Name

MAE 340: Test I

1

February 11, 2003

Number 1-20 are 4 points each; Questions 21 and 22 are 10 points each

Answer questions 1-10 based on the following problem statement:

A system is modeled by the differential equations

% =3(x, — %) +11(x, — x,) + 2F, () + 5F, (t)
¥, =—4(%, — %)~ 25(x, — )+ SF, () + F; (1)

where F (1) and F,(t) are inputs. The outputs for this system are defined as
N =6(x, —x)+2(x, — %) , y,=3%—x, +4F()+2F,(t)

Write the state-space and output equations for this system in the standard form

1.

g=Aq+Bu , y=Cq+Du

The size of the A matrix is: :
(@) 4 x 2 b 2x4  (©2x2

The size af the B matrix is:
(@4x2) M4x4 ©2x2  (@2x4

The size of the C matrix is:
(@4 x2 b)y2x4 ()2 x2 d)4x4

4. The size of the D matrix is: o
@)4 x4 (b)4x2 (©)2x2 (d2x4
5. Writea stéte vector for this system: %
6. Write the input vector for this system: A
7. Write the A matrix for this system: N - g F,
o o t 0 S
0 o 0 { 1/\(‘-')
-t -3 3 A - -
75 5 4 -4 | e
8. Write the B matrix for this system: !V%

(e) Other
(e) Other
(e) Other

(e) Other

~
)



9. Write the C matrix for this system:,

| (¢ ¢
C = C= !
L. |
10. Write the D matrix for this system: ‘
’(" 6 o)) !f‘ O 0 )
0 - [6 =
] / L
L4 ¢ B ; L4
, . L ) 2 _ -1t i4-20
A system’s characteristic equation is given by: s°+2s+5=0 [ -
‘ y ” >
/
11. Write -the general expression for the homogeneous solution: . - + 2 .
) - 4 A4

%, (D)= Ce s (24 + 9)

_12. The time constant of the homogeneous solution is: e ; o
(@ 1 sec (b) 71 sec (©) ¥ sec (d) Other (e) Not enough informatibn

13. The settling time of the homogeneous solution is:
a) 1 sec (b) 2 sec (©) 4/3 sec

14. The period-of the homogeneous solution is:
a) 1 sec @ (©) ¥ sec (d) Other

15. The value of the solution att = 1 sec is:
a) 0.37 (b) 0.02 () 0.63 (d) Other

(e) Not enough information

(e) Not enough information

e

@nough informatD

"~ 16. Assume that3 tem is modeled by X+ 3x+10x =4sin3t. The system is:
(a) Unstable ( (b) Stable (c) Marginally stable (d) Not enough information to know
17. Assunie that a sys’tem is modeled by ¥ +18x=0. The system is:
(a) Unstable”  (b) Stable (o) Marginally stable) (d) Not enough information to know

~Assume that a system is modeled by ¥—2x—12x=¢*. The system is:
(a) Unstable ) (b) Stable (c) Marginally stable (d) Not enough information to know



19. A system is modeled by X+ 7x+12x =40 The settli i the system is: 5 - 'j’tﬂ‘?“ﬂg
(a) 3 secs (b) 1 sec (© 1/3sec ( (d) 4 sec (e) Other I 2
[$avaw,

. : . --*i1l-3
20. The particular solution for ¥+2x+x=2t+5 is: , ~ PR ?
@ x,= 6t+7 (b) x, =2t+1 (c) x, = 2t+5 (d) Not enough info
. (e) None of the above A,( z () ™ _C 2 j ) ¢, =k

i (7_'5 4

21. For the system shown fmd the ordinary differential equation model.

c:rf':s T f‘m"" | ~%:§\{)St+?d*n ,nt hoce (;g\fﬁ)
> kg A 'i"xg i{imév\‘f‘ \K‘) A{L - FOS;VHW‘ 0_‘# P G4LEE m)} My
Sl
4'2.; bl wnghret Jméj »3‘3& TN "\
. ,.__.L K
M zfr ' _
y, =0 &7 T=0

o g b ode
iAﬁﬁ‘i’:c“?”zzimﬂ TTAA ;“‘.‘ I

M, = amx o) PR () - (1, 2)

.ML(K)/ = M}a-— [47/(7(7: 7(5 ~ k,(fX’;'&A

22. Sketch the solution of 4x+8x+104x =8 for the time period t =0 to the )é H’b *‘m z
settling time, with x(0) =10 and x(0)=0. a

z
L a kRt D Ko Aol
{',17' X 4 L Flen 7 [ ’)((ﬂ: C‘(:’ *S‘N\(Sk‘l‘@ 'f;i
“ot JA-h o
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Name

MAE 340: Test I February 11, 2003

Answer questions 1-10 based on the following problem statement:

A system is modeled by the differential equations

X =11(x, —J'c1)+3($c2 —x,)+5F,(t) + 2F, (1)
X, ==25(x, = %) —4(x, —x,) + F, (1) + 5F, (¢)

where F| (1) and F,(r) are inputs. The outputs for this system are defined as
N=2x, —x))+6(x, - %) , y, =4x —x, +2F,(t)+3F, ()
Write the state-space and output equations for this_ system in the standard form

1. The size of the A matrix-is:
@2 x4 _ (©2x2 (d) 4 x 2 (e) Other
2. The size of the B matrix. i
. (@2x4 ﬂ ©2x2  (d4ax4 (e) Other

3. The size of the C matrix is: '
@4x2  B)2x2 (d)4x4 (o) Other

4. The size D matrix is: .
@ (b)2x4 (©4x2 (d) 4 x 4 (e) Other
‘ "% X,
5. Write a state vector for this system.:% ;) 72‘ E e ¢ :g x,
Vi U 7'(1 r
6. Write the input vector for this system: 3 ) , XL T { [
, - e Fz,
7. Write the A matrix for this system:
N | o 1 ¢ 0 o o 1 o
,,‘~3,~m,$’s "“% i U P | I B fﬁﬁ 1o 0 |
g b A=l o o | BRI
6 4 25- ~4 -25 4
8. Write the B matrix for this system:
0 0

0
§ 1 _ |0

B= ] o o R-=1 ¢
N 5



9. Write the C matrix for this system:
(-7 -6 LG
C=]. 4 0 0

10. Write the D matrix for this system:

—
N
ro
-
S N

.
> e
o
- J

. )
[ U ¢
N = LZ 2
- L, =
s . 4t -5
A system’s characteristic equation is given by: s’ +4s5+13=0 Ve Y
M2

11. Write the general express.ion for the homogeneous solution:
24 Iy
X, (1= C e s (3% + 7)

. +12.The time constant of the homogeneous solution is: o
(a) 1 sec (b) 7 sec (d) Other (e) Not enough information
-13. The settling time of the homogeneous solution is:
a) 1 sec (c)4/3 sec  (d) Other (e) Not enough information

14. The period of the homdgeneous solution is: :
a) 3 sec (b) 7 sec (o) ¥z sec (d) Other " (e) Not enough information

15. The valqe of the solution att = 1 secis:

|

2

a) 0.37 (b) 0.02 (c) 0.63 (d) Other @t‘;):g-h informat@ :

] sume that a system is modeled by ¥+ 3% —10x = ¢ %. The system is:
((a) Unstable } (b) Stable (c) Marginally stable (d) Not enough information to know

17. Assume thata.system is modeled by X+ 6x+18x = 4sin3t. The system is:

(@) Unstable ('(b) Stable (c) Marginally stable (d) Not enough information to know
18. Assume that a system is modeled by X+12x =0. The system is:

(a) Unstable (b) Stable (c) Marginally stable ) (d) Not enough information to know

PARY



9. A system is modeled by X+ 5x+ 6x=0. The settling time of the system is: ct 1514
@ (b) 1 sec (©1/2sec  (d) 4 sec (e) Other S, '  —

I)Z. B 2
-9

0. The particular solution for ¥+ x+x=6¢+13 is: p -:Z : *"2/ —3
m (b) x, =2t+1 © x, = 6r+13 (d) Not enough info

(e) None of the above o = (¢ 4 ¢ 2 c. =6

= AV lll‘\l ~
f’ = ¢, 5 Z(3-6 =7
nft

21. For the system shovf nd the dmary dlfferent|a| equation model.

% ; (NN
ka “‘J"c‘ / Aley ‘14{,”4 e f\@rﬁfi’“‘zm o*?fmi%;‘ /m) My

i i ) *
) ’
W X, =0 ot 2

Kz Ay ngé‘ve’\’e bed }* ‘

Iﬂ‘

z iij;ag}*?t?w\ ot hege x“sr\fsu&)

1
@ o m|&l:m.%*'<z(?< %) -k (-2) = b5 (5-%))

oA , |
@ mz%b — /V\La - )<1("Xl'?<,>

- 22. Sketch the solution of 4X+16x+80x =8 for the time period t =0 to the
settling time, with x(0) =5 and x(0)=0.
[

Kt 4x £20x=2 =) Ka o
I rerys o e = 2 s
S - 41— lo-g0 ~ : S 6 7m

- - > <)t 3 ~ [
)2 w/;)-:— Lt 4/\ (',,,10& = 7z = /.5-3L $ec s






Name

MAE 340: Test I ‘ February 11, 2003

Number 1-20 are 4 points each; Questions 21 and 22 are 10 points each

Answer questions 1-10 based on the following problem statement:

A system is modeled by the differential equations '

%, ==25(k, — ) —4(x, — x,) + F,(t) + 5F, (1)
11(x, — %) +3(x, — x,) +5F, (t) + 2F, ()

X,

where F(t) >and F,(2) are inputs. The outputs for this system are defined as
Y =4x, —x)—(x, —x)+2F,()+3F,(t) , y,= 25rik 6x,
Write the state-space and output equations for this system in the standard form

gq=Aq+Bu , y=Cq+Du

1. The size of the A matrix is:
(@axd) ®2x4  ©2x2  D4x2 (o) Other

2. The size of the B matrix is:
(@2x4 - (b)y2x2 d4x4 (e) Other
3. The size of the C matrix is: ) . A |
(@2x4) M4ax4  ©4x2  @D2x2 (o) Other

4. The size of the D matrix is:

(@) 4 x 4 (b) 2 x 4 ©4x 2 @2x2) (o) Other

LY A
5. Write a state vector for this system: % - {h or - .7.((
J o+ 1
| ?)L X
6. Write the input vector for this system: 22,, f,i,f
w=§ B
7. Write the A matrix for this system: - (F '
ol ot oY) / o 0
s,,ujw 4 4 W -4
™ b o 0 ©
4 drdton | "33 -l S

D&. Write the B matrix for this system:
| 0

o

A=14 -2 25 g¢ K A=
i

8-

N = C
o
PN
0
MNo~Q
oo



9. Write the C matrix for this system: f
(=" 4 4 | —
L, 0 0 2

10. Write the D matrix for this system:

e A
— & -
Q'Lo O

A system’s characteristic equation is given by: s +6s+10=0 /

11. Write the ggneral expression for the homogeneous solution:
’ —— v?* '*\' "/
'XH,(;(\) - C"ﬁ Sm(i(‘ 1 @

12. The time constant of the homogeneo ion is: .
(@) 1 sec (b) 7 sec (c) V2 sec (d) Other (e) Not enough information

13. The settling time of the hamageneous solution is: ' Co
a) 1 sec (b) 2 sec @ (d) Other (e) Not enough information
14. The period of the homageneous solution is:
a) 3 sec (b) 7 sec (d) Other (e) Not enough information

15. The value of the solution att = 1 secis: T \
a) 0.37 (b)0.02 = (©)0.63 (d) Other (e) Not enough information
: )

16. Assume that a system_ is-modeled by X +4x = 0. The system is:

(a) Unstable  (b) Stable ©) Marginally stable’) (d) Not enough information to know
_ A \mev that a system is modeled by ¥ —x+12x=¢e™>. The system is:
(a) Unstable ) (b) Stable (c) Marginally stable (d) Not enough information to know

18. Assume that a system is modeled by X+ 2x +12x=6sin 2¢. The system is:
(@) Unstable ((b) Stable (c) Marginally stable (d) Not enough information to know




19. A system is modeled by X +4x+3x= he settling time of the system is: -4t ’/Q,,z, |
(@) 2secs  (b) 1 sec (©) 3 sec (d) 4 sec (e) Other ’5" 5 - 5

J
’ . -4t
20. The particular solution for ¥+3x+x=2t+13 is: - j;_Z: ~ -
@ x,=6t+7 (b) x, =2 +1 (© x,=2t+13 (d) Not enough info L /
(e) None of the above YX, = C, k f‘C» 7 Cl =7
C, g L =363
21. For the system shoan fmd the ordinary differential equation model.
7(1 - Q 19~+ %‘30 .2. —;;{;‘;5@»35'%}*{3}\ o"i }‘33!’;‘& “ws{u’ﬁ)
4)_,u § ; i A .
6\'% AgreTehed : X, X, = prt Than s% Ratses am, i,
) ! ) 2 \’ -
?j T .
x.! \\u\cs fi+€,{" (9 k
! N Pu"?‘
f.:":.’:.ﬂ

j ‘%F [ tement

S\W\L | , [\/\L;XOL: {/\L("x"fx,) ~ml?{

\;“ﬁ—},\ M-l:il. - [(A%'XB r LA(}-*'\ i N‘A
.\‘ ,i‘ | | : U

- k) (X~ %)

22. Sketch the solution of 3Xx+12x+120x =6 for the time period t =0 to the
settling time, with x(0) =20 and x(0)=0.

. ' - =) Ky - l
B 2.8 [T

- - ¥
yr T ~ = 256 | Peied - o = .05 s

oA
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