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1.[9] Given the vectors u =





9
3
4



 and v =





−3
1
2



, write down

(a) v + u =





6
4
6



,

(b) 7v =





−21
7
14



 ,

(c) ‖v‖=
√
9 + 1 + 4 =

√
14 ,

(d) u · v = −27 + 3 + 8 = −16.

(e) Are u and v perpendicular?

No

(f) How do you know that?

u · v 6= 0

(g) What is the cosine of the angle between u and v?

‖ u ‖=
√
81 + 9 + 16 =

√
106.

The cosine of the angle between u and v =
u · v

‖ u ‖ ‖ v ‖ =
−16√
106

√
14

.
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2.[6] Referring to the vectors u and v of question 1, find the point of intersection, if any, of
the line x = u + pv, where p is a real number, with the plane 4x+ 2y + z = 30.
Solution:

x = u + pv =





x

y

z



 =





9
3
4



+ p





−3
1
2



 =





9− 3p
3 + p

4 + 2p



.

Substitute the values of x, y, and z in the plane’s equation.

4(9− 3p) + 2(3 + p) + 4 + 2p = 30 ⇒ −8p = −16 ⇒ p = 2.

The point is (9− 3(2), 3 + 2, 4 + 2(2)) = (3, 5, 8).

3.[7] Solve for the unknown matrix X the matrix equation A+B⊤ −X = C +3I, given that

A =

[

1 2
3 4

]

, B =

[

4 −1
1 2

]

, and C =

[

3 2
1 −1

]

,

Solution:

X = A +BT − C − 3I =

[

1 2
3 4

]

+

[

4 1
−1 2

]

−
[

3 2
1 −1

]

−
[

3 0
0 3

]

=

[

−1 1
1 4

]

.
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4.[8] Given the equation x2 + 16x− 17 = 0, state in specific detail what each of

(a) the fundamental theorem of algebra,

The equation has two roots counting multiplicity.

(b) the rational-roots theorem,

Rational roots can be only ±1, ±17.

(c) the bounds theorem, and

Let M = max{16, 17} = 17 , then for any root x

| x | < M

an
+ 1 =

17

1
+ 1 = 18.

(d) Descartes’ rules of signs tells us about the equation.

There is one positive root.
If P (x) = x2 + 16x− 17, then P (−x) = x2 − 16x− 17.
So there is one negative root.

(e) Solve the equation without using the quadratic-equation formula.

x2 + 16x− 17 = (x− 1) (x+ 17) = 0. Roots are 1 and −17.


