7-2, Lecture 8: Vector Differential Equations

Thursday, July 2, 2020 11:08 AM
Circuits Module in Review...
I. Modeling Circuits with Differential Equations

a. First order differential equations with constant inputs

i. Used transistors and inverters as an application of transients (capacitors charging
and discharging to 0)
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ii. Solved differential equation
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iii. Plugged in circuit values and looked at time constant T’ to solve for delay A
through an inverter

Chvcag LW e (1-e7T) reRe

Aisthwg, VoY < V0D &7

Lecture 8 Page 1



Capadtor Voltage

Capacitor Current

Steady State

Transient Period Period
- -
,,,,,,,,,,,,,,,,,,,, ’
| Percentage of
Ve | Time Maximum
| Constant
| Capacitor Charging | Voltage
Voltage |
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b. First order differential equations with time varying inputs

i. Solved differential equation
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ii. Plugged in circuit values and choose a ("r) =Ve for eigenfunction
properties with derivative operator
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iii. Choose s=jw to make e”st term periodic (as per Euler's Formula)

yot

6 = C,OB( Lo %\ —+ ‘3 sin (U‘\') (proved using Taylor Expansion)
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If we wait long enough in RC time constants, the € ° term will decay, leaving a

periodic steady state of just the g‘j”" term

II. Phasor Domain

soof
a. Defined interesting input signals in €’ basis
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rein(wt ) = "_zl? (Ve - \7&5“1)

Cos it +da) 4 -
Music/bio sensor/wireless signal =, (o> (it * 6,04 (G

b. Navigating Complex Plane with Phasors

Phasor is a complex number

o

re moﬁn\’rwu r e angled

Used to scale or rotate another phasor or function or time
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c. Used Phasor Domain to write complex impedances for inductors and capacitors
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d. Used the frequency dependent impedances Z.and Z. to make first order frequency
filters

i. Examined voltage divider transfer function

V'a -~
. Vn z [}
~J 2\ W o—/— = _—_—
\., a. H(g ) Ui Z, 47
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ii. Plotted magnitude |H[ju| and angle 4H{'&w§ with bode plots
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e. Made second order filters to filter interferers and noise better
i. Second order lowpass ~
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ii. Second order bandpass
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F. Cancelled Imaginary Impedances at the Resonant Frequency
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Today

I. Representing more function in e”Ajwt basis
II. Back to diff egns

a. Second order in time domain
b. Diagonal matrices

c. Diagonalization with eigen decomposition
d. Stability and eigenvalues

I. Representing more function in e*jwt basis

Use linear combinations of e”jwt to represent cosines,
sines, music, wireless communication

5%1/%&;@»0?

y = sin(t);
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y = sin(t) + sin(3*t)/3;

0.8

y = sin(t) + sin(3*t)/3 + sin(5%t)/5 + sin(7*t)/7 + sin(9%t)/9; 06

0.4

0.6

Much like a Taylor Series, can represent sq wave, but |
need infinite sines to do it

11 Could put a sq wave into phasor domain and look at the
AN effect transfer function
| Would need infinite sines to do this
“N\
:7 Phasor domain is not always the best way to examine

functions like a sq wave

II. Back to Differential Equations

A. Second order in time domain

A NE 1\ =1C+12
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B. Diagonal A example =

Q_\
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C. Diagonalization with Eigendecompostion

E s valver

Lore<e. V) |y &MW\

& Elﬁer\\/@ﬁors

AG, = e

A Nar 4\%%\/»\‘»\% N » Ny, = Aq

Create a matrix V of eigenvectors
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v, V. ...
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D. Stability and Eigen Values

178
i. look at QC + for various a
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Look at eigenvalues of matrix A and know if if x is going to grow, decay, or oscillate

ii. Solve for eigenvalues of our second order RC

_(\__ \ \
Ac RC, R,co <,C,
| — |
&
KL (= K‘LCL_
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Solve for the roots of the characteristic eqn
D
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iii. Eigenvalues for LC
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