APMA 308

HW #9

5.4:2;3a,b; 8

4.1:1;8;11a;18b, d; 20a, b; 27b, c; 30
4.2: 2b, e; 5b; 15b;

2.4

5 11 2 X ) ,
2 @ 11xX° +4xy+14y" -60= [x y]| » 14 y | —80. From Exercise 6(b) in

1 -2

11 2 15 0 V5 5
SectionS.S,Ct[g 14]C=[0 10],wherec= 2 1 |,sothegiven

V5 VB

0

] 15 X 15 0 X'
equation becomes {x y]C 0 101 C y ~-60=0,0r [x v 0 10 -60 =0,

y’
X:2 12

[X’] t{x] 2 2 _pnia X L YT -
where y' =C y . Thus 15x< + 10y'“ =60;ie., 4 + 76 =1 Thegraphisan

ellipse with the lines y = 2x and x = -2y as axes,
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a=2b=+6 a=v3 ,b=46
Figure for 2(a) Figure for 2(b)

3 1 X
(b) 3x° +2xy + 3y - 12= x vyl [1 3”y} - 12. From Exercise 6(c) in Section
R
V2 V2
1 1

V2 V2

530‘{31}0—{40} h = i i
.3, 13 =10 2| whereC= . S0 the given equation

X

4 0 t 4 0 x'
becomes [x y]C|{ g o | C y -12=0,0r X y] | g » y' -12=0,

A [X,} t {X} 2 2 e X2 yP ;
where | 1] =C yl- Thus4x< +2y'© =12/ie, 5= + 5~ =1. Thegraphis

an ellipse with the lines y = x and y = -x as axes.
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. [ 1 -8][x
© x2® -6xy+y® -8=[x y]l -3 1 Hy} - 8. The symmetric matrix has

eigenvalues » = -2 and ) = 4 with corresponding orthonormal eigenvectors

1 -1 -1
V2 N 1 -3 20 NN
1 |and| 1 |, s0C'| 3 1]C= [ 0 4}, where C = { {
N N V2 \2

-2 0 X
the given equation becomes [x y]C[ 0 4] ct {y} -8=0,0r

, SO

[ -2 01X X' X

Xyll o ally]-8=0where vl = ct yl. Thus -2x2 +4y? =8;ie.,
X2y

4~ t+72 =1. The graphis a hyperbola with the lines y = x and y = -x as axes.
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a=12 a=1v56 b= 52
Figure for 2(c) Figure for 2(d)

4 21|x
(d) 4x% +4xy+4y° -5=[x y] [ > 4 ] {y] - 5. The symmetric matrix has

eigenvalues A = 6 and A = 2 with corresponding orthonormal eigenvectors

X

1 -1 1 -1
V2 V2 42 60 V2 V2
1 |and| ;SOCI{Q 4]C= [0 2],whereC= \/1_{ , SO
vl Lz Vi

6 0 X
the given equation becomes [x y] C [ 0 2 } C! [y} -5=00r

[6 OHX!} {X’} t{x] 2 2
Xyllo2ilyl -5=0where [ ] =C'|y|. Thus &x* +2y° =5,

6x2  2y?
ie. 5+ Y

—5— =1. The graph is an ellipse with the lines y = x and y = -x as axes.
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8.

(b)

a =a4a

[an} {1 2] a1
. =a,, +2a ,.a =1landa, =2. Letb =a_ ,. Thus b i1=L10llp

The matrix has eigenvalues A = -1 and A = 2 with corresponding eigenvectors

e (3] o= | 3 3] o255 5o

[an (-1™2 0 ] a[2] o] Ze
bn =C 0 25‘!—2 C 1173 2n-1+2n—2

1
soa, =73 (@"+2") =

2"t
a,, = 2° =512

{an] 2 3][%_1
a =2a, , +3a ,,a, =1,anda, =3. Letb, =a_ .. Thus b,]=L10llb_,

The matrix has eigenvalues A = -1 and A = 3 with corresponding eigenvectors

e 3] o= | 5] o =45 $am

a, -1"2 o [3] 1] 3"+ 3! 1
{bn =C 0 3{._2 Cr-t 11 = E 3(1—1 + Snnz , SO an = z_ (3!’? + 3[1—-1) =
3n—1
ag = 3° =6561.

In the Figure below:

x'=0A"'=0OC + CA' = OC + DP = OBsin6 + BPcos = ysinf + xcost

y'=0B'=PA'=BC - BD = OBcos#6 - BPsing = ycos® - xsin8
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Figure for Exercise 8
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1la

18

[ab] [kakb]_,
axiom 2 ku=K| o gl =l k& kdl 8INM

[ a+e b+f] [ ka+e) kib+f) ] [ katke kb+kf |
axiom7  ku+V)=K| cig deh ] =| kicrg) kid+h) ) = | korkg kaekn |

la kb} [ ke kf]
kc kdl + kg kh =Ku+Kv.

' [ a bJ [ (k+ha (k+!)b] *[ ka+a kb+!b]
axiom8  (k+hu=(k+D| ¢ g] = (k#)c (kehd) = | kot kd+d

ka kb [ %) Ib}
=[ kc kd] + k id =ku + lu.

s e 28] [0 2] [ 2 0] o] 28] o

rabJ [ab]
axiom 10 1u=1[cd =| ¢cdl =uw

Let A and B be 3x3 symmetric matrices. Thus A=Aland B=B!. (A+B)t=Al+Bt=A+B.
Therefore A+B is symmetric. Closure under addition. Let ¢ be a scalar. (cA)l=cAl=CA.
CA is symmetric. Closure under scalar multiplication. Let 0 be the zero 3x3 matrix. 01=0.

Thus the zero matrix is symmetric. All other properties are satisfied as for 3x3 matrices.
The set of 3x3 matrices is a vector space.

The set of all continuous functions on [0,1] is closed under addition and scalar
multiplication — sum of two continuous functions is continuous, and so is the scalar

multiple, on [0,1]. It is a subset of the set of all functions on [0,1], which is a vector space
by the same reasoning as that for the set of all functions with domain the real numbers. it

inherits all the other vector space properties from this larger space. Thus the set of all
continuous functions on [0, 1] is a vector space.

(b) (a-a2a)+ (b,-b,2b) = (a+b,-(a+b),2(a+b)) and ¢(a,-a,2a) = (ca,-ca,2ca); thus the sum

and scalar product of vectors in the set are also in the set, and so the set is a subspace
of R? . The setis the line defined by the vector (1,-1,2).

(d) (a,b,a-b) + (c,d,c-d) = (a+c,b+d,(a+c)-(b+d)) and k(a,b,a-b) = (ka,kb,ka-kb); thus the

sum and scalar product of vectors in the set are also in the set. This set is alf of R? .
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20. (@) Yes, this setis a subspace of R®. (a,b,c)+(d,e.f) = (a+d,b+e,c+f) and
@ (a+d)+(b+e)+(c+f) = (a+b+c)+(d+e+f) = 0. Also k(a,b,c) = (ka,kb,kc) and
ka+kb+kc = k(a+b+c) = 0.

(b) No, this set is not a subspace of R® . Neither the sum nor the scalar product of these
vectors is in the set. (a+b+c¢)+(d+e+f) = 1+1 =2 and k(a+b+c) = k.

217.

-1 4 -2
(b) 2[ 0 5} =[ 0 10],whioh s not in the set, so the set is not a subspace.

{aaﬂ [kalez} {Ie(ka)g
(¢) Fork#0or1,k = +

b b? kb kb2 kb (kb)z}‘sothe setisnota

subspace.

30. Every element of P, is an element of P,. Both P, and P, are vector spaces with the
same operations and the same set of scalars, so P, is a subspace of P, .

4.2

2

(b) a(t,-1,0)+b(2,1 4)+C(-2,4,1)=(-2,11,7) gives a+2b-2c=-2, -a+p+4c=11, 4b+c=7.
Unique solution a=2,b=1,c=3. Thus (-2,11 7)=2(1,-1,0) + (2,1,4) + 3(-2,4,1).
Is a linear combination.

(e) a((1,0,1)+b(1,1,0)+c(3,1,2) = (1,4,-3) gives a+b+3c¢=1, b+c=4, a+2c=-3 has many
solutions. The general solution is a=-3-2¢, b=4-c. Thus many linear combinations.
(1, 4, -3)=(3-2¢)(1,0,1)+(4-c)(1,1,0)+¢(3,1,2).

5.
(b) (x, Xy Xg) =2a(1,3,1) + b(~1,1,0) + ¢(4,1,1) if and only if X, =a-b+4c,
X, =3a+b+c, X; =a+c. The system has solutic»raa:-x1 - X, +5x3,
b=2x, +3x, -11x; ,c=%, +¥%, - 4, Thus the given vectors span R®.
Have(1,3,-2) = -14(1,3,1) + 33(-1,1,0) + 12(4,1,1).
15
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