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VC.02 Perpendicularity
GiveIt a Try G1

RC: 02/18/10: Excellent. Notebookcomplete.
Experiencewith thestarredproblemswill beusefulfor understandingdevelopmentslater in thecourse.

G.1) Planefundamentals*
G.1.a)

Hereareapointandavectorwith thetail of thevectorstuckat thegivenpoint:

Point 0 2− 1, ,=
Vector 2 3 4, ,=
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Throwaplot of aplaneperpendicularto thegivenvectorandpassing
throughthegivenpoint into theplot above.
Write downthexyz-equationsfor thisplane.

Point 0 2− 1, ,=
Vector 2 3 4, ,=

x y z, , Point− Vector• 0=
0 2− 1, ,− x y z, ,+ 2 3 4, ,• 0=  Substitute

3 y 2+ 4 z 1− 2x+ + 0=  Expand
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3 y 2+− 2x− 1+=  Isolate
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Theequationis z=
1
4

- 3 y + 2 - 2 x + 1.

MWK 1/7/10
RC: 01/08/10:Good.

G.1.b.i)
Herearethreepoints:

PointA 2− 1 4, ,=
PointB 3 1 8, ,=
PointC 9− 5− 0, ,=
VectorB PointB PointA−=

VectorB 3 1 8, , 2− 1 4, ,−=  Substitute

VectorB 5 0 4, ,=  Expand

VectorC PointC PointA−=
VectorC 2− 1 4, ,− 9− 5− 0, ,+=  Substitute

VectorC 7− 6− 4−, ,=  Expand

Plane uuuuuuuuuuuu vvvvvvvvvvvv, PointA uuuuuuuuuuuu VectorB vvvvvvvvvvvv VectorC+ +=
ulow 1−=
uhigh 1=
vlow 1−=
vhigh 1=

10

5

-5

5

z
0

0

0
-5

5

-5

y
-10

10

-10
x

15

-15

Pickoneof thepointsandaddthetwo vectorsrunningfrom thispoint to eachof theothertwo points.
Usewhatyouseeto plot theplaneonwhichall threepointsreside.
Confirmyourwork by showingthethreepointson theplaneplot.

Plottedabove.MWK 1/7/10
RC: 01/08/10:Good.
Tip

G.1.b.ii)
Herearetwo linesin 3D:
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LineA tttttttttttt 1 2 1, , tttttttttttt 1− 1− 1, ,+=
LineB ssssssssssss 1− 0 1, , ssssssssssss 1 1 0, ,+=
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At whatpointdo theselinesintersect?
Plot theplaneonwhichbothof theselinesreside.
Confirmyourwork by showingthelinesandtheplanein thesameplot.
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LineA tttttttttttt 1 2 1, , tttttttttttt 1− 1− 1, ,+=
LineA tttttttttttt tttttttttttt− 1+ tttttttttttt− 2+ tttttttttttt 1+, ,=  Expand

LineB ssssssssssss 1− 0 1, , ssssssssssss 1 1 0, ,+=
LineB ssssssssssss ssssssssssss 1− ssssssssssss 1, ,=  Expand

Intersect LineA 0=
Intersect 1 2 1, ,=  Substitute

-4x-2

-4

z
-2

-2 y 0
00

2

4

2

  5− 4...  = west...east True Proportions

  4− 2...  = south...north     cropped Moderately

  5− 5...  = bottom...top     as seen through a 

Normal  lens

GraphBuilding Blocks
 Surface at Plane u v,  where 

u ulow uhigh...=  and v vlow vhigh...= ; 

April Lighting  surface has mesh

 and is shaded using Solid  coloring;

White  is the solid color.

 Vector field filled normally  from Intersect
 size True Size  pointing towards VectorB
 where ? with One variable-length arm  and 

an arrowhead  colored Red .

 Vector field filled normally  from Intersect
 size True Size  pointing towards VectorA
 where ? with One variable-length arm  and 

an arrowhead  colored Red .

 Scatter plot of Intersect where ? using 10
 point spots  colored Blue .

 Curve at LineA t  where t 3− 3...=
 with a heavy  line, colored Blue .

 Curve at LineB s  where s 4− 5...=
 with a heavy  line, colored Blue .

VectorA LineA 1 Intersect−=
VectorA 0 1 2, , 1 2 1, ,−=  Substitute

VectorA 1− 1− 1, ,=  Expand

VectorB LineB 1 Intersect−=
VectorB 1 2 1, ,− 0 1 1, ,+=  Substitute

VectorB 1− 1− 0, ,=  Expand

Plane uuuuuuuuuuuu vvvvvvvvvvvv, Intersect uuuuuuuuuuuu VectorA vvvvvvvvvvvv VectorB+ +=
ulow 4−=
uhigh 4=
vlow 4−=
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vhigh 4=
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Plottedabove.MWK 1/7/10
RC: 01/08/10:Good.

G.1.c.i)
Whatdoyougetwhenyou intersecttheplaneswith xyz-equations

x+ y− z = 1
and

−x+ 2 y+ 3 z = 6?
Giveaparametricformulathatdescribesthepointson this
intersectionandconfirmyourwork with aplot.

I amhavingabit of troubleconvertingthesexyz
andparametricequationsbackandforth. Canyou
givemeabit of helpon this?MWK 1/7/10
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x y z−+ 1=
z x y 1−+=  Isolate

z
1

x y 1−+=

z
1

1−=  Substitute

z
1

0=  Substitute

z
1

0=  Substitute

x 0=
x 1=
y 0=
y 1=
Creatingvectorsfor thefirst plane.

CenterpointA 0 0 1−, ,=
PointAA 1 0 0, ,=
PointAB 0 1 0, ,=
VectorAA PointAA CenterpointA−=

VectorAA 1 0 0, , 0 0 1−, ,−=  Substitute

VectorAA 1 0 1, ,=  Expand

VectorAB PointAB CenterpointA−=
VectorAB 0 1 0, , 0 0 1−, ,−=  Substitute

VectorAB 0 1 1, ,=  Expand

VectorA VectorAA VectorAB×=
VectorA 1 0 1, , 0 1 1, ,×=  Substitute

VectorA 1− 1− 1, ,=  Expand

x− 2y 3z+ + 6=

z 1
3

x 2y− 6+=  Isolate

z 1
3

x 2
3

y− 2+=  Expand

z 2=  Substitute

z 7
3

=  Substitute

z 4
3

=  Substitute

CenterpointB 0 0 2, ,=

PointBA 1 0 7
3

, ,=

PointBB 0 1 4
3

, ,=

VectorBA PointBA CenterpointB−=

VectorBA 0 0 2, ,− 1 0 7
3

, ,+=  Substitute

VectorBA 1 0 1
3

, ,=  Expand

VectorBB PointBB CenterpointB−=

VectorBB 0 0 2, ,− 0 1 4
3

, ,+=  Substitute

VectorBB 0 1 2
3

−, ,=  Expand

VectorB VectorBA VectorBB×=

VectorB 1 0 1
3

, , 0 1 2
3

−, ,×=  Substitute

VectorB 1
3

− 2
3

1, ,=  Expand

Normalvector VectorA VectorB×=

Normalvector 1− 1− 1, , 1
3

− 2
3

1, ,×=  Substitute

Normalvector 5
3

− 2
3

1−, ,=  Expand

This is thedirectionvectorof theline. MWK 2/14/
10
Punkt 0 0 0, ,=
IntersectLine tttttttttttt Point tttttttttttt Normalvector+=

IntersectLine tttttttttttt Point tttttttttttt
5− 2 1−, ,+=  Substitute
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−

3
1−, ,+=  Substitute

IntersectLine tttttttttttt Point 5
3

tttttttttttt− 2
3

tttttttttttt tttttttttttt−, ,+=  Expand

IntersectLine tttttttttttt 0 9
5

4
5

, , 5
3

tttttttttttt− 2
3

tttttttttttt tttttttttttt−, ,+=  Substitute

IntersectLine tttttttttttt
5
3

tttttttttttt− 2
3

tttttttttttt
9
5

+ tttttttttttt− 4
5

+, ,=  Expand

Point 0 9
5

4
5

, ,=

RC: 01/08/10:You just havetwo "z" variables; oneneedsto havea
different name(or a subscript). I havecorrected for you.
Thatdoeshelpmeagreatdeal,but I amstill trying
to figureouta 'neat' way to convertanxyz
formulato parametricform. Canyouhelpme?
MWK 1/7/10
RC: 01/21/10: Soget the following information:

a)Thenormalvectorsto theplanes

b) How will thecrossproductof thesenormalvectorsberelatedto the
intersectionof theseplanes?

c) To parameterizea line youneed: apointP on theline, andadirection
vectorD.
I wasableto find thenormalvectorsto theplanes.
I can't figureouthow thecrossproductof these
normalvectorsis relatedto theintersectionof the
planesthough.MWK 2/12/10
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?
Theformulafor theline is IntersectLinet =

-
5
3

t ,
2
3

t +
9
5

, - t +
4
5

. I addedpointsalong

theline to clarify theplot. MWK 2/14/10
RC: 02/18/10: Good.
Tip

If youaddthetwo equations

x+ y− z = 1, and

−x+ 2y+ 3z= 6
andget

3y+ 2z= 7,

youaren't done,because3y+ 2z= 7 is thexyz-equationof aplanepassingthrough 1,0,
7
2

with normalvector 0,3,2 .

G.1.c.ii)
How canyou tell withoutplotting thattheplanes

x+ y− z = 1
and

x+ 4y+ 5z= 6
cuteachotherat right angles?

Wecanfind thenormalvectorfor eachplane,and
thentakethedotproductof thetwo normalvectors.
Sincethedotproductequals0, thetwo planesare
perpendicular.MWK 2/14/10
RC: 02/18/10: Good.
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x y z−+ 1=
z x y 1−+=  Isolate

z 1−=  Substitute

z 0=  Substitute

z 0=  Substitute

x 0=
y 0=
x 1=
y 1=
CenterpointA 0 0 1−, ,=
PointAA 1 0 0, ,=
PointAB 0 1 0, ,=
VectorAA PointAA CenterpointA−=

VectorAA 1 0 0, , 0 0 1−, ,−=  Substitute

VectorAA 1 0 1, ,=  Expand

VectorAB PointAB CenterpointA−=
VectorAB 0 1 0, , 0 0 1−, ,−=  Substitute

VectorAB 0 1 1, ,=  Expand

NormalA VectorAA VectorAB×=
NormalA 1 0 1, , 0 1 1, ,×=  Substitute

NormalA 1− 1− 1, ,=  Expand

x 4y 5z+ + 6=

z 1
5

x− 4y− 6+=  Isolate

z 6
5

=  Substitute

z 1=  Substitute

z 2
5

=  Substitute

x 0=
y 0=
x 1=
y 1=

CenterpointB 0 0 6
5

, ,=

PointBA 1 0 1, ,=

PointBB 0 1 2
5

, ,=

VectorBA PointBA CenterpointB−=

VectorBA 1 0 1, , 0 0 6
5

, ,−=  Substitute

VectorBA 1 0 1
5

−, ,=  Expand

VectorBB PointBB CenterpointB−=

VectorBB 0 0 6
5

, ,− 0 1 2
5

, ,+=  Substitute

VectorBB 0 1 4
5

−, ,=  Expand

NormalB VectorBA VectorBB×=

NormalB 1 0 1
5

−, , 0 1 4
5

−, ,×=  Substitute

NormalB 1
5

4
5

1, ,=  Expand

Dot NormalA NormalB•=

Dot 1− 1− 1, , 1
5

4
5

1, ,•=  Substitute

Dot 0=  Expand

Tip

G.1.d)
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Whenyou taketheaggregate(collection,set)of all linesthroughthepoint

3,−4,7
thatarealsoperpendicularto agivenvector

a,b,c ,
whatdoyouget?

Giveanequationthatdescribesthepoints x,y,z on thisaggregateof lines.

Point 3 4− 7, ,=
Vector a b c, ,=

x y z, , Point− Vector• 0=
3 4− 7, ,− x y z, ,+ a b c, ,• 0=  Substitute

x 3− y 4+ z 7−, , a b c, ,• 0=  Expand

a x 3− b y 4+ c z 7−+ + 0=  Expand

?
a x - 3 + b y + 4 + c z- 7 = 0. MWK 2/14/

10
RC: 02/18/10: Good.
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