Chapter 11 Study Notes Last Updated: 12/31/18

Vectors and the Geometry of Space

1. The magnitude of a vector: ||v|| = /v} + v3 + v2

e CalcView: Section 1, Exercise 21 Video.

2. The dot product: u-v = ujvy + ugvs + usvs

e CalcView: Section 3, Exercise 3 Video.
e CalcView: Section 3, Exercise 19 Video.

i j k
3. The cross product: u x v=| u; us usg
v Uz Vg

e CalcView: Section 4, Exercise 7 Video.

4. Normalize a vector: u = |V
v

e CalcView: Section 1, Exercise 35 Video.
e OBJECTIVE: Given v, find unit vector u in the same direction. Then verify u has length of one.
e STEPS:

1) Write vector in component form.

2) Divide each v component by the magnitude.

3) Use formula above.

4) To verify length of one, take magnitude of u.

5. Angle between vectors: cosf = v
[l []]v]|

e CalcView: Section 3, Exercise 13 Video.
e OBJECTIVE: Given u and v, find the angle between them.
e STEPS:

1) Write vectors in component form.

2) Take dot product of u and v.

3) Take magnitude of u and v.

4) Use formula above.


http://www.calcview.com/calculus-11e/11/1/#CVV_hEvpkWvupU8
http://www.calcview.com/calculus-11e/11/3/#CVV_Z68yHBNYHi0
http://www.calcview.com/calculus-11e/11/3/#CVV_Ub1hEx4Qnwg
http://www.calcview.com/calculus-11e/11/4/#CVV_5y1WKej74VM
http://www.calcview.com/calculus-11e/11/1/#CVV_YX5wznh9ulA
http://www.calcview.com/calculus-11e/11/3/#CVV_3Mn8r2XlE-4

6. Projection: proj,u = (|u ||‘;> v
v

e CalcView: Section 3, Exercise 37 Video.
e OBJECTIVE: Given u and v, find (1) projection of u onto v, and (2) vector component of u
orthogonal to v.
e STEPS:
1) Write vectors in component form.
2) uU=wg+ W,
3) Find w; = projection of u onto v:
a) Take dot product of u and v.
b) Take magnitude squared of v.
c) Use formula above.
4) Find vector component of u orthogonal to v, which is w, = u — w;.

7. Direction Cosines: cosa = |@1| cos = —— COsY = ——
v

e CalcView: Section 3, Exercise 31 Video.

U1 Uz Uz
8. Volume of a parallelepiped: [u-(vxw)| =| v; vy w3
Wy Wz W3

e CalcView: Section 4, Exercise 35 Video.
o OBJECTIVE: Use triple scalar product to find volume of parallelepiped.
e STEPS:
1) Write vectors in component form.
2) Write 3x3 matrix using vector components.
3) Use first row components of matrix as coefficient for each of the three cross-products.
4) Take absolute value of result.

9. Distance between two points: D = /(25 — 21)2 + (yz — 11)? + (23 — 21)2

e CalcView: Section 2, Exercise 25 Video.

10. Midpoint: (@”1 vt z2+21)

2 ° & " 2

e CalcView: Section 2, Exercise 33 Video.


http://www.calcview.com/calculus-11e/11/3/#CVV__1zVs3a0cXk
http://www.calcview.com/calculus-11e/11/3/#CVV_ViMUq0wUnXo
http://www.calcview.com/calculus-11e/11/4/#CVV_xca7L2ProQM
http://www.calcview.com/calculus-11e/11/2/#CVV_PPpNw3xI5UA
http://www.calcview.com/calculus-11e/11/2/#CVV_oyhReXabgeo

11. Equation of a Sphere: {z — 24)* + (¥ — 90)* + (2 — 2)* =71°

e CalcView: Section 2, Exercise 39 Video.
e OBJECTIVE: Given endpoints of diameter of a sphere, write standard equation of the sphere.
e STEPS:

1) Find center first, then radius.

2) Find center by using the Midpoint Formula.

3) Find radius by using Distance Formula and multiplying it by 1/2.

4) Write equation and leave radius computed with a square over it.

12. Parametric Equation of a Line: x =xq+ af, y =1y +bf, z=12zy+ct

e CalcView: Section 5, Exercise 9 Video.
e OBJECTIVE: Find parametric set of equations, then symmetric set of equations, of the line passing
through a given point and parallel to a given vector v. (Write direction numbers as integers).
e STEPS:
1) Write vector in component form. This is the Direction Vector, v = <a, b, c>.
2) Find parametric equations:
a) X=Xo+at
b) y=yo+bt
C) z=z+ct
d) Where,
i.  Xo, Yo, Zo are coordinates of given point.
ii. a, b, c are direction numbers from direction vector.
3) Find symmetric equations:
a) Use Formula 13 below and substitute known values for Xo, Yo, Zo and a, b, c.
b) If get 0 in denominator, say “not possible for symmetric equations”.

e CalcView: Section 5, Exercise 15 Video.
e OBJECTIVE: Given two points P and Q, find parametric set of equations, then symmetric set of
equations, of the line passing through the points. (Write direction numbers as integers).
e STEPS:
1) Find vector PQ to use as the Direction Vector, v = <a, b, c>.
2) Find parametric equations:
a) X=Xp+at
b) y=yo+bt
C) z=z+ct
d) Where,
i.  Xo, Yo, Zo are coordinates of either point.
ii. a,b,caredirection numbers from direction vector.
3) Find symmetric equations:
a) Use Formula 13 below and substitute known values for Xy, Yo, Zo and a, b, c.
b) If get 0 in denominator, say “not possible for symmetric equations”.

*wozy*yozzfzo
a b c

13. Symmetric Equation of a Line:

e CalcView: Section 5, Exercise 9 Video. (See above)
e CalcView: Section 5, Exercise 15 Video. (See above)


http://www.calcview.com/calculus-11e/11/2/#CVV_wtliSv8I3E0
http://www.calcview.com/calculus-11e/11/5/#CVV_tIj3NrL3obw
http://www.calcview.com/calculus-11e/11/5/#CVV_C6vrCnyarS4
http://www.calcview.com/calculus-11e/11/5/#CVV_tIj3NrL3obw
http://www.calcview.com/calculus-11e/11/5/#CVV_C6vrCnyarS4

14. Standard Form of a Plane: a(x — zo) +b0(y — o) + {2 —20) =0

e CalcView: Section 5, Exercise 39 Video.
e OBJECTIVE: Given a point and a perpendicular vector n, find equation of the plane.
e STEPS:
1) a, b, c, are components of a normal vector (perpendicular to plane).
2) Xo, Yo, Zo are coordinates of a point that lies on the plane.
3) Substitute into Standard Form above.
4) To check, substitute given point into obtained equation of the plane to ensure equals 0.

e CalcView: Section 5, Exercise 47 Video.
e OBJECTIVE: Given three points P, Q, R, find equation of the plane.
e STEPS:
1) To find equation of the plane, need:
a) A point on the plane. Can choose any of the three.
b) A normal vector n to the plane.
i.  Find two vectors PQ and PR in component form.
ii.  Take cross-product of PQ and PR.
iil. Normal vector n gives a, b, c.
2) Substitute into Standard Form above.
3) To check, substitute given points into obtained equation of the plane to ensure equals 0.

15. Distance between a Point and a Plane: D = Hprojn@H = ﬁ%ﬁl
e CalcView: Section 5, Exercise 87 Video.
e OBJECTIVE: Given a point Q (not on the plane) and a plane, find the distance between Q and the
plane.
e STEPS:
1) Need a point P on the plane. Find that point by using equation of the plane and set two of the
variables equal to zero and solve for third variable.
2) Find direction vector PQ using component-wise subtraction.
3) Find normal vector n <a, b, ¢> by using variable coefficients of the equation of the plane.
4) Use formula above to find:
a) The dot product between PQ and n.
b) The magnitude of n.


http://www.calcview.com/calculus-11e/11/5/#CVV_X8_6lQSjPV4
http://www.calcview.com/calculus-11e/11/5/#CVV_0zKmT86VNMo
http://www.calcview.com/calculus-11e/11/5/#CVV_P9OnK2_6jQo

16, Distance between a Point and a Line: D —

e CalcView: Section 5, Exercise 95 Video.
e OBJECTIVE: Given a point Q in space and a line represented by parametric equations, find the
distance between them.
e STEPS:
1) Need four items to substitute into the formula above:
a) Q =point in space (not on the line) is given.
b) P =point on the line.
i.  Sett=0 in each parametric equation to obtain the values of x, y, z, the point on
the line.
c) Find vector PQ using component-wise subtraction.
d) Find u, the direction vector <a, b, c> that is parallel to the line.
i. Get a, b, ¢ from the coefficients of t in the parametric equations, where a
corresponds to the x-term, b to the y-term, and c to the z-term.
ii.  Write u in component form.
2) Find cross-product PQ x u.
3) Find magnitude of the cross-product PQ x u.
4) Find magnitude of u.

Chapter 11 Objectives

Section 1
Show vectors u and v are equivalent.
e CalcView: Exercise 5 Video.
e STEPS:
1) Find magnitude of u and v.
2) Find slope of uand v.

Given initial and terminal points, (1) sketch directed line segment, (2) write the vector in component form, (3) write
the vector as a linear combination of unit vectors i and j, and (4) sketch vector with initial point at origin.
e CalcView: Exercise 11 Video.

Given magnitude of v, find v in the direction of u.
e CalcView: Exercise 47 Video.
e STEPS:
1) Find magnitude of u.
2) Divide vector u by the magnitude of u to normalize u for length of one in same direction as u.
Name it vector w.
3) Multiply magnitude of v with vector w.

Find the component form of v given its magnitude and direction (angle theta).
e CalcView: Exercise 49 Video.
e STEPS:
1) Multiply magnitude of v with <cos(theta), sin(theta)>



http://www.calcview.com/calculus-11e/11/5/#CVV_Cc_zxTba-6c
http://www.calcview.com/calculus-11e/11/1/#CVV_ACrurjmxuZ0
http://www.calcview.com/calculus-11e/11/1/#CVV_41C2SNnByXY
http://www.calcview.com/calculus-11e/11/1/#CVV_T83wUj6lo7s
http://www.calcview.com/calculus-11e/11/1/#CVV_wb3cR3BMlBw

Section 2
Given two points, find (1) component form of v, (2) magnitude of v, and (3) unit vector in direction of v.
e CalcView: Exercise 51 Video.

Determine if two vectors are parallel.
e CalcView: Exercise 63 Video.

Use vectors to determine if three given points are collinear.
e CalcView: Exercise 67 Video.

Given vector v, find unit vector in (1) direction of v, (2) opposite direction of v.
e CalcView: Exercise 79 Video.

Section 4
Given u and v, find a unit vector that is orthogonal to u and v.
e CalcView: Exercise 15 Video.

Given four points, show they are vertices of a parallelogram and then find the area.
e CalcView: Exercise 23 Video.

Find triple scaler product.
e CalcView: Exercise 31 Video.

Section 5
Given two planes, find (1) the angle between the planes, and (2) a set of parametric equations for the line of
intersection.

e CalcView: Exercise 65 Video.

Given equation of a plane, find its three intercepts.
e CalcView: Exercise 79 Video.

Given two planes, (1) verify that the planes are parallel, and (2) find the distance between the planes.
e CalcView: Exercise 91 Video.


http://www.calcview.com/calculus-11e/11/2/#CVV_IhyhUPlztek
http://www.calcview.com/calculus-11e/11/2/#CVV_hMNhjbNK2VM
http://www.calcview.com/calculus-11e/11/2/#CVV_2HmVZ8ZY4kU
http://www.calcview.com/calculus-11e/11/2/#CVV_UWxDblmTG2U
http://www.calcview.com/calculus-11e/11/4/#CVV_2SRYdOaiQXg
http://www.calcview.com/calculus-11e/11/4/#CVV_sCS8gl95Mfw
http://www.calcview.com/calculus-11e/11/4/#CVV_nfLtzpgpj1w
http://www.calcview.com/calculus-11e/11/5/#CVV_s1EEGsB4mtQ
http://www.calcview.com/calculus-11e/11/5/#CVV_4YYtCqquPlg
http://www.calcview.com/calculus-11e/11/5/#CVV_9gU3K6f_G1w

Section 6
Describe and sketch the surface generated by an equation.
e CalcView: Exercise 11 Video.

Classify and sketch the quadratic surface given by an equation.
e CalcView: Exercise 17 Video.

Find the equation for the surface of revolution formed by taking an equation in the yz-plane and revolving that
around the y-axis.
e CalcView: Exercise 31 Video.

Find the generating curve given the equation of a surface of revolution.
e CalcView: Exercise 37 Video.

Formulas Source: Professor Paul Canepa, DCCC


http://www.calcview.com/calculus-11e/11/6/#CVV_eOsgaEDaCec
http://www.calcview.com/calculus-11e/11/6/#CVV_8GkIOIVJbdE
http://www.calcview.com/calculus-11e/11/6/#CVV_Uigv2HR77ys
http://www.calcview.com/calculus-11e/11/6/#CVV_kACWZQHX38I

