Final Exam Practice Problems — Answers

Math 240 — Calculus II1

Summer 2015, Session 11

Linear Algebra

1. (a) {(0,0) € R?}
(b) {(—t,4t,t) e R3:t € R}
(©) {(1,2,4) e R’}
(d) This system is inconsistent.
(e) {(—=1—2s—4t,s,—2—3t,t) € R*: 5,t € R} (Answers may vary.)

2. x(t)=(3—-2t,1—1t,1)
3. (a) =7

(b) 29

(@ —2

4. (a) The inverse of this matrix is

(b) This matrix is not invertible.

(c) The inverse of this matrix is

-3 0 —4
-2 1 =3].
10 1

5. (a) Answers may vary. Correct answers include
{vi,vs} and {(1,2,1,3), (0,1,4,1)}.
(b) Answers may vary. Correct answers include

{v1, vo, v4} and {(1,1,1,1,1), (0,0,1,3,0), (0,0,0,1,0)}.
6. One method of verification is to compute
det ([Vl VQ]) =

and note that it is nonzero. Then

(2, —1) = 5V1 - 3V2.



7. Abasis for Ker(T") is {(—2,1,1)}. A basis for Rng(T") is {(1, —2,3), (0,1, —2)}. (Answers may

—40
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4 60 22
—60 4 40
0 0 4
0 0 —60
35 o0 o0
[2 8 —3}_[0 0 0]

vary.)
1 -2
8. (a) [3 0]
—12 -18
(b) [ 9 13}
5 1
9. [_1 5]
10. (a) False.
(b) True.
(c) True.
(d) True.
(e) False.
More Linear Algebra
-3 2 1 0
-2 -3 0 1
0 0 -2 -3
12. 2 =2y +2=0
1 0 3 05 —1
Bo@s|yy A+l 5 -
b) (23 +72+3) — (23 + 722 +3) —(
14. (a) This is a basis.
(b) Not a basis.
(c) Not a basis — C%(R) is infinite dimensional.
1 0 9
15. 0 =5 0
—1 0 0

16. We can see from the definition that 7" takes a 2 x 2 matrix as input and produces a 2 x 3

23— 2% —x)+ (23 + 622 —82) =0

matrix. Now we check that it preserves addition and scalar multiplication:

)
|

([

b1 as
d1:| + |:62

by
do

D=l

ai + as
c1+c2

b1 + b2
dy + do

al + a2
c1+ ¢

ai +az
1+ ¢

ai + az — by — b
c1+cy—dy —da



ap by az ba|\ |a1 a1 a1 —0b az az az— by
T([q dJ)—FT([Cz dz]){ﬁ c1 01—d1]+[62 &) 02—d2]
_ air+ay a1 +ay a; —by +as — by
cit+ex cate c—di+ex—do’

Since these results are the same, addition is preserved. For scalar multiplication,
a b sa sb sa sa sa— sb
T <S [c d]) =T <[sc 3d]> N [sc sc  sc— sd]

o7 (1@ b _ gl a a—b| |[sa sa s(a—Db)
c d|) “le ¢ c—d| |sc sc s(c—d)|’
Since these results are the same, scalar multiplication is preserved. Thus, T is a linear trans-
formation. This transformation has a trivial kernel because if

a a a—b |0 0 O
c ¢ c—d| |0 00
then ¢ = 0 and ¢ = 0, hence also —b = 0 and —d = 0. One basis for its range is
1 10 0 01 0 0O 0 0O
0 0 O/”|0 0O O|”{1L 1 0/”10 01 )
17. (@) A=4,4;v = (3,2)
(b) )\1 = 2,2;V1 = (—1, 1,3);)\2 = —3;V2 = (—1, 1, —2)

-1 -2 =2
18. 1 2 1
-1 -1 0

19. k=1lork=5

20. The matrix is not diagonalizable; its Jordan form is

5
0
0

O = O

0
1
4

Differential Equations

1. Convert the given equation into a first-order system of equations.

;|0 1 0 ly

(a)x—[_4 4 X + cost'WhereX_ J
01 0 y

(b) xX=| 0 0 1|x,wherex= |1v¢

-1 10 y”



10.

11.

12.

13.

14.

15.

3ty -t
1| e +e
- x(t) =3 [56375 + e—t:|

X(t) = cret cos 2t 4 el sin 2¢
= 1% lcos 2t + sin 2t 2% |sin 2t — cos 2t

5cost 5sint cost — 3sint
_ 1 —t 3 -t _ ot
x(t) = 5¢ {2cost+sint} 5 [ZSint—cost] € [cost—sint]
2] 2t+1 2c1 + ca(2t + 1)
ot t _
x(t) = cie |:1-+626 [ ; ]—e [ eLt ot
B 3] 3t+1]  [3c1+ (3t +1)
x(t) = [—1_ te [ —t } - [ —c1 — cat
[ 2] V2 cos /2t V2 sin V2t
x(t) = cre™? [ =2| + coe? sin v/2t + czet — cos /2t
| 1] V2 cos /2t — sin /2t V2 sin V2t + cos V2t
[ 1] 4 4t + 1
x(t)=cre | 0| +coe™ | =2| +cge | -2t
| —2] —4 —4t
@) y(z) = c12? + coz™?
(b) y(z) = c1 + oV + cgzV7
(a) A(D)= D?*(D—1)
(b) A(D) = (D —7)*(D? + 16)
() A(D) = (D —4)*(D? —8D +41)D?*(D* + 4D + 5)3
(d) A(D)=D?+6D +10

4 4

T cos2x + coe” *F sin 2x

)
)
) = c1e7 %% + c9e?® + cgze®
)

(e) y(t) = cq cos2t + cosin 2t + (%t _ %t?’) cos 2t + (%t n %ﬂ) sin 2
t) =cre ™ + cote™ + L3eH — L

(@) y(t) = (2 —t)et

(b) y(t) = €' — cost

y(t) = 16 cos 3t + 12sin 3¢ — 16 cos 2t

@) y(z) = (c1 +cat)e® + 445/2 3¢

(b) y(x) = c1e® + cowe® —e*Inx



