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Sample Solutions Specialist Mathematics: Written Examination 1

Download the questions here
Question 1

1+1+l+_“+i:1—i, where ne N
2 4 8 2" 2"

a. base case when n=1 LHS :l RHS ﬂ—%zl—lzl: LHS
2 2 2 2
The statement is true when n=1
b. Assume the statement is true when n=Kk so
1 1 1 1 1
—t—t—tat o=l
2 4 8 2 2
C. Need to show that is true when n=k +1 thatis 1+1+1+....+ik+%:1—%
2¢ 2 2¢
Consider 1+l+%+....+2ik+%
1 1
2 1 1
=ty o

Since it is true when n=1and assuming it is true when n =k then it is true when n=k +1,
so by the principle of mathematical induction, it is true for ne N.

Question 2

a. 2" >n? for n>n,, where ne N.
n 1 2 3 4 5 6
on 2 4 8 16 32 64
n? 1 4 9 16 25 36

So that 2" >n* when n>5 sothat n, =5
b. The base case when n =5 it is true
Assume 2 > k? for k > 5, to show that 2 > (k +1)° = k? + 2k +1 now consider
24 =2 2" > 2k?
=k?+k?
>k?+5k since when k >5, k?>5k
=k*+2k +3k
>k?+2k+15 since when k>5, 3k >15
>k?+2k +1=(k +1)2 shown

Since it is true when n =5and assuming it is true when n=k then itis true when n=k +1,
so by the principle of mathematical induction, it is true for n>5, ne N.
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Question 3

To prove 9" —5" is divisible by 4 for all ne N.
base case n=1 LHS =9' —5' =4 this is divisible by 4.
The statement is true when n=1
Assume it is true when n=k so that 9“ —5 is divisible by 4, so that we can write
9% —5* =4a where a e N. Now consider
9k+1_5k+1 :9X9k —5X5k

=9x9“ —9x5" +4x5

=9(9* -5")+4x5"

=9x4a+4x5"

=4(9a+5")

=4b where be N so it is divisible by 4.

Since it is true when n=1and assuming it is true when n =k then it is true when n=k +1, so by
the principle of mathematical induction, it is true for ne N.

Question 4

Let p: “nis odd” and g: “n®+1 is even”, to prove P —
Using a proof by contradiction, assume that —q is true, that is n® +1 is odd
and p is true, since p is true, n is odd, we then let n=2k +1 where k € N. Now consider

n®+1=(2k +1)3 +1

= (8Kk® +12K* +6k +1)+1

=8k®+12k* +6k +2

= 2(4k° +6k* +3k +1)

=2m so n’®+1 is even, but this is a contradiction since we assumed n® +1 is odd,
Since our original assumption is false it follows that p — q it true.

Question 5

To prove ~/3++/5 >+/11, we use a proof by contradiction, assume the negation, that is
J3++5 <11 now square both sides, since if a>b then a>>b® if a>0 and b >0

(Va8 <]
3+24/15+5<11
8+ 2415 <11

215 <3 but 3<+/15 <4 so that 2+/15 >3, we have arrived at a contradiction, and therefore the
statement \/§+ JE < \/1_1 must be false, therefore \/§+ JE > Jl_l must be true.
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Question 6
The surface area of acurve y=f ( x) when rotated about the x-axis is given by

_ 2 2 2 2
ﬂ: X , 1+(d_yj 14X 2:4 X +2X = 4 > substituting
dx /42 dx 4—-x 4-x 4—-x
1
S=27ZJ Jae |2 > dx
» 4—X
1
S =2z 2dx
S=4z[x], =47(1-(-1))
S =87 units®
Question 7

The surface area of a curve x =g (y) when rotated about the y-axis is given by

b 2
S=27zJ X 14{%) dy,
dy

1
y=%x=x3 xe[0,8], x=0,y=0, x=8 y=2

y =X %:3y2, substituting
dy

s=2z[ y'\1+9y* dy
let u=1+9y* OI—u:36y3
dy

terminals, when y=0, u=1 and when y =2, u=145

145 1 1
S= Zﬂf —u?du
36

1

2 3 145
s="|%2y2
18| 3

1

3
S= 1(1452 —1j
2

S = %(145\/145 —1) units?

\‘
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Question 8
The surface area of the parametric curves x = x( t) and y=y(t )

dx dy ?
when rotated about the y-axis is givenby S =27 dt dt dt
we can use @ instead of t.

x =sin*(6) y =cos®(0) ae{o,ﬂ, 6,=0, ezzg
dx _ 3sin?(@)cos(0) | dy _ —3cos’(0)sin(0)
de de
(%T +(ﬂjz =9sin*(0)cos? (6)+9cos* (8)sin*(0)
de de
=9sin’ (@) cos® (9)(sin’ (9)+cos*(9))
=9sin’(0)cos’(0)
2 2
\/(:—Zj +(3—2j =‘3sin(6’)cos(0)‘ = gsin(ze)‘
= gsin(ze) the moduli are not needed since 6 {0%}
substituting
S= 27rjfsin‘°’(9)x33in(0)cos(49)d9
_ 2 cind
S= GEIOZSIH (6)cos(09)do
. du
let u= 0) —= 0
et u=sin(0) 10 cos(8)
terminals, when =0, u=sin(0)=0 and when & :%, u :sin(%j =1
—en
S= 67r_[0u du
el 6
S :67{—} — 2% (1-0)
5], 5
S = bz units?
5
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Question 9
The surface area of the parametric curves x=x(t) and y = y(t)when

b 2 2
rotated about the x-axis is given by S = ZnJ y(t) \/( dxj +(ﬂj dt
[

dt) Lt
x=g (t+1)’ y=%t2 0<t<l, =0, t,=1
1

%:ﬂx§x(t+l)§ d—y:t
d 3 2 dt

=2VJt+1

dx )" (dy)
(—j +(—yj :4(t+l)+t2:t2+4t+4:(t+2)2

dt dt

dx ) (dy)’

(—j +(—yj =[t+2|=t+2 since t > -2 substituting

dt dt

11 L
S=27L§ﬁa+2yn=nka3+mﬁm

¢ 2] (1 2
S=rw|—+— =7Z'(—+——0)
4 3 o 4 3

S =" units
Question 10
d—P:ZP(6—Lj, P(0)=4000
dt 8000
. . dP
a. maximum number of bacteria E =0,
6—L =0
8000

P =6x8000 = 48000

2
b. P _ofep_P
dt 8000

now the number of bacteria is growing at its fastest rate when

2
dt 4000 ) dt

P =6x4000 = 24000
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; d_P_ZP(4sooo—Pj_P(4sooo—P)
' dt 8000 4000

inverting both sides a = 4000

——— now by partial fractions
dp P(asooo—p) P

4000 A B _A(48000-P)+BP _48000A+P(B-A)
P(48000-P) P 48000-P  P(48000-P) P(48000-P)
4000 1

ting (1)B—-A=0, (2)48000A = 4000, A=B=——=—
equating (1 (2) - 48000 12

12 J\ P 48000-P
12t =log, (|P|)-log, (]48000 — P|)+ c since 4000 < P < 48000, the moduli are not needed.

12t =log, (ij using t=0, P =4000to find c
48000-P

4000 1
O=log | —— |+¢ =>c=-log.| — |=log. (11
ge[48000—4000) ge(ll) ge( )

P 11P
12t =log,| ———— |+log, (11) =log, | ———
ge(48000—Pj 9. (1) 98(48000—Pj

o 1P 48000-P _ i
48000 P’ 11P
48000— P =11Pe ™™, 48000=P +11Pe @ =P (1+ 11e‘12‘)
48000
P=P(t)= ———
) 1+11e™
Question 11

Let C :J'x2 cos(2x) dx, using integration by parts

let u=x> av_ cos(2x)
dx
du

—=2X V= Icos(Zx)dx =%sin(2x)

dx
2

C= X?sin (2x)—J'xsin(2x)dx using integration by parts again on the last term

let u=x y:sin(ZX)
dx
du
dx
N X
C =—sin(2x)- {——cos (2x)+ _[cos (2x) dx}
2 2

=1 v =Isin(2x) =—%cos(2x)

2

C= %sin(Zx)+gcos(2x)—%sin (2x)+
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Question 12
g=21—3!+l5 p:41+21—3|5
i K
~ -3 1 2 1 2 -3
axb=[2 -3 1|=i =] k
T 12 =3 ~4 -3 "4 2
4 2 -3

n=7i+10j+16k

plane using the normal through the point (3,2,1)
7(x—3)+10(y—-2)+16(z-1)=0
7x—-21+10y—-20+16z2-16=0

7x+10y+16z =57

Question 13
a. P(3,3,6), Q(l,—l,z), R(5, 2,0)

PQ=0Q-0OP =-2i-4j-4k
PR=0R-0OP =2i - j -6k

[
e — ) |4 -4 |2 -4 |2 -4
PQxPR=|-2 -4 -4|=i - +
-1 -6 |2 -6| "|2 -1
2 -1 -6
PQxPR =20i-20j +10k =10(2i -2 +k]|
for the normal we can take n=2i —2! +K
plane using the normal through the point P(3,3,6)
2(x—3)-2(y-3)+1(z-6)=0
2X—6-2y+6+2-6=0
2X—2y+2=6
b line r=2i+5k+t(2i-4j-3k) and aplane 2x—-2y+2=6

line has parametric equation x =2+2t, y=-4t, z=5-3t substitute into the plane
2(2+2t)—2(—4t)+5-3t=6
4+4t+8t+5-3t=6

9t=-3, t= —% substitute this value of t back into the line
X= 2—g :ﬂ, y :ﬂ, z=5+1 the point of intersection is KEEGJ
3 3 3 33
© Kilbaha Education https://kilbaha.com.au
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Question 14

plane 2x+y+z=7 and aline [=111+4j+3lg+t(1+2j—lg)

normal to the plane n=2i+j+k, |n|= Ja+1+1=+/6

direction of the line y=i+2j -k, |v|= J1+4+1=+6

nv=2+2-1=3
now let o be the angle between the plane and the line, and let & be the angle between the vectors
nand v, so that cos(9)=| 0|'|\~/ | now o +6=90" so that & =90° - and

nilv
sin(a) =sin(90° - 0) = cos(0) = 3l

V66 2

a=30°
Question 15

a. A(31-1), B(52,-6)
the direction of the line v= AB =0B-0A=2i + j -5k, ,
the vector equation of the line through A, is
r=3i+j-k+t(2i+j-5k)=(3+2t)i+(1+t) j+(-1-5t)k, teR

b. plane x+2y—-z=9
normal to the plane n=i+2j-k, |n|=v1+4+1=+6

direction of the line v=2i + j-5k, |v|=v4+1+25= J30

nv=2+2+5=9

now let « be the angle between the plane and the line, and let & be the angle

between the vectors n and v, so that cos(0)=| D”Y |now a+60=90° so that

nilv
. . 9 9 9
a=90°-60 and sin(a)=sin(90°-@)=cos(8)= = =

() =sin(00° ~0) =cos(0) = 5 == oot 645
so sin(a) :ﬂ
10
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Question 16
r(t)=1t% +5t +(t* ~16t )k
£(t)=2ti+5j+(2t-16)k

£(t)] = (2t)" +5° +(2t—16)° =4t + 25+ 48 — 64t + 256

v(t) = (8t* —64t+ 281);

dv_ 16t-—64

dt  2/8t2 64t + 281
r(4)=8i+5j-8k

¢ (4)]=+/64+25+64 =153 =317

=0 =>t=4

Question 17

plane (1) x+y-z=3

normal to the plane n, =1+ j—k, In|=v1+1+1=+3

plane (2) 2x—y—-2z=4

normal to the plane n, =2i - j-2k, |n,|= Ja+1+4=9=3
n.n,=2-1+2=3

cos(6) = h _ 3 L

|n1||n2| EVNE
_f

sec(8) =

Question 18

cos( )

1
The area of the triangle is —|§><t)|

—|a><b| —\/64 1 _1\/7_1\/16
:2\/5

Page 11
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Question 19

0(0,0,0), A(1,2,-1), C(3,m1), meR
OA=i+2j-k, OC=3i+mj+k
k

+k

OAx OC = -1 =

12 -1 )1 -1
3 1

1 2
3 m

:(m+2)1—4j+(m—6)lg

U

m 1

W = =
3 [ )N i Y S—

Now the area of the parallelogram is OA x(f‘ =45

J(m+2)’ +16+(m=6) =445

Jm? +4m+4+16+m2 —12m+36 = 45
J2m? —8m +56 = 45

2(m? —4m+28) =16x5=280

m? —4m+ 28 = 40

m? —4m-12=0

(m-6)(m+2)=0

m=6, —2 both answers are acceptable

Sample Solutions Written Examination 2 :
Download the questions here

SECTION A-Multiple-choice

Question 1 Answer D.

vneZ, letp: “n” is even” and : “n is even” , the given statement is p —>(

The contrapositive is —q — —p that is “if n is odd then n? is odd.

Question 2 Answer C.
f t, t,
0 2 3 3
once 8 2 8
twice 18 2 18
third time 38 2 38
© Kilbaha Education https://kilbaha.com.au
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Question 3 Answer E.

line (1) r(t)=2

( +2]—k) has direction v, =1+2j -k

line (2) r(t)=3i+ 2k+t(2|+J—k) has direction v, =2i+ j—k
1]k

ixy,=|1 2 -
2 1 -

Question 4 Answer A.

A(5,-6,4), B(-3,-1,-10)
the direction of the line v=BA=0A—-OB =8i -5 +14k,
the equation of the line through B, is r = -3i — j —10k +t(8i~—5j +14Ig)

Question 5 Answer B.

normal to the plane n= j+3k through the point (3 2, 4)
1(x-3)-1 (y—2)+3( 4)=0

X-3-y+2+32+12=0

-X+y-3z=11

Question 6 Answer D.

The distance of a plane ax+by +cz=d from the origin is S
Ja® +b?*+¢?
10 10

J25+16+144 /185

20 20
J225+144+1296  3./185
the planes are parallel, the shortest distance is the distance of each to the origin,
but their normals are pointing in the opposite directions, so the planes lie on opposite
10 20 50

+ =
J185 3185 3./185

plane (1) 5x—4y—12z =10 distance from the origin

plane (2) —15x+12y+36z =20 distance from the origin

sides of the origin, so the distance between them is

Question 7 Answer A.
~N(20,4)

Hy: u=20

H,: <20 one sided

Pr(X <C")=005 n=16, C’'=19.2

B=Pr(X>C"|u=185)=0.08075 ~ 8%
© Kilbaha Education https://kilbaha.com.au
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SECTION B
Question 1

a. 7| =

z—20is(%)‘=‘z—(ﬁ+ﬁi)‘ let z=x+Yyi
|x+yi|=‘(x—x/§)+(y—\/§)i‘
== -

X2+ y2 =x2—22x+2+y* —22y+2
232y = 4-22x
y=+2-x

b. 27 =(x+yi)(x-yi)=x"—yi*=x*+y* =4
circle centre at the origin and radius 2.

C.
Re(z)
d. The required region is the area of a sector, with radius r =2 and
2
angle 9="+2x"~ =2—”, area is A:r—(e—sin(e))
2 12 3 2
2
PN L =—4ﬂ_3\6
2 3 3 3
e. w=72°
Z, = 2cCis 2 z, =2Cis Iz , Z,=2Cis 3z as these three roots are equally
12 12 4
spaced around the circle ( they do not occur in conjugate pairs )
3
w=z°2= (ZCis(—%D = 42 - 42
© Kilbaha Education https://kilbaha.com.au
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Page 15

Z=xty i vty @
T i E +E i

u:=2-e 4

2=zl

J_t2+y2 =j_1'2—2- E-_t+y2—2- E-y+4

2
o - i o)
.1:2+y2=_t2—2' E-.ﬁryz—} E'}H--’-l

y=[2—x

2 2
xT+yT=4

Solve(t2+y2=_t2—2- E _1;+y2—2- Ey—l-ﬂl,y]

z' conj {z}=4

solve[t2+y2=4 and y=E—I,{IJ’}]

N i O {2V T {2V R
= and y= or x= and y
2 2 2
i 3+1) 2 (3-1)]2
5 12 2 2
)3 424 [2-i
e 12

xl:=

(T (5+1) 2
_1_2:_( 3+1)- )2 ([3+1) [2
L AB-) B ()l
y2: > >
(x1+y1- i}; 4-[2-4-[2-4
(x2+y2- §)> 4-[2-4-[2-i
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Quiestion 2 w_ rP[l—Lj, P(0)=500
dt 30000
dP rF,(30000— Pj _ rP(300000-P)
dt 30000 | 30000
inverting both sides E = —30000 now by partial fractions
dP  rP(30000-P)
3000 _A B _ A(30000-P)+BP 30000A+P(B-A)
P(30000-P) P 30000-P  P(30000-P) ~  P(30000-P)

equating (1) B—A=0, (2)30000A=30000, = A=B=1

tzlj(l+;]dP
r)\ P 30000-P

rt = log, (|P|) - log, (|30000— P|) +c
but since 500 < P < 30000 the moduli are not needed.

r= IOQG(L)-FC using t =0, P =500to find ¢
30000-P

0=log, (i}rc =c= —Ioge(%j =log, (59)

30000-500
= 59P
r=Ilo — |+lo 59)=1Io _—
96(30000—Pj 9. (59) ge(BOOOO—Pj
ot 50P 30000-P o
30000-P' 59P

30000— P =59Pe ™
30000 =P +59Pe " = P (1+ 59e‘“)
30000
P = —_2YrYY
( ) 1+59™"

b. P(10)=1930, rziloge 113871 0.4
10 2807

30000

d. when P =10000, t="? solving 10000:ﬂ =>t=24.2

1+59¢ %

C. when t =0, P =500, z—f=0.14x500(1—ﬂj:68.9

dP _ _(30000P P
dt 30000

d’P (BOOOO—ZdeP

]now the faster growth rate at the point of inflexion which

occurs when =T — =0, P =15000
dt 30000 dt

P =15000, t="? solving 15000:13&%% =1t=29.12
+59%e™
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P=20000

(20.12,15000)

AP
30000 p--=-====-=m——e—————————
25000
20000
15000
10000
5000
|(0.500)
10 20
deSolveGy'#-p. (1— ) andp(0)=500,z‘.lb
30000
30000- " ¢
P = e
er- r+59
, 20000 Done
Def1neﬂ(x]=
1459- e 7 X

solve(£1(10)=1930,7)

? In(11387) In(2807)
10 10

. 1n(11287) 1n(2807) 0.140
© 10 10

i 30000 Done
Define f7 (x)=

1+59-e X

i(f?(x))lx=0 68.851
dx
solve(£7(x)=15000,x) x=29.118

© Kilbaha Education
This page must be counted in surveys by Copyright Agency Limited
http://copyright.com.au

30

50 60

https://kilbaha.com.au

(CAL)


https://kilbaha.com.au/
http://copyright.com.au/

2023 Kilbaha VCE Specialist Mathematics Sample questions Solutions Page 18

Question 3

a.

plane (1) x=1+2s+3t, y=-2-5-2t, z=2-5+t
vector equation (1) [(s,t):1—2j+215+s<2i~—j—lg)+t(3i~—2j+|5)

| K
I o [2 -1 -1]-a [2 -1 -1]
b. n=2 -1 -1=-3i-5j-k
3 2 1 b=[3 -2 1] [z -2 1]
the equation of plane through P, (1,-2,2)is crossP(a,b) [-3 -5 -1]
3(x-1)+5(y+2)+1(z-2)=0
3x—-3+5y+10+z2-2=0
3X+5y+z=-5
C. the second plane contains the point P(l, 0, 3), its equation is
3(x-1)+5(y-0)+1(z-3)=0
3Xx—3+5y+2z-3=0
3X+5y+2=6
: . . d
d.i.  The distance of a plane ax+by+cz=d from the origin IS ——————
Ja’+b*+¢?
. . 5 5
lane (1) 3x+5y+z =-5 distance from the origin =
P ( ) y J J9+25+1 /35
. .. b
lane (2) 3x+5y+z =6 distance from the origin —
plane (2) y oin 7
the planes are parallel, the shortest distance is the distance of each to the origin,
but their normals are pointing in the opposite directions, so the planes lie on opposite
sides of the origin, so the distance between them is > + 6 = 1 =11\/£
J35 35 35 35
ii.  thepoint P(1,0,3) is on plane (2)
line QP: x=1+3t, y=5t, z=3+t thisintersects plane (1) 3x+5y+z=-5
3(1+3t)+25t+3+t=-5
3+9t+25t+3+t=-5, 35t =-11, t=—%
substitute into line QP : x:l—ﬁ, y:—ﬁ, z:S—E, M[i—gg—ﬂ'j
35 35 35 35 7 35
Now M is the midpoint of QP, so coordinates of Q are
xQ+1_£ yQ+O__1_1 zQ+3_%
2 3 2 7 2 35
T35 T T T s 35" 7'35
© Kilbaha Education https://kilbaha.com.au
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Question 4
a. line (1) r(t)=4i+2j+k+t(-i+j+3k) has direction v, =i+ j+3k
line (2) [(s):51+4j—2I5+s( +j+3 ) has direction Vv, =b=—i+ j+3K
consider the point P (4,2,1) on line (1) (2 -] o2 -]
and the point P, (5,4,—2) on line (2) 1 1 3]ob [1 1 3]
let a=PP, =0P; —OR =i+2j-3k.The  a-dotp(a,unitv())- unitv(s)
3 30 -9
shortest distance between these parallel lines 111 H}
is the magnitude of the vector resolute of the ( 330 _QD 3. [110
vector a perpendicular to the vector b . (i1l 1
aTA L . . 24 . \/11
‘a—(a.b)b = (|+21—3k)—(§|—§j——kj :il+@1—— 3
AT oo~ 7/\11t 11~ 117) 11t 11~ 117 11
b.  line (1) r(t)=i-3j+6k+t(3i+5j-ak), line (2) r(s)=—6i+2j+k+s(4i-10]+6k)
in parametric form line (1) x=1+3t, y=—3+5t, z=6-at
and line (2) X=—6+4s, y=2-10s, z=1+6s equating
X:1+3t=-6+4s y: -3+5t=2-10s z=6-at=1+6s
x: (3)4s—3t=7 10s+5t =5 or 2s+t=1 x2
(4) 4s+2t =2 subtracting (4)—(3)gives
5t=-5 t=-1 s=1 into z: 6+a=7, a=1
The point of intersection is found by substituting s=1 or t =—1 into the
parametric forms for the lines and gives (-2,-8,7).
C. line r(t)=i+]j —5I§+t(41+bj +2I§) is parallel to the plane 2x—-3y—-z=2
The direction of the line is V=41 +bj + 2k and normal to the plane is n=2i -3j -k .
Now these are perpendicular, so that v.n=8-3b-2=0 3b=6, b=2
Now the line is parallel to the plane, so the shortest distance between the line
and the plane is the perpendicular distance from any point on the line to the plane.
Let A(11,-5)be the point on the line when t =0.
Let P, (1,0,0) be a point on the plane, A—F’0 = O—F’O—Cﬁ\: —j +5K , now
A
In|=v4+9+1= J14 s0 a unit vector normal to the plane is fi = ﬁ(ZL—BJ —k )
as the dot product could be negative so we need to take the magnitude,
The required distance is d =\@.?ﬁ,’\=‘i(21-3j-g).(-j+515 )|= 3-5/_ 2 4
N7ARI ! N7 N VR
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Question 5
a.l. A(1,0,2), B(2,3,0), C(121)

© Kilbaha Education

AB=0B-OA=i+3j-2k, AC=0C-AO=2j-k
k

J
3 2|=i+]+2k
2 -1

:A_Bh XE:

[ I R

the plane through any of the points, use A is
1(x-1)+1(y-0)+2(z-2)=0
X-1+y+2z2-4=0

Il,: X+y+2z=5

plane IT,: x—y—z=0, the line L is the intersection of the two planes.

Page 20

Where they cross the y-z plane, when x=0,s0 (1) y+2z=5 (2)-y-z=0

solving gives y=-5, z=5, P(0,-5,5)

normal to first plane n, =i+ j+2K normal to second plane n, =i- j-k,
direction of the line is perpendicular to both normals

g ok
v=nxn,=[1 1 2/=1+3]-2K so line through P(0,-5,5) is

1 -1 -1

r(t)=(-5j+5k)+t(i+3j-2k), teR

distance of the point A(1,0,2) to the plane T1,: x—y-z=0,
let P,(1,0,1) be a point on the plane is, so AP, =OP, —~OA=—k
as the dot product could be negative so we need to take the magnitude,

3

3

to find the distance d :‘ A, A—P(;‘ =

Fi 1000 - 5-

|02|:\/§

the distance of the point A(1,0,2)to the line L now a pointon L is P(0,-5,5)

and the direction of the line v =i +3j -2k, v = V14, PA=i+5j-3k

‘PAxv‘ <|+51—3k) \/17( +3j—2l§)|
-
_y21

7
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(1 0 2]-a (1 0 2]
(2 3 0]>b 2 3 0
[1 2 1)-ec 12
nl:=crossP(b—a,c—a) 11 2
x v z]-r x v z
dotP(_r—a,nI) xty+2-z-5
n2=1 -1 -1] (1 -1 -1
crossP(nI,n.?) [1 3 -2}
p=1 0 1] (1 0 1]
dotP(a—p,unitV(rQ]) £

3
[0 -5 5]-p [0 -5 5]
a—p 1 5 -3]
[1 3 2]-v 1 3 2]
crossPla—p,v) -1 -1 -2]
norm(-1 -1 -2)) 6
norm(y) 14
s 21
4 7
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Question 6
Is (t) = 23ti +5t) + (4x/_sm( )+4\/_]

a. when it first lands 1, (t).k=0 4\/_S|n( j+4\/_ 0

sm(zt):—l, Zt:?’—”, t=3

b. the distance of the sparrow from O when it lands
I (3)= 691 +15]

|1 (3)| =697 +15° =70.6 cm

C. Vs (t)=23i+5]j +(27rﬁcos[%tjjlg

v (1)]= J232 +5+ (87[2 cos” (%tD

the maximum speed occurs when coming down, since 0 <t <3

or at cos® (%tj =1, first time when t=2

Vs (2) =230 +5] - 274/2k

|vs (2)] =28 +5"+87" =25.2cms
d. Vy (t):6i+j+(zcos(£tDk, t>0
v 1+ % 5 ) I8
. .. . (xt
r,(t)=||6i+ j+| —cos K |dt =6ti +tj+sin| — |k +cC
M()J(~J[6 (J” iy (6j
ry (0)=10i +4j+42k=c

f (
6, (t) = (61-+10)i (t+4)j+[4\/§+sin(%nlg

I5(3) 4\/§sm( j+4\/_ sm( j+4\/_

solving all (1) and (2) and verifying it checks in (3) yes it does, gives s =6, t=2
so the sparrow and the miner are at the same position but at different times,
S0 I5(2)=", (6)=46i+10] +4~/2k the point is (46,10, 4\/5)
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k=[o 0 1]

r:s{_’:}
norm[rs[ii]]

Define m{t}=%{rs[t}}

2
t
Bt

2

solve||cos

1’5[2}

norm[vs{zn

Define vs{t}=%{rs[f}}
t

0

rm[t}

?‘2‘5‘{2}

r‘m[ﬁ]

23t 51¢ 4 [2-sin

[0 0 1]
solve(dotP(rs(t) k)=0,1)j0<t<5
(69 15 0]

70.6116

23 5 27 2]

25.1586

Define rm{t}= vm{u} du-i—[l() 4 4 E]

42

s=6 and =

6-1+10 1+4 sin

Solve(r:s{t]=rm[s},{s,f })
46 10 4

46 10 4-

s

Done

=3

Done

Done

Done

}
}

2
2
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