SCMA 259 — Linear Algebra

J. D. Sands
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Practice Problems 4

Find the length of the vectors.
a) v=(43)

b) v=(1,22)

c) v=(20-5,5)

Find [Ju], ||v|] and [|Ju + v||.
a) u=(0,43),v=(1-21)
b) u = (0,1,-1,2),v = (1,1,3,0)

Find a unit vector in the direction of u.
a) u=(—512)
b) u = (1,0,2,2)

For what values of ¢ is ||c(1,2,3)|| = 77

Find the vector, v, with the specified length in the same direction as u.

a) [Ivl] = 2, u = (+3,3,0)
b) ||V|| = 3’ u= (0!2!11_2)

Find the distance between u and v.
a)u=(112), v=(-13,0)
b)u=(0123), v=(104,-1)

Find u-v, u-u, ||ul|, and (u-v)v.
u=(-112),v=(1,-3,-2)

Find (u+v) - (2u—v) given thatu-u=4,u-v=-5and v-v = 10.

Find the angle between the vectors.
a)u=(111),v=(21-1)
a)u=(0,1,0,1), v=(333,3)
a)u=(13,-120), v=(-145-32)

Determine all vectors orthogonal to u.
a) u=(0,5)
b)u=(2-11)

Find the angle between the diagonal of a cube and the diagonal of one of its sides.

Prove that if u,v and w are in R” then (u+v) - w=u-w+v-w.
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Prove that if u and v are in R™ then |[u + v||? + |Ju — v||? = 2||u||? + 2||v]|%.

Find (u, v), ||u| , ||V|| and d(u, v) for the specified inner products.
a)u=(34),v=(5-12),(u,v)=u-v

b) u=(-43), v=(05), (u,v) =3uv; + uv,
c)u=(80,-8),v=1(8316), (u,v) = 2uyv; + 3u,v, + uzv;

Find (f, g), lIf1l,|lg|] and d(f, g) for the inner product,
1
(f.9)= | rege) dx
-1

a) f(x) =x%, glx) =x?+1
b) f(x) =x, g(x) =e*

Find (A, B), [|A]],||B]|| and d(A, B) for the inner product,
(A,B) = 2a,1b11 + a12b15 + az1 by + 2a5,b,;

a)A=(_41 —32)"3:((1) _12)
=G )e=(5 o)

Find (p, q), |Ipll, 19|l and d(p, q) for the inner product,
(p,q) = agby + a1b; + ayb,

a)p(x) =1—x+3x?, q(x) = x — x?

b) p(x) =1+ x2, q(x) =1—x?

Prove that
(A,B) = 2a,,1b11 + ay2b15 + az1 b1 + 2a5,b,;
is an inner product.

Find the angle between the vectors.

a) u = (—4,3),v=(0,5), (u,v) =3uv; +u,v,
b)u=(1,11),v=(2-22),(uv)=2uyv, +uv, + uzv;

c)p(x) =1—x+x2 q(x) =1+ x+x? (p,q) = aghy + a;b; + a,b,
d) f(x) =x, g&) = x%(f, g) = [ f)g(x) dx

Verify the Cauchy-Schwarz inequality and the triangle inequality.
a)u=(1,04),v=(-541),(uv)=u-v
b) p(x) = 2x, q(x) = 3x* + 1, (p,q) = aghy + a;b; + a,b,

oa=(5 3B=(7 3)

(A,B) = 2ay1 b1y + a12b15 + az1ba1 + 2a55b;
d) f(x) =sinx, g(x) = cosx,

(f,g) = j F)g() dx

Show that f and g are orthogonal for the inner product,
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b
(f.g) = f FOOg(0) dx

a

on [a b].
a) C[—m, n] f(x) = cosx, g(x) = sinx
b) C ], f(x) =x, g(x)——(Sx — 3x)

Find projyu or proj,f on C[a, b].
a)u=(13,-2),v=(0,-11),(u,v) =u-v

b) u=(0,1,3,-6), v=(-11,22), (uv)—u v

c) C[0,1], f(x) =x,g(x) =e*,(f,g) = f f(x)g(x) dx

d) C[-m,m], f(x) = sinx, g(x) = cosx, {f,g) = [, f(x)g(x) dx
o) Cl-m 7, f(x) = x, g(x) = sin2x, {f,g) = [, f(x)g(x) dx

a) Prove that if u,v and w are in R™ then (u + v,w) = (u,v) + (u,w).
b) Prove that if u and v are in R™ with ¢ € R then (u, cv) = c(u, v).

c) Let W be a subspace of the inner product space, V. Show that Q is a subspace of V.
Q={veV:(vyw)=0vVwe W}



