Thomas’ Calculus - 12.2 Vectors

In Exercises 9-16, find the component form of the vector.

9.
10.

The vector @, where P = (1,3)and Q = (2,—1)
The vector OP where O is the origin and P is the midpoint of

segment RS, where R = (2,—1) and S = (—4, 3)

11.

12.
C=(-1,3),and D = (-2,2)

Vectors in the Plane

The vector from the point A = (2, 3) to the origin
The sum of AB and CD, where A = (1,—1),B = (2,0),

In Exercises 1-8, let u = (3,-2) and v = (—2,5). Find the
(a) component form and (b) magnitude (length) of the vector.

1. 3u
3.
5.

u-+ v
2u — 3v
4

—-u + -v

7.5 5

Vectors in Space

2.
N
6.

—2v
u-—v
—2u + 5v

5 12
—Eu + EV

In Exercises 17-22, express each vector in the form v = v|i +

v + vk

17. fﬁ’z if P, 1s the point (5, 7, —1) and P; is the point (2, 9, —2)
18. 1@2 if P, 1s the point (1, 2, 0) and P is the point (—3, 0, 5)
19. ﬁ if A 1s the pomt (=7, —8, 1) and B is the point (—10, 8, 1)
20. AB if A is the point (1, 0, 3) and B is the point (—1, 4, 5)

AgolA

HIE{2| (a) Component Form&} (b) 27|(Z0|)E ZAH2AA|L.,

(origin: A

=2

(midpoint: &3

(segment: M)

(sum: &)

(magnitude: 37])



Thomas’ Calculus - 12.3 The Dot Product

Dot Product and Projections
In Exercises 1-8, find

a. v-u,|v|, |u
b. the cosine of the angle between v and u

¢. the scalar component of u in the direction of v

d. the vector proj, u.

v=2i—4j+ V5k, u=-2i+4 - \V5k
= (3/5i + (4/5k, u=5i+ 12j

= 10i + 11j — 2k, u = 3j + 4k

=2i+ 10j — 11k, u=2i +2j+k
=5j—3k, u=i+j+Kk

=—i+j, u=V2i+ V3 + 2k

=5i+j, u=2i+ V17j
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Elementary Linear Algebra: Applications Version - 3.1 Vectors in 2-Space, 3-Space, and n-Space

11. Letu=(-3,2,1,0),v= (4,7, -3, 2), and
w = (5, —2, 8, 1). Find the components of

(@) v—w (b) —u + (v — 4w)
(c) 6(u— 3v) (d) (6v —w) — (du+v)

17. Letu= (1, —1, 3,5 andv = (2, 1,0, —3). Find scalarsa and
b so that au + bv = (1, —4, 9, 18).

21. Show that there do not exist scalars ¢, ¢2, and ¢3 such that

c1(=2,9,6) +¢2(-3,2,1) +¢3(1,7,5) = (0,5, 4)

True-False Exercises

TF. In parts (a)-(k) determine whether the statement is true or
false, and justify your answer.

(d) The vectorsv + (u+ w) and (w + v) + u are the same.

(¢) fu4+v=u+w,thenv=w.

(h) If (a,b,c) + (x,y,2) = (x, v, z), then (a, b, ¢) must be the
Zero vector.

(1) If k and m are scalars and u and v are vectors, then

(k+ m)(u—+v) = ku+ my

rok

= HY)

11.u=(-3,2,1,0,v=(4,7, =3,2),w=(5 —2,8,1) ¥ m,
(@) v-we| 4E& A2,

(b) -u+ (v-4w)2| 22 T,

(c) 6(u - 3v)e| HEES F5HAR.

(d) (6v-w) - (4u +v)2| 422 T2,

17.u=(1, —1,3,5),v=(2,1,0, —3)Y Of, 2AZ2a} a2l bE AOIM au+bv=(1, —4,9, 18)2 UESITE AL,

21.¢1(=2,9,6) +c2(=3,2,1) +c3(1,7,5) = (0, 5, )& UFsI= £2ZEt 1, 2, 37t EHFA| A2 HO[A2.



True-False Questions

(d) HE] v+ (u+w)e (w+v) +ull Z32 EO[AI2.

(e) }F u+v=u+wO|H v=wdS B0\,

(h) 2 (a, b, o) + (x,v,.2) = (x, y, 2)0IYH, (a, b, )= FHE{GO} S EO|A2,

(i) 2ref ket moO| AZ2t0| 1, uet v7t HE{O[H, (k + m)(u +v) =ku + mvlE HO[AI2,



Elementary Linear Algebra: Applications Version - 3.2 Norm, Dot Product, and Distance in R"

In Exercises 3-4, evaluate the given expression with
u=(2,-2,3),v=(1,-3,4),andw = (3,6, —4).

3. (@) [lu+v| (®) full + [vll
(©) [I—2u+ 2v]| (d) [|3u—5v+ w]|

In Exercises 5-6, evaluate the given expression with
u=(-2,-1,4,5),v=(3,1,-5,7),and w=(—6,2.1,1).

5. (a) [|3u—5v+w| (®) [[Bull = S{vil + lIwll
(© [I=llallvll

In Exercises 9-10. findu-v, u-u, and v - v.
9. (a)u=(3,1,4), v=1(2,2,—-4)
(b)u=1(1,1,4,6), v=1(2,-2,3,-2)

In Exercises 15-16, determine whether the expression makes
sense mathematically. If not, explain why.

15. (@A) u-(v-w) (b)u-(v+w)
(©) flu-v| (d) (u-v) — |[u]

True-False Exercises

TF. In parts (a)-(j) determine whether the statement is true or
false, and justify your answer.

=
(a) If each component of a vector in R’ is doubled, the norm of (norm b
that vector is doubled.

(c) Every vector in R" has a positive norm.

(f) The expressions (u - v) + wand u - (v 4+ w) are both meaning-
ful and equal to each other.

(g) fu-v=u-w thenv=w.

(h) If u-v =0, then eitheru=0orv = 0.

(j) For all vectors u, v, and w in R", we have

lla+v+ wil < Jluf| + [[v] + [Iw]



(c) Rne| 2E HEE= Yol &S 71

() A (u-v)+wet u- (v+w)e 2 o0t glon Nz 2k,

(g) 9rek y-v=u-wO|H, v=woO|C}

(h) 2k u-v=00|H, u=00|#L} v=00|C}.

() Rne| ZE HIE] u, v, woll CH3H C}S0| dEsict,



Elementary Linear Algebra: Applications Version - 3.3 Orthogonality

: ; orthogonal: 2101, 2105t =
In Exercises 1-2, determine whether u and v are orthogonal ( 9 T AsHS)

vectors.
l.(aA)u=1(6,1,4), v=(2,0,-3)
(b)u=(0,0,-1), v=(1,1,1)
(c)u=@3,-2,1,3), v=(—-4,1,-3,7)
(d)u=(5-4,0,3), v=(—4,1,-3,7)

In Exercises 13-14, find |proj u]l.
13. (a) u=(1,-2), a=(—4,-3)
(b) u=1(3,0,4), a=(2,3,3)

In Exercises 15-20, find the vector component of u along aand
the vector component of u orthogonal to a.

15.u=(6,2),a=@3,-9 16.u=(—1,-2), a=(-2,3)
17.u=(3,1,-7), a=(1,0,5)

18. u=(2,0,1), a=(1,2,3)

19.u=(2,1,1,2), a= (4, —4,2,-2)

20.u=(50,-3,7),a=@2,1,-1,—1)

rok

=HH)
Vector component of u along a: a #gke| u2| HlE{ Component (proj a u)

Vector component of u orthogonal to a: a2t 212l u2| #E{ Component (u - proj a u)



True-False Exercises

TF. In parts (a)-(g) determine whether the statement 1s true or
false, and justify your answer.

(a) The vectors (3, —1, 2) and (0, 0, 0) are orthogonal.

(b) If uand v are orthogonal vectors, then for all nonzero scalars
k and m, ku and mv are orthogonal vectors.

(c) The orthogonal projection of u on a 1s perpendicular to the
vector component of u orthogonal to a.

(d) Ifaandb areorthogonal vectors, then for everynonzero vector
u, we have

proj, (proj,(w)) = 0
(e) If a and u are nonzero vectors, then
proj, (proj, (u)) = proj,(u)

(f) If the relationship
Proj,u = proj,v

holds for some nonzero vector a, thenu = v.
(g) For all vectors u and v, it is true that

lu+ vl = llufl + Iv]

(b) 2HeF ut v7t 2|ush= HWE{O|H, 2= 00] Ofd AZka}t kef moj| CHaH, ku2t mv 2lasH= HE{O|Ct,

(c) ugl aof| chgt 2w dE2ak 10 2191 aof cist HArH (projection)2 M= 2{matct,

(d) 2teF agt b7t 2|w5H= HE{O|H, 2E 00] Ol HIE| yof| CHaH, projb(u)oil CiSt aofl CiSt HAHE (projection)2 00]CL.
(e) 2HeF a2t u7} 00| orl HE{O|H, proja(u)ofl CHEH aoil ChEt HAH2 proja(u)olct.

(f) 9tk of® 00| ot HIE] ao]| CH3H projau = projavZ} M&3HH, u = voILC},

(9) 2& HE] uet voil Cisl, ch3o| Y& Stct.
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