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Problem 4, continued... To answoer parts (0) and (d), [ wrote the MATLAB script shown
below. T put in various values of ™ (dfh() specifving wn and zeta), and the function
caleulates the “magnitudes”™ (Cu and Cwn) for the 1-order and 2" order parts of the unit
step response. Then [ plotted the absolute value of the ratio of the two vs “a™ on 2 log log
plot | decided that one response “dominates™ another when there is a factor of 10
dillerence between them, and those particular vatues of “a™ arc labeled on the plot at
right, below. The plot would look somewhat different i zeta were changed! 1 thoughi it
was interesting it was nol stply a straight line (but instead “breaks™ at a=10),

fometion [Ca,Cwnl - step3nelsiaawn, zeta);

S Tunction [ Ca,Cwn] = steplpoleia wezetal;

o

S Take inpots @ fzero locetion), wo and vet Outpnts the magnifides of the |starder
e part of e tinse reporse (Ca) and of the 2nd-order part {Cwny. Also plots the two
S cortributions { Tst- and 2ud-ordery and shows how they add o ona another.

# Prob.ens Set 3, problem < wses nominal Magn of 1st- and 2nd- order parts vs "a" {w =10 rad/s, £=.5)
Haoas L wn= I zetas §; . il

Al =iwn~ il et wn w21 ot

m2 ctla ;ﬂ" sl

BRI RSRERIIS] \i\r\PS

[n.dd] -[.(]I.lhl(l'l.] FIEmA . \{\}

tropleresiducindy,

ad [enwn=| oz

forn 1:4

1 sreal{priny]
IEpinj==4, pz=n:
exe. i end

olse
T pwe i,

end

endd
tor[own pa e
[pwn m py])-

2= AT pi 2| 2 L -pi Y],

A onlein B nzu, () When a 95 sec, the F-order part
Cwn= sqrif AFA -~ (1 B-zeto®wn Al wn v 2, ol the step response 1s 10x the

La=rfd; magnitude of the 2" order part, so:

d2 conv(fL-pel)) ] -ni2 -

ImaxTRan . absi b :Lalu e m‘_l; @ = LY a good range.

[v 18] impulse(tin? d2)imex:

L 22 impulseftn L -pi) [l (d) When a=32 see't. the 2" order part
T parel T, elf 18 10x the magaitude of the 17-order
pl=plotit vl w2 k") i

set(pl LineWiduy,2): hold on part. ”;.;7 18 my choice.

lotle] oyl w2 k-

ploatftl w1 ")
PoI2w 2, -y arid un
bepenad (' 0o =0y Ty 2000y Ty 2t Oy 2 =,
wthe['a " oum2sieia) Lwomepa no- L

min2strown oradssy tacta 0 num2strizeta) V)
slabel{ e 57

wlabelunit step response',



unit step response

{(dy Tlere are my MATLABD plots,

a=l.m =10 (radis) =05
which were all generated using ’

251
that code on the previous page.
You can got that nm-{ile from a
. . T
link on the 2,14 Problems Sets i
pagce ol our websile. il SR
a1
e : P (0=1 vy (L, )
I 17-order dominates when N B / Ve (0= T4y [y (L |
RN T T = )
| Al slow™ compared c ——= ¥y, H
- T I
Uowith 7y, plot shows case ¥ (0 [
l -~ o v i
U where o =] I ) S e 1
[ — {] 2 4 f
a- 10w = 10 (radis), {= 0.5 time ()
1.3
e [Tt i
. I I Both 1= and 2™- order poles I
I : I
/ AN H contribute to the total response |
0.5 i approximately equal measure |
P Fowvhen ol s near the same I
0* : e P Foto |
— YViitE Ty Uy, ) | frequeney as 7y @ - 10) i
] .- __
——— ¥, {tiy lf'
v, {t L
——— y,itl ||
15 —= = .
o 02 04 06 08 1 a=32.m =10 (radis]. L~ 0.5
tme [s) 1.5
1 v
. T
V2™ order dominales when . 5 05 -
T e >
SRENE fuxt™ compared u e
gt I = T =
Fowith 20 plot shows case o : i
] n- PROTTIOTS | 2 C o Ty |
Tyentys 1y - 371 - s 4 T
I where oo ! : 0.5 e Y N
I
________________________ : 1 / 5"'1{1} E_
- |
——— v{} !
A 1 T I
0.2 04 0.6 0.8 1
time (s}

() In the intermediate case. would wse the same metrie for settfing tme as Tor the 2™

order poles, alone. The tine constant for the 1-order part (tau 1) is half that of the
decay envelope Tor the sccond order system (given zeta 5) so 1t dies ol T much more
rapidly. Also, the magnitude of the 2™-order sinusoid 1s somewhat smaller than that for a
umit step response Tor Ue 2™ order system wioul the addition pole at s=-a, so using the

estimate Ts - zeta*ywn should be reasonable (and slightly conservative).
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