Chopter 2/ Equations o [oneS ond plones Page ’/

Seckon (2.5
Problem Stafemant: Suppose That fou o Joten a point in space F, (%o, §r 2)
and a direchon (s.,a Veetor {}) You ore osked % Rind e €7u¢u‘r_}rﬂ 0£

T~ ,&m. /2 Such Tkou(’ i{‘ PASSCS ’ﬂw'ovjl« Po ()fo)do’ %o) and (s fa—(wue/l {S
P(%4d,2) In o(dt( G de M; we 'Pldc e

% ;{L,_;’/" Mbi#ué foisul' o L;m_.l ond We
Call That P (%58 2) and We heme
Pt as vector o (Mokice fhat Vechor
& s pacaliel & veckor V)

Then we dfow T posibion Vectors fa

We See fom The above /E'J“’“': P oand P ond we cal Tham 1o ond T,

@ esae respechvely

F; = <xp) 30) zo> ) V" <Q) \'.” C>

? =<x)3-) 2>
We .GJSo len o T[‘\A\JL -; ond \./’ oMe Paﬁp“&l MW mﬁdw‘:""&ﬂl‘ S o&ﬁéﬁo\f

We (Cam Conclude M I +'tq_/’;—-(? u_)l\.',c)l\ mepns = %ofa,t
<X;3; 2= < %> oy Zo > + i(a,b,c) , cn ofher words {3_ i b
Z;zofcﬁ

i
R"["' e E(f o g o lLAj{ﬁs ik Mcel Pafa.mvﬁ'fc QTLJb-ns 4 o 4~ /£
T‘\ﬂvjf/\ (x.,,g.,z.,) amd ?o(aJ/eJ ﬁ‘(&) b, C>

X Fa(a»«}fuc, e;tudiovts %}or o Lone. Tk passes Thaugh T Po\"\* (%o, 39,20)
and PMGJ(QJ A ﬂu. Js'v’ec’im Ve ctor <Q’ b’c> Gre

X=%otat 4-Joe bt Z.2.p0%




ch 12 Equafions of Lnes ond Plones .2
"P"L( / Sechon 12.5 P"ﬂ 4

T ABTREET e ——

Exomple: Pma a. Veclor ecfuh'm« ond Pomelric equations Por the bine That pastes
throug b ‘ﬂ«,-Pom} (5 1,3) ond Poradled & Vector L‘rq}-2l<.

F:<5,‘,3> (V) F:E\\—t:\—;
Fe {1,4,-27 7o (5iege3k)at(crig-2k) »
Fe (£45) i o (AER) T4 (~26e3) ke * Vechr <puakion

(2) <x,3,z>; <Huides 2.5+ t{a,bsc>

X 5+¢
g-1+4t ] Porsmefric. equakions

Z=3-2t
Em»-ffc; Find Two other Pocds on The line /72‘0“* . PRvisny exomple .
solukion : We Con Pick auy Uslue Jor € and plag ot in Tho Pmmedric efs.
fel s -8 g5y 20l —— (651
d-l s kel a5, BT e (4,-3,5)
X Ne“'e,‘. The Vectr eqw’im s ?‘(MC' &(“”’"’" of & lin s w !
We Con Pidhe & differant Point on The Lins or omethar vecfor porllel &
T Lne ond get o difforent PacmeIic. €quakon.

¥ Note: Anofter woy & desaribe a Lne, 25 (s & eliminate fln pPacometer T

ﬁrom | 7 PMMQ efW 0*- a bne
Z-Zo

-4
x- %o , t= d-d Sy L
o b

b

£
These quS e Caﬂﬁ‘ 53 mmefTiC e?gMJL'&uS of_ Loy 1.
Note: [f ene of T CawPo,u,.J*s 3-72 veckor V=La,b, ey That s Porodled & Line V)

(S 2ero, (Meuw‘\k& Ga=6,0v b=0 or C=o\ 5 we Oan BHL eliminade T

€3. f azo = ¥=%o, d-do _ Z-Zs (AN This mesns ¢s That A Les v

— 3

b & Mo verhcad plans X= o)




Section (2.5 g

—

Example: Find Tl Paramelric Qtluq}l:ms snd Symmelric equakions of Th- bine ’ﬂ«m}'_
Passes fhrowgh The Points A (2,4,-3) ond B(2,-151). 4+ what point does
This kne ndersect The X-plane.

Soludion: Tn Tt FroUem L‘njfeulo-l one ditechon vechr and me Poiwfm« Tl
Lins 5 ve have onky Two Prinks on Tl Line . we com Pind Veehor AB ond
ase of a3 T direddion Veehr %or Laa

/T-B,: <3,2,,\_q, |- (-'5)> = <\)"5_) “(> =2 \/=<\,'5,H>

=¥ ¥=%,+ta =» X=2+t

Jedieth = =0t i?ommdnc, Equatisns

2-2,.bc =» Z=-3+4t

%l = d-4 =,3'L§ Sdmmdn'c Ec{uaﬁMS

=9 -
we k—nowﬂ\..J’ all - 'Po\'-v{‘s on xg-P'm hawe Z=0
o+ 3

R, AR ¢ 3-‘..‘_‘..- e -4 ) (-'9) = =l

WG ket wa, o add

Twe  Coordinates "P ;e pu‘d Tl Ther Wne nberseets with xq -Plone ot , s (%_7217,0)
Note: we effen need T describe o- Sejh\u\}q@ a Lne (by Lmvrygt Poc example )

Not Tl ehife line ctsel .

For example  [(t]=Last, 4-5¢, -3+4Ey , 0L i3 e veclor equakon
0& a kne SeJmud’-

The Vector™ equation of o ins. Segrant That osies Thtoagh Tho tip o positime

Vectors 1, and T, 8 Suppese Thud Line L Passes Through Tl Hp of 72 and 7,
we See_ﬂ\.a:/_ /,,-0-’\7:?{ _gv:?:__?:

-_— -

we also knews Y =1, +'t‘7

-> - T ey
e P S NP

iy =0 S
= (r):=(-t)V +t" Brisoa
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Seefion 2.5

EXO*"'P(6: <show Thed The Wne$ L, and L, with PMM'C equaﬁ'ons

L,: x= ¢+t , 3:-21—3'& y 2= H-t

ll'- Y28 9: 3+ D ) Z:..S..Q-L‘S

are sKew Lnes, that is, They do hot infersect and are ot pocalied.
acalle) becanse Th— C‘ar'ﬁ?"‘-di“a, divectfon

50‘4‘-}"0"\". .”ufst lA‘-M_ oe M+ P
not P‘-"ﬂ-'«d ( Their é‘o—mfon-ud 3

VCd‘OfS <|, 3, _\7 an d <2) ‘)H> are

are not Pl’oForka'f\M)
IF Loasdli uive intersechon Poiuts, Thenw there shoudd be at

Value Tl F 54,(1'3{27 Thege Three a7m}¢‘o«s S\‘me’WOU—Sl‘},

and 3

\+t:2—3 ;_é__*'(
5 out cad 2 = 3'&-5:% =76f—lo:{+|
S i = 5t =] 3> t="
Y t=-3ls 5
g
=2 S-—
5

Now [eds see (f These Volues Sdisé The Therd ¢1W 6 Not !

L/—t:q-_’_'_ e 2o -\ q
5 -5 ¢ l 9
g o1 52 ” >
~Bypls=-3¢(4) (L) - 5,32 %
- : 5

Thes means [h. Valuwes Thut we howe £0'M~d ﬁo( S and T dees net
Safl,}% 5 ¢ Tord e?wq}fa-‘,\ ond 88 & resclt, Thoive (s he ckﬁﬂedﬁm

Po"'\}s Wm L\ ansl L7_.



CJ\Of‘f'e(' LQ/ Equaﬁ‘oﬂsj knes oumel Pb.m,s
Secfeon 12.5

Pge 5/

P‘auu.é: In The PleNipus seckion wWe Saw That (1 ofder & dfaw a Lne n Pace

we need & Point Lie Po (%0101 Z0) and & ahrection.

Similecly, & (o[mh'% & plone (n Space wWe heed & Po.‘nf on Thr Plone ond

o Veckor (Ser dicechon) but Thes vechor shoald be pecpendicmlar & The

Plone - we Call thay Perpmol(cwlaf veehr, tw normal Vector.

Suppase That we wont Fud o eqMU['LM o o plane thet el

Woudlr\ Tha Foivd' Po (*605do » Zo) ond (5 perpendiculor G Vecter ;'t_’=<°~v‘°r‘”—7'

Llet P(74,2) be on ocbiffaryPeink o he plans. '
ﬁ"owx The %Ju-l{ we (am See:

—n

e =Ll
ond }TP' (s Pu’fa\cﬁeula/ T "

o B (E By 20 (veckor Equakion o the pond]
?= <X7392> ’ E’Q’xo:‘day >

-~ <°‘)'°) C> . <X—7(o > d-d9) Z-Za> =9

b alx-%) +b(§-3e) + C(Z-2¢) =0
Scalor Equation o T P“"":}

A SCalos equw'io« 4 The P(Mp ﬂ\fouﬂ‘\ Fo{q\} 'R,,(xo,ao, 20) with rermad
vechr n- {a,byc> (s

a(x-xo)+b(g-3o) + ¢ (£Z) =0

« Yow do net heed & be able b derive The above Lormulo bt
Jow whiw\& need & knew fle Lormula and be-able & use 16 4



Equadims of Lines oud Plones
Seckon 12-5

Example: Fud om equahior of Tl plone Thiough Th- point (2,4,-1) with
normal vecker n: (2:.%,4Y . Find Th inteccepts aud sketch T plone-

n=<ay b, ¢y = £ 253,4>
a(*-%) + b(8-30) +C(2-26)z0 =2 2(x%-2) 4+ 3(y-4)+ 4 (2+1)=0

Chopter 12/ Prge €/

“p 2x4 33+ 4z -H-124Y=z0 =P 27‘+33+'ﬁz='ﬂ

'X-—('n,;’-g(cf_P{- (a=¢, Z;o) 3 2x= 12 =0 x=6 o F‘M-—
a-L'OU"c,(CL’:{- ( x=0, 2=0) = 33;\2 = S:L\ ' u\/
Z-(‘W&F(— ( Y= o0, x=0) = Hz=-=12=pZ=3

9

x

Exomple: Find an equakin of Tho Plens Thod posses Through The Points

Plu3.2) @L2 00, mad Ris 2.0}
If we fwd M. Vechrs Pq owd PR oud Rud Thir eress product, (b
Wl sive ug @ vector That (s Perpendicular G5 both these vectors.
R iPE . AR+ LA 38 9542 A

PR - $6-05 2-% 0.2 =L 4§, \,-2>

( S K

—> — :

""PZ*PR: 3 MR =|2L+2oé'_+u-(k TR v The mrm.J\/ec;Ibr
4 -1 -2

with ‘;:=<l7.,20)u‘|> ond P("—S’z)
a (x-%o) + b(§-9o) ¥ C(2-2o) =0 => |2(x-1)+26(4-3)+14(2-2)=0

> 12%r 204 4 IH2 -12-66_-28 =0

12 x+204 + 4y 2 - oo —r
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Sechion (2.5
Eromple: Find T point at which The tne with ppmetric euafton x-2+3¢,
4= -Yt, Z=5+t itersects the plons 4x+54-22=18 .
We Qo easily feplace The Patame Iic Values For X, 9, ond 2 (1 Tl €quak'on
o'ﬁ P""""‘ and Solve -Forf'-

L'l ( 2+3t) +5(—L{t) L l(5+t) ;—_—I8 :?- g+ 12¢ -0t -lo-2¢ =|g

ot - 20 [ 2]

Tiu’a means, The L'K}%ﬁeo[l}v\ Pofd’ (s &SSBCIQJE,J w/ PMWJ?—(' t "‘*'"6 {?uda,z‘
= X=2+3(-2) =2-6 =--4
33—'1(..2) = £ P"l‘dﬁip (WS’CW‘ {—L‘) 8)3)
2‘5*‘(-2) N

—_—

Nete . Two Planes are Parulled Lf Thetr notmal vechrs are Paradle] -

€3 xr2§-32=4 aud 2x+44-62=3 ace parallel because
<‘)2) '?’> ond <7"L‘”6>' i beodle/(

ﬂfie. 2 Tf two planes are not Pasallel, Then Thw sngle befween fuwo Plornes (s
defined by e acate (mesms 8<90°) angle between Thecr nomal vectors.
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sechion 12..5

Example: Find i sngle behueen Thr plones Xt+j+2= ond x-244+22 = | .
Fend S‘dnmdn'c equaions Rrthe line op (ndersechon L o6 these two
Plones .
() The 0“'5/-&— between These Two plones Cs [ Some 05 T O‘Ule' el SHELE
Uormal \eefors - e
S e n,.
s n(z <‘)‘)'> nl‘(‘}’z,'s) = &&Q: e \-1+3

R Viae Vi

= CAs- 2 - 2 = 2 e o
ﬁ.m m = evﬂfc%(f"__;)d?z

b :
() 70 ?Q'ld Tha Samw\o‘lh'c e7a.do—n &ﬁ‘ﬂu— lu\-c—aﬁ CWSQJLCM (coln.m two
Plones intersect each oftar, the geomelny o) The tersechion (S & Lins.)
Ve need 5 Bnd a point on This ine.
We Cam do This \od 1Q,4¢.\.<5, 111,_;30.'&}'71\.} fle Line Passes Thaugh i
XJ-P'NM—(Z=0) :
'¥+3+2=l ) =0 =4 7(-!—3:1 ﬁw.& SO(UQM 3&8‘{0« t. £.‘N»J_ X““\JJ
x'23+32=( ) 2=0 o x—za = X=1 b g.::o
Point- (\, 9,0) (s Th Coordinates .,,2 Thn titersection "'P 2 5 DR ol w/ XJ_PIM\.G-—-
we. lﬁhoua W&,m L) [ces wm bo‘fl’\ P!wj, Mcﬁfe, ‘-1" s PCI’PCM QL'C“JQ.( 5'
beth ,,12 Their nermad vectors . Thas means by caJauJ&h'r'a Thm Cross Produet
d’? VT:;(VT;_ we (o ’Eﬂd o d«'re@&a"vﬂufés or'fh::gonal t bo?h '_"_(,o-ncf I;f_;
and m}woujc(beﬂ-—c(-‘ftdc‘wd',g Bl L

a3k
eMeEl | = 50-2F -3k (steps of calewlakion of i Cross product
k=23 have been eh‘wu‘-m}tnl)
Theredore T <quabion of a Live that Prsses Throsgh (1,0,0) ond hos Tl
x-! b B0

direchion Vecter 0—# 550,57 (s -—5—- i
s =3
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Distances: Find o ﬁ,rmuda for The distance 'D, from & Po\‘-d’ Po(xysg0 21) & T

Plons ax+bgrC2+d 0. (Problem Stafemert) P (w, 472

Let Po(xo;yo,zo)bc M'a-Pon‘nf e given P””‘"' / %
PO "0»5.,

Pp| -—<Yu—9(o 3 (d‘, 3,, 2, 2. > —b (ﬁ“, S‘“Pl‘('“’a \,.)Q(gj\

'Pfow\ - ‘ﬁjufa, we (Con See 7Z'..J‘ The distonce D ‘F"W*
Pob th Plons (5 o Sams 03 Comp,b. 7= <ayb,cy

\q (%,- %] +b(y,-Jo ) + c(z.-%a)l

b= lw"’(—

—

0,21— ‘921—-C

=)D:'(ax‘*—ba\fCZl)'iaxc+Lao+C%O) B P° LS rz"' WW ond

\[qz... bzf Q,z w\a P.uul—ow e le—— S&J‘S%}
&'Xbbaf C2+4..—:o

b
=% [D- I“"w én—Cdel (Imporfont) 0z, eby.s Oy =

J 0./2'!' bz+ C,L

Exomple : ind Tlw disfonce between . paralle] Plones lox+29-22=5 and
Sx+d--2 =1.

It s obviows That These fio Plonss ore poralie) becauge i, | 7> (Their nomsl
Vecfors ore PU“*“C«‘).E::AM,Z,,27 ’ ﬁ’-:=<5, \,-—|>

To find T disforce befupen Tise plones, we find gn o

ond we Calcolote cts o[«fsf?mcc 2 1. O‘ﬂWP/Mu—

If we set Y=2-0 on Plons on- we gef (0x+2(0)-2(8)=59
:77(»/ ond (/,0 0) (s apo.wf‘&n That Plone ( The s am acb: +rafa,

Pondoud We C,ouJA- sd’c'jond z L aﬁﬂwadscl
|50,) + L) ¢ o)1 3 3 7=

—
-—

e - -
m VBietat sl
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Sechon 2.5

EXamf)(-o,: In one J,Q pwr PreNious exomples Le shewed Thet The ’,gllouu'ua,
Pa(amht Ly ore Skeuws .

L|1 K=l t ) $=-2+3C , Z2=4. ¢

La: x=2s Y=3+ 5 1 2 :-3+4s3
Find The distence betwesns Tham
Li ond Ly ore Skey So we (am 0Ssume Thay both lie_om Plamss Pyond Py
e B Fﬁfd(cl t esch oftar. Mew we need te fud a viermo| vecter
(PerpPendiculor & i a?gme/ P'W) sud Thia Commton normed (S ar'ﬁ‘koaom)\
& both [, and L, -

= NVixNy (Y andiy e The diceeion Vectors
a’y L, omd Lz)
=130_67-5K (Thais The Commen normal Vechf)

¢ F 1’4
X -
2 3

>
- N-=

NOlA.) We h"“—J' & 'Q%J 2 Po:.n/\t i PZ P(M" (WC Could do L"{' UJ"'h‘\ P.
Plave o5 wel\)

So e Cam Wiite 0w 27(1,1:)":0"“\ gf PIOMA— F?z '
e ks et Ly et P2 So we sef S=0 oad Rud c”“l‘““j")
0# o Pot'\&* o bine LL S=ze = %-0, j»=7>) é= -3 (0,3,—3)
Equakion of plove [, - 13(%0) + (-6)( g- 3) +(-5) (2+3) = o

¥ 13%-63.53 o 18415 =p{3F-04-53 43 =00

P,
Now we find o Print on L oy sething tzo = (1, 2,4) ju L,

Now We Calenlel 1l ditonce befieen Tr Point su b sund Pla B

T 30-60-2)-5(4)43] 8 559
V3% (-6)% (-9)° V2so




