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Solutions to first in-class test

Question 1
2 -3 1|-1 1 -1 1 1 1 -1 1 1
-3 2 2| 0 — 2 -3 1|-1 — 0 -1 -1|-3 —
1 -1 1| 1 -3 2 2| 0 0 -1 5| 3
1 -1 1| 1 1 -1 0| O 1 0 0|2
0O -1 -1|-3 — 0 -1 0| -2 — 0 1 0|2
0O 0O 6| 6 0 0 1 1 0 0 1|1

The unique solution ig; = 2,xp = 2, andxz = 1.

Question 2

The pivots are in the second and third column. The other twiabkes can be chosen freely. We can describe this as
follows:

X4 : choose freely

X3 = 1+3x

X2 = Lx(xe—Xa)=ix(1+3u-—x)=21+x
X1 . choose freely

Question 3

-1 0 1
The three sides of the triangle aPeP> = ( 1), PP — ( 1), and P3P, = ( 0), each of which has length

0 1 1
VPRI = V2

Question 4
L 1 -1 -1
(@ X=Pi+s-PiP+t-PP3=| -1 | +s- 1|+t 0.
1 0 1
1 —s -t = q +r
(b) We get the system of linear equationsl +s = —29 -—2r which we solve by Gaussian elimination:
1 +t = 2q

-1 -1 -1 -1
1 0 2 2

0 1 -2 O

-1 -1 -1 -1 -1|-1 -1 -1 -1 -1|-1
1 — 0 -1 1 1] O — 0 -1 1 1] O
-1 0 1 -2 0|-1 0O 0 -1 1(-1

From this we see thatcan be chosen freely ampgcomputes as 4 r. Substituting this back into the equation &y

1 1 1 2
givesX = (1+r)- (—Z)Jrr‘ (—2) = (—2)+r~ (—4).
2 0 2 2

Question 5
4
(a) Using the given formula to compute the normal to the twedation vectors yieldd= | 2 | which can be simplified
0

2
tof= ( 1) because the length of the normal vector doesn’t matterin§aip the normal form a&i, X) = (A, P)
0

1



0
with P = ( 0) gives us 2; + xp = 0 as the normal form foks.
0

(b) We compute the distance for each of the three points thatel = 0 in our case):

A 2-1 1 R0 (R 1
ll V2412 5 LIV LUV

We see thaP; andP; are on opposite sides &b while P is actually onE,.

Question 6

(a) We substitute the line equation into the normal form abthio —2s+ 2+ 3s=0 ors= —2. This gives us the

0 -1 2
intersection poinA= | 2 | —2- 3|=1[ -4
1 1 -1

(b) We already have the intersection pofnivhich does not need to be reflected. For a second poihtwea can choose

0
B= ( 2 ) for which the reflected point computes as

1
0 2 -8
(M, m) 1 5 \o/ 5\ &

The equation for the line throughandB' is given as

. 2 . [-18
X=AtsAB=| -4 |+tsxz-| 26
-1 10

which can be simplified to (since the length of the directienter does not matter):
2 -9
X=| -4 |+s| 13
-1 5

(a) The point? is nearest td if the line connectind® andP’ is orthogonal to the direction of the given line. Orthogo-
nality can easily be tested with the inner product (which tyiedd O for orthogonal vectors).

Question 7

(b) ForP’ on the given lind. we have the coordinates

0 -1
P=|2]+s 3
1 1
Therefore the vector frorR to P’ has coordinates

., /o -1
PP=|2]+s: 3
0 1

-1

The inner product withv = 3 | gives the equation<V,P—>P’> = 0, or substituted with actual values

1
— —S 0 -1
< .| 2+3s >:0. We gets+ 6+ 9s+s= 0 and hencs:—l%, soP =1 2 —1%- 3| =
S 1 1
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