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,and (c) |ju+ |

Find (a) [[u|, (b) ||v
1) u=@3,1,3),v=(0,-1, 1)

(a) [[u|=v3* +12 +3> =19 ®) o] = 0? +(-1)* +1* =2

(3,2,2)|=V3>+22+2% =17

(¢) |w+v|=|(3-0,1-(-1),3-1)||=]

Find a unit vector (a) in the direction of v and (b) in the direction opposite that of
1) u=(3,2,-5),v=(0,-1,1)

(a) A unit vector v in the direction of wu 1s given by
U 1 1

3 2 -5
S 3,2,-5) = ——(3,2,-5) = | —=—,——,
7 J32+22+(—5)2( )= &> (\/38 J38 \/38j
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mu
(b) A unit vector in the direction opposite that of w 1s given by
_v__( 3 2 5 ]_( -3 -2 5 j
38738738 ) /38738738
Find the vector v with the given length and the same direction as u
@ [ =5. u=(5.50)
First find a unit vector 1n the direction of u
u 1 NE
= (¥5,5,0) = ——=(+/5,5,0) = (—=,~~=,0)
[ \/75 +2 V30 J6 6
Then v 1s five times this vector v = 5( 1 , Vs ,0)=( 5 55 ,0)
J6 6 J6 V6
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deola
'Eljl..i_.ll:'.l._]..l
For what values of cis [lc(1,2,3)|[=1?
1 1 1
c(1,2,3)|=Icl|(L,2,3)||=1=|c| = = =
| ”1| | | i L23) V12422432 V14
i p—
= C \/ﬁ
Find (a) wv, (b) v-v, (c) ||’U 2, (d) d(w,v), (e) (u-v)v, and (f) w(5v)
Du=3,4),v=(2,-3)
(a) uv=32)+4(-3)=-6
(b) v.v = 2(2) + (=3)(=3) = 13
(¢) ||'u,||2 —uu=3"+4"=25
(d) d(u,v) =|lu—v| =||3-2,4—(=3)| = |,7)| = V12 + 7> =50 =52
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deola
6)ligJl

(f) u(5v) =S5u.v=5(—6) =-30

2) u=(2,-2,1),v=(2,-1, —6)
(a) u.v=212)+ (-2)(-1)+ 1(-6)=0
(b) v.v=2(2) + (=1)(=1) + (-6)(-6) = 41
(¢) ||'u,||2 —uu=2"+(-2)"+1°=9
(d) d(u,v)=|u—-v||=|2-2,-2—(-1),1-(-6))| =(0,-1,7)|

=\/O2 +(=1)?+7% =50

(¢) (u.v)v=0v=0=(0,0,0)
() w(S5v)=5u.v=0
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doo
Find (3u — v):(u—3v) when vu=8, wv=7,and v-v=6

Bu—v)(u—3v)=3uuvu—%u.v—v.u+3vv=3uu— 10uv+ 3v.v
=3(8)— 10(7) + 3(6) = -28

Find the angle 0 between the vectors

1) u=(1,-1),v=(0, 1)

g WU __ 1(0)+(=DH@) it SN S (‘_1}3_” d (135°
COS ||u||||v” \/12 +(_1)2 \/02 +(—1)2 \/5 = COS \/5 1 ra ( )
2) u= (cos% sm6) v = (cos% Sin3—ﬂ)
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%
aﬂ'ﬂ "
Y,
T RY/4 T . 3x T 3_77
e cosgcosj+smgsm7 COS 6 4
cosf=——= =
||u||||'v|| \/ 2 T 2 ﬂ\/ » 37 37 1x1
COS S SlIl COoOS —+ SlIl —
6 6 4 4
= COS —7—ﬂ) = cos(wzj = 0= i radians (105%)
12 12 12
@ u=(1,1,1),v=02,1,-1)
wv 1(2) +1(1) +1(=1) 2 2
cosf = =
[ul[v] V12 +1% 1222 12+ (-1)° BNVENE
= 0= cos_l(x/z /3) =1.08 radians (62")
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Determine whether u and v are onhogonaf?f;"bé'rallel, or neither
1) uw=(1,-1,1),v=(2,1,-1)
w.v=12)+ (-1)(1)+ 1(-1) =0, the vectors u and v are orthogonal
@2 u=(,-1,1),v=(2,1,1)

w.v = 12)+(-1)(1)+1(1)=2#0, = u and v are not orthogonal. Moreover, because
one 1s not a scalar multiple of the other, they are not parallel

3 u=(1,-2,4),v=(-3,6,-12)
u = —3v, the vectors u and v are parallel
(4) w=(cos 0, sin 8, —1), v=(sin 8, —cos 6, 0)

u.v = cos O (sin 0) + (sin &)( —cos H) + (-1)(0) = 0, the vectors w and v are
orthogonal
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Find (a) proj,» and (b) proj,v
1) u=(-1,3), v=(4, 4)
: U-v —1(4)+3(4) 1
= 1 = 4,4 = 4,4 — 191
() projyu=——v=— (44 = (44)=(.])
. v-u 4(-1)+4(3) 4 4 12
b =—u= ~1,3) ==(-13)=(—=,—=
) projv = u=" 5 (L) =5 (LI = (5.7

PIOJuYNT Pproj,u

=

l | |
— 1 1 |
} 2 3 4
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Ay

ol
2 u=(1,3,-2),v=(0,-1, 1) e
(b) proj,v = % u= 0(1)1; JE;)S()_;E—Z) 1,3,-2)
-5 -5 -15 5
VA VRS VRr
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deola
CIJLI_I:IJ[

(a) Determine whether the set of vectors in R™ is orthogonal, (b) if the set is orthogonal,

then determine whether it is also orthonormal, and (c) determine whether the set is a
basis for R™

@ u=(2,-4),v=(2,1)
(@) (2,-4)-(2, 1)=2(2)+(-4)(1) =0, the set 1s orthogonal

(b) [(2,-4)| = \/22 +(~4)? =+/20 =1, the set is not orthonormal

(c) 2 independents vectors, the set is a basis for R?

2) {u=(3/5,4/5), v=(-4/5,3/5))
(@) (2,2) (=%, D =2(-9+2(2) =0, the set is orthogonal

(b) H(S,S)H \/() +() =1, H S,S)H \/(—%) +(%) =1, the set 1s orthonormal
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(c) 2 independents vectors, the set is a basis for R?

(= H(—— N

o-{+8)-{-£ $8)o(£5.9)

i 2 6 36 3737 3

(— —)

(a) The set 1s orthogonal because

o 428 6 B3T3 N
27721 67376 12 12
Lﬁoﬁj(ﬁﬁ_£]f0_£20
2772 13737 3 6
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Z \/
deola
o)tioJl
6 o VB) (BB B)_ VB VI VB
6 3 6 )| 3 37 3 18 9 18
(b) The set 1s orthonormal because
2 2 \/2 2 V333 \/3 3 3
—.,0,— ||=4,/—+0+—=1, y——— = 4]=F+=F+==
2 2 4 4 3 3 3 9 9 9
N6 N6 N6l Jg 6,6 _
6 3 6 36 9 36
(¢) 3 independents vectors, the set is a basis for R’
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® {u=[ g5 o=(010)

a) The set 1s orthogonal because ,0, -(0,1,0)=0
(a) g ( 5 ﬁJ (0.1,0)

(b) The set 1s orthonormal because

H NN H +O+%:1’ 1(0,1,0)|=v0+1+0 =1

(c) Only 2 independents vectors, the set is not a basis for R’
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deola
ﬂle_cl_”

(a) Show that the set of vectors in R™ is orthogonal, and (b) normalize the set to produce
an orthonormal set

@D u=(-1,4),v=(8,2)
(a) (-1,4)-(8, 2)=-1(8)+4(2) =0, the set 1s orthogonal
(b) ||(—1, 4)|| = \/ (—1)2 +47% = \/ﬁ # 1, the set is not orthonormal. Normalizing

v, (—1,4) = \/ﬁ 417
v, J1_ 17 7 17

v, 1 417 17
R RN TR ( ’17]

u, =
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'CIJLI_O_”

@ {v=(V3.43.43),v,=(- \/Eof)}

(a) (\/ga\/ga\/g)'(—\/z,(),\/z)=—\/g+0+\/g:O,the set is orthogonal
) [(BABAB|=VWE 443 445 =B =321

the set 1s not orthonormal. Normalizing

——(fff) [IIP

33)

iy =L 2.0.42)- [% 032

2 )
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Aﬁ

'CIJLI_O_”
Find the coordinate matrix of w relative to the orthonormal basis B in R

® w:(_3,4)932{(ﬁ 2@]{_2@ ﬁ)}

575 575

.
(=3.4). \/5_2\5/_J —35\/_ 8\5/_ 5\5 _J5
\
(_34)./_2f V5)_6V5 45 _10¥5 ) g
L s s ) s s 5

so. ], | i

MU-EPP-FM-005 Issue date 17 November 2025 issue no: 1 https://manara.edu.sy/ 17/26


https://manara.edu.sy/

Inner Product Spaces th 5025-2026
2\
d=ols
@ w=(2,-2,1), B= @,o,@ ,(0,1,0), _@,0’@
10 10 10 10
(29_291)' @909 3\/E = —zm +0+ 3\/E = 5\/% — \/ﬁ
10 10 10 10 10 2
(29—291)°(09190) =0-24+0=-2
3WI0 10} 6J5 V10 5J5 410
(29_291)' _—909— -+ )=
10 10 5 10 10 2
_ @ _
2
So, ['w]B =| =2
_ 1o
2
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dsolo
Apply the Gram-Schmidt orthonormalization process to transform the given basis for R™
into an orthonormal basis

@ v,=3,4), v,=(1,0)

w, =7 :(394)
v, w, w, :(I,O)_1(32+O(24) (3,4):£16,_12j
w, - W, 3" +4 25 25

w, =0,

Normalize the vectors
w, 1

3 4

= (394):(_9_j

[wn]| V3% + 42 575
B eSS
) Juey+cpyplas 25) (7 s

25 25

U, =
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6)liaJl

@ B= {vl — (13 _29 2)9 ’U2 — (29 29 1)9 .,U3 — (29 _19 _2)}
Because v;v;= 0 for 7 # j, the given vectors are orthogonal. Normalize the vectors

v, 1 w2
u, = — (19_292):(_9__9_)
el 2422 3733

v, 1 221
U, = = (29291):(_9_9_j
ol 22422412 37373

v, 1 2 1 2
U, =B = (2,-1,-2):(-,--,--)
Tl 2222 37373

(3 B={v,=(4,-3,0),v,=(1,2,0), v;=(0, 0, 4)}
Orthogonalize each vector in B vectors
w, =v,=(4,-3,0)
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V

m v
ool
V, W
w, :,U2_u)2 wl :(19290)_%(49_390) (;§9§g90)
1%
V, - W UV, W
Wy =3 — . 1 wl_¥w2 :(09094)_0(49_390)_0(3§9gga ):(09094)
w, - w, w, - w,
Normalize the vectors
w == : (4,-3,0) = (f—ioj
[or 4%+ (=3)> + 02 55
U, 1 33 44 3 4
ty = - 2503500) = (__O
bl ~ @+ o0 53
vy 1

(0,0,4)=(0,0,1)

Uy =

los|| 02 +0% + 42
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Find (a) [[w|, (b) |
Lu=(2,1,-1), v=(0,-1, 1) 2. u=(2,-1), v=(1, 1)

,and (c) |u+9|

Find a unit vector (a) in the direction of w and (b) in the direction opposite that of u

l.u=(—1,3,4) 2. u=(2,-2)

Find the vector v with the given length and the same direction as u

L. [v]=4, u=(1,2,-1) 2. |v|=2, u=(3,4)
Find () wo,  (b) vy, © [, (d)d(w,v),  (e) (wv)v, and (f) u(5v)
L u=(-1,2), v=(2,-2) 2. u=(0,-2,1), v=(2, 1, -2)
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For what values of cis [c(-2,2,1)|[=67? S

Find (u+ v)(2u — v) when w-u=4, v v=-5, and v»v=10

Find the angle 0 between the vectors
l.u=@G3, 1), v=(-2,4) 2.u=(2,3,1),v=(-3,2,0)
T .7 T . T
3.u= (cosg,smg),v: (COSZ’SIHZ)
Determine whether v and v are orthogonal, parallel, or neither
l.u=(0,3,—4), v=(1,-8, 6) 2.u=(1,-1,2), v=(-3, 3, —6)
3.u=(1,—-1), v=(0,—-1)

Find (a) proj,u and (b) proj,,v
l.u=(1,2),v=(2,1) 2.u=(5,-3,1),v=(1,-1, 0)
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(a) Determine whether the set of vectors in R"is orthogonal, (b) if the set is orthogonal,

then determine whether it is also orthonormal, and (c) determine whether the set is a
basis for R™

1. {u=(-3,5), v=(4,0)}
2. {u=(2, 1), v=(1/3,-2/3)}

3. {u:(g,O,—QJ,v:(O,&,—ﬁj,wz(ﬁ,O,l)}

6 5 5

4. {(2,5,-3),(4,2,6)}
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deola
ﬂJLl_cl_”

(a) Show that the set of vectors in R is orthogonal and (b) normalize the set to produce
an orthonormal set

1. {v, = (-1, 3), v, = (12, 4)}
2. {v,=(1,3, 1), v,= (3,0, -3)}

Find the coordinate matrix of w relative to the orthonormal basis B in R™

1 w=(1,2) B:{_Nﬁ 3\/§j [3\/5 2@]}

13 7 13 13 7 13
2. w—(l,—3,2),B—{££ 0 i) (0,1,0), L—i 0 £)}
10~ 10 10 10
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'CIJLI_O_”
Apply the Gram-Schmidt orthonormalization process to transform the given basis for R™
into an orthonormal basis

1. B={v,=4,-3), v,=(3, 2)}
2. B={v,=2,1,72),v,=(1,2,2), v =(2, 2, 1)}
3.B={v,=(1,0,0), v,=(1, 1, 1), v; =(1, 1, 1)}
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