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Exercise 1 (20 points).

Consider the vectors
1 2 2 —4
i 3. 5o 1| - -3 = -2
0l —2|" 1/2]° 4
-2 0 1 0

(a) Check if @ an W are parallel. Check if ¢ an p’ are parallel.

Two vectors are parallel if one of them is equal to the other multiplied by a constant. Assume @ and
w are parallel.

SLUu=c-W,whereceR =— 1=2.¢,3=-3-¢c = c=1/2and c= -1

We have a contradiction = u and v are not parallel.

Assume ¥ and p’ are parallel.

s U=c-py,whereceR = 2=—-4.¢,1=-2-¢,-2=4-¢,0=0-¢c = 02—5
¥ and P are parallel.
(b) Compute the vector 4 + 20 — 3p. Write the answer in horizontal (row-vector) and vertical (column-

vector) forms.

1+2-2-3-(—4) 17
Lo .o |342-1-3-(=2)| _ | 11| _ e
A+ 20=3= 0o () —3.4] = |—16 = [17,11,-16, —2]
—2+42-0-3-0 —2

—

(c) Compute the dot products @ - v, 4 - W,

<L
&1

@-v=1-24+3-14+0-(-2)+(-2)-0=5
=1-243-(-3)+0-1/24+(-2)-1=-9
2-241-(-3)+(-2)-1/240-1=0



(d) Using the previous point determine whether the angles between « and ¥, @ and o, ¥ and @ are acute,
obtuse, or right angles?
s - U >0 = the angle between # and v is acute

- < 0 = the angle between @ and @ is obtuse

-1 =0 = the angle between ¢ and w0 is a right angle

ST~

(e) Using the previous points find all orthogonal pairs of vectors if there are any.

¥ and p are parallel and ¢ and @ are orthogonal. = p and w are orthogonal.

(f) Compute the lengths/norms of @ and .

] = v/(1)2 + (3)2 4 (0)2 + (—2)2 = V14

7] = V/(2)2 + ()2 + (=2)2 + (0)2 = 3

(g) Find the angle between « and v.

u-7 5
0 = arccos <H> = arccos <> ~ 63.5°
[ |7] V143

(h) Normalize @ and ¥. What is the angle between normalized vectors?

1/V/14
1 . 3/V/14
0

ﬂ:]. = —UuU =
—2/\/14

2/3
1o 13
1= 7V =
1]l —2/3
0

0 ~ 63.5°
(i) Use the points above and the properties of length to compute the length of the vector —3u

=3l = 3 - |ul] = 3v14

(j) Find the distance d(; v)

1 2 -1

oS L 3 1 2
d(@; V) = ||u — 7| = ol =1l = 2|l = V13

—2 0 —2



Exercise 2 (20 points).
,5) be points in R3

Let A= (4,-1,3), B=(6,-2,4), C = (2,
(a) Compute the projection AB on AC
2 -2
AB=|-1],40= |1
1 2
S - ) —2 2/3
- - AB-AC - -2)-24+1-(-1)+2-1 1
AD = proj ((AB) = ——=-A :( 2) +2 (1 i+22 1 =-3 11=1-1/3
AC - A (_)'(_)+ L2 2 2 _2/3
(b) Find the area of the triangle ABC
2] -|o] _[l4¢] -/ HABH o e i HABH Ab|
Sapc = 5
_3.v/6-1_ 3V15
B 2 2
Exercise 3 (30 points).
(a) Prove that @ - = 1||@+ 9] — |7 — |
1 1 1
i+ 1% — Gl — P = (49 — 3 - 0
1
:Z(ﬁ‘ﬁ+2ﬁ T+0- V-0 -U+20-U—7-7)

#=1, find |7+ 7|
@+ 7| = /(@ + D) - (@ + D)

£y

(b) If @] = 2, 5] = V3 and

+20-0+70- 17—\/\\u|| + 2@ - 74 ||7)?

=Vi-u

:\/22+2-1+\/§2:3

(¢) Prove that 4 is orthogonal to ¥ — projz(¥) for all vectors @ and ¥ in R™, where @ # 0

proja(d) = &

=0-UT—-uU-71=0 = ﬁisorthogonaltov—proyu( )

w



Exercise 4 (10 points).

Are there any vectors @ and ¢ with the conditions below? If not, explain why?

(a) ||| =3, ||7]| = 2,7 - T = —/37

< u-v ) —/37
0 = arccos | ———= | = arccos | ———
[t 3.2

—V/37

3.9 < —1 = 30 = such vectors cannot exist.

1

o=ereo (i) = 7 (3-35)
= arccos | ——=- | = arccos | ——=
|11 2-V/3

1
‘-1 < —— <1 = d0 = such vectors do exist.

2.3

(b) llall =2, |7l = /(3).@- &

Exercise 5 (20 points).

Write the equation of the line 1 passing through P = (2,3) with normal vector 7 = [1, -2] in

(a) General form
By the normal definition of a line in R?:

n-T="1-p, where ¥ = [ﬂ,(m,y)elandﬁ:(ﬁ?

R
l-x+(=2)-y=1-2+(-2)-3
x—2y=—4

(b) Parametric form

F=p+t-dteR



