. Society of Actuaries
in Ireland

Geometry 1 Tutorial - Solutions

Q1
Hint: Rearrange equation to equation of a line i.e. y =mx + ¢
Line Equation y=mx+c m
h Xx=3-y y=-x+3 -1
i 2x—4y=3 y=;x-2 1
2
k . — =1 i e
y 4(Zx 7) v 2x+4
4x-2y-5=0 y=2x-2 2
m —10 = L o L
X+vV3y —10=0 y=A%)x+ = =
n V3x+y —10=0 y=-/3x + 10 +3

(a) Complete table below by matching each description given to one or more of the lines.

Description

Line(s)

A line with a slope of 2

A line which intersects the y-axis at (0, —2%)

A line which makes equal intercepts on the axes

h...(0,3) &(3,0)

A line which makes an angle of 150° with the positive sense of the x-axis

m .... tan 150° = G

Two lines which are perpendicular to each other

k,l..ml*m2=-1

(b) Hint: Check P19 of your log tables for a formula.
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Slopes of lines were calucalted above as m = - % and n =-V3
Tana = 21 -m2 oy I;z_mi .... Page 19 of tables
1+mim2 1+mim2
S ES
- V3 A Gty — |
Tana = V3 = or T Vs ... discard -neg
1+(— V3 1+(— V3
T _ 1.154701 2>
ana = —/———— or S—=
=
Tana = 0.57735 or 7=
Answer: a = 30°
Q2(a)
Line Equation y=mx+c Cuts y-axis Cuts x-axis
I X+2y='4 y:—lx—z (01_2) (-410)
2
m 2x—y=-4 y=2x+4 (0, 4) (-2,0)
j x+2y=8 y=-sx+4 (0,4) (8,0)
n 2x—y=2 y=2x-2 (0, -2) (1,0)

(b) Scale is 6mm per unit —add the numbers to the diagram

(c)

Intercepts for k are {0, 2) and (4,0} ... from observation

Slope of k is

Equation of k:

{(wZ —=yi1}

{x2 —x1)

©-2)

_ 1
(4 —0) 2

(y —v1) = m(x—x1)
(y—2)=—3(x—0)
2y —4 = -x
KA4A2y—4 =0




H—\$/
/L= Society of Actuaries
/¥ inIreland
Q3(a)
Hints: - Find the slope of AC

- Turn the fraction upside-down and multiply by -1
- This gives you the slope of a perpendicular line to AC

_yz—y1) _(—2-9 —6

—_— —

T (xz2—x1) (6—-(-3)) 9

Siope of |AC|

3

Slope of Perpendicularline through B is >

Use (y —y1l) = m (x — x1) to find equation of line

. -
where (x1, y1} is (5, 3) and m is >
3
(y—3)=3(x—5)
2y—6=3x—15
IX—2y—9=0
S —
&y 4 -
i
l -4
S S - 5
—1
1> |
(b) Hints: - Find the equation of the line through C which is perpendicular to AB
- Use your answer from (a) and simultaneous equations to get the answer
o g APE —FL) f—my __ 2 _ __ 4
Slope of |BC| = (e —ael) | (—B —=my | —8& =

Slopeae of Perpendiculser line throwugh A s 8

Wse (v —yl) = m {x— x1} to find eguation of lines
where {1, vi1} Is {&, -2) and m is 8

v —(-2}) = 8 {»x— &}
w4+ 2= Bx — A8
By — vy — S5 = O

Solve the simultanscus eguations
By —yw—5D=0 and 3Ix—2v—9D=
Poimmt of intersection is {7, 8} = orthocentrs
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Q4 (a)

(b)

(c)

. (ym—wll (—6-—2) —i8 .
Slope of |AB| ﬁg 2l = = — = 2
fxz—=i} (82} £

Use {yv —y1} = m {x —x1) to find equation of line |AB|
where {(x1,v1}is {2, 2}and mis -2

ly—2)=-2{x—2}
y—2=—2x+4
2x+y—6=0

Rewrite | AB| in the format y = mx+ ¢
+y=6=0
¥==2X+8
¢ {the y-axis intercept) =6 OR vy=6whenx=0

So D is the point {0, 6}

Use the formuls  L2io0tte]
o ot 1p?
(x1,y1)is C{-2,-3) and the line (ax +by + c =0} is 2x +y—-6=0

2(-2)+1(-3)—6] _ 13

V2Z 12 R
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(d)

" .

Area of Triangle = Halfthe base by the perpendiculer height

Base = [AD] = /(2 - x1)2 4 (32 -y1)2 = 20

?¥

. . . i3
Perpendicular Heughﬁ; .
N %

az- # y ¥ 13 square un]
Area . 20 7 13 square units

Y

[3y

Q5 (a)
Hint: Area =} base x perpendicular height

Use the formula for arsa on page 18 of the tables OR
Use the triangle ares formula “half the base by the perpendicular height”

1n03u19 =
2 A

235
[OR]| ==

25
113 (" ?s {})

(b)

METHOD L: Get the equation for the line |RS| and show that E is on the line

_(2-yl) _ (0-0) 10 _ 30 _ 6
Sﬂap&aﬂﬂsl’{ﬂaﬂ} Te-(—%2)y (B 23 7 s
- % z 5 Y\ &7
Equation of [RS| is {y—vyi}=m {x—x1)....use gf@r m and {0, 10} for {x1, y1}

6 ‘ e . _
{y—m}ag{x—@? =) Sy—50=6x mm) Equation of |RS| is6x—5y+50=0

Put E {-5, 4) into the equation of the line
6{-5} -5{4) +50=-30—20+50=20.... 5o Eis on the line [RS|
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METHOD 2: Show that the slope of |RE| = slope of |ES|

SI::;;&&HES]]‘—{W’%} __(o-4 _ &

T (xz—x1)  (0—(—s) 5
lope o oz __ @G0 _ 4 _ 12 _ 6
Slope of |RE| @D 5o (_%)} % - -

So E is on the line |RS|

(c)

y=mx+c

The point E{-5, 4] is on this line, so substituting for xand y
d=5m+c .. C54E5M s A

5(0,10)

This line cuts the y-axis at {0, ¢} and the x-axis at Eés 0)

. . 125
The area of the triangle is re

i Yatw? —xvtl 28o —cr=5] = 2
This equals é‘x‘i}’z ﬁy‘ﬂﬂ = gmﬁ el m}ﬂ = 3

P

n

. . 1238 1 [arsmi?
Substituting from A above — = - ME{ *mmi* m

250m =75m® + 120 m + 48
75m? - 130m + 48=0
(5m —6)(15m —8)=0 ..{5m — 6)relates tothe line |RS|, s0
mzi and c=4+5(i) =2
15 15 3

v

0

Q6 (a) Hint: Find both slopes.

Find the slopeof L1:3x—4y-12=0
3x—4y—-12=0

4y = 3x—12
3 3
y=3x —3 ... slopeof L1= 7
} ] } i
|AB| perpendicular to L1 so slope of |ABlis — g 4 3 2 4
_O2-yy _ (-(=1) _(@+1)
Slope of |AB| = Gz -9 =5
- t+l=-4 ... t=-5

(€] 3
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Q6 (b) Hint: Use the perpendicular distance formula

(c) (i)

(i)

Use the formula for the perpendicular distance from polnt (x4, v} to lIne ax +hy + ¢=0

laxl + byl + €|
aZ + b

fx1, w1} s {10, k) and the line {ax +hy + c=0] is Ix—4dy—12=0
|3{16) — 4{k> — 12]
/3% + 47
118 — 4|

=

o ]

frow P o 12
(21, v1} is {10, k) and the line {ax +by + ¢=0} is Sx + 12y - 20=0

[5(10} + 12(k) — 20|

——

452 4122

[30 + 12k|
13

P is equidistant from [1 and [2

(18—sk) _@Go+uzk) oo (186K (30432

5o 5 i3 5 13

kz OR k=—48

Usz the formula for the perpendicular distancs to get the distance in terms of k

k>0Oso k=

ds | 18

Use one of the previous results and insert the value for k
Perpendicular distance

_(s-exy _0Q8 -4())) _ (18-3)

5 5 5 =3
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Q7
(a) Show that, for all k € R, the point P(4k—2.3k+ 1) lies on
the line [} : 3x—4y+ 10=0.
If (x.y) = (4k — 2,3k + 1) then 2
3x—4y+10 = 3(4k—2)—4(3k+1)+10 Iy

= 12k—6—12k—4+10
= 0

So the equation of [y is satisfied. Therefore

(4k—2.3k+1) lieson /. e

(b) The line /> passes through P and is perpendicular to /;. Find the equation of /> in terms of k.

We have

3x—4y+ 10

¢

—4y —3x—10

¢

Il
N
21

y X+

Therefore the slope of Iy is 3. Therefore the slope of I is i» = —%. So I has slope —% and
passes through (4k —2.3k+ 1). So it has equation

y—(3k+1) = -‘%(_x- (4k —2))

or
3y —3(3k+ 1) = —4(x— (4k —2)).

Rearranging this gives
4x+3y—25k+5=0.

(c) Find the value of k for which /> passes through the point Q(3.11).

The equation of /5 is
Ac+3y—25k+5=0.

Now (3.11) lieson /> if and only if 4(3) +3(11) =25k +5=0 25k =50 k=2. So
the &k = 2 is the required value.
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(d) Hence. or otherwise. find the co-ordinates of the foot of the perpendicular from Q to /.

When k = 2 the equation of /> is
4x+3y—45=0.

So to find the required point. we solve

3x—4y+10 = 0
4x+3y—45 = 0
simultaneously.
This is equivalent to
12x—16y+40 = 0

12x+ 9y — 135

I
©

Subtracting yields
—25y+ 175 = 0.
Therefore 25y = 175 and y = _12735 =7.

Now 3x —4(7)+ 10 =0 < 3x = 4(7) — 10 = 18 < x = 6. So the foot of the perpendicular
from Q to I/, has co-ordinates (6.7).

utions
by drawing a graph to visualise the problem.

B . Tk o et S |

R : : : : . ‘R
Jer 2 3 4 3 & T\®\ 9%
-3 3 . e —(3)
_— - — = -3
-2 5> slope of line & A a
3 Q
_+3 —
A e
1*(3)"3’. |1‘5 3

~ This gives the acute angle. The obtuse angleis 180 — 52-1 = 127-9°.
(b) | £POR| = 52-1° 2
{c) Slope of PO = slopeofj = 5 -Let slope of QR , = m.
: Use the formula to find the angle between two lines. Either slope could be
- m, and m, so there are two options:

3
-2——m . » >

tan45° = 1 =|———| or tan45* =1 = |———|.
1+=-m 1+-m

2 2
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= . ke :>1+§ s 2m= =3
= 3 2”7—2 m:>2’n—2:>m_5
1
2
B
& i AL LEEE A0 Sl L
1= 3 =>1+2m—m et bal bt et B g Bb
l+5m

From the diagram, the slope of OR, is negative, so m = -5. We know one point
on the line: (xl, ¥,) =0=(6,6).

Equation of theline: y -y, =m(x - x,) = y - (6) = (-5) (x - (6))

= 5x+y-36=0

x intercept: y=0 = 5x+(0) -36=0 = x = - 2

5
The co-ordinates of R, are (7-2, 0).




