's Formula



1 + eiπ = 0

analysis

GeometryAlgebra



Peirce
Benjamin Peirce: It is 

absolutely paradoxical, we 
cannot understand it, and 

we don’t know what it 
means. but we have proved 
it, and therefore, we know it 

is the truth. 



Atiyah

"Combining depth with brevity" 

The equivalent of Hamlet's line

"To be or not to be" in literature



Mandelbrot Zoom



Worksheet



Reminders



.2) HW 28 due Wednesday

1)  Point Recovery for second midterm



The End


