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needed use g = 9.8 unless a different value is specified in the question.
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%
× x

" 272/3 = (F)2=9
19 9 ⑦9)

"3
= ✗

6

=
272/3

✗
c.
✗ Y

"
= 9×4 = ,

⑦9)213
✗ ×

"
= g

9 9×6 x2
=

a-12T
✗
3+52 = (0+52113+52) = 3.a + ara-1352+2

3- ran 3+52 (3-52113+52) 7

= 3A-12 +
a -1352

We want to multiply by the conjugate 7 7

which allows us to simplify the
denominator. = P-1952 where p=3a-12 and E= a -13

7- 7

We will first calculate the Value of the vector AB
>

:

Al} = b- a- = - I 3 = -4

H - 2 2

8 - I 9

We now will show the distance by finding the magnitude of the vector ÑB :

IAB
>

I =
, C- 4)

"

+ (2)
'

+ 1912 = Fol as required .
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To find the second derivative we must first find the first derivative :

let f-(a) = x2-15
"

then f-(a) = 4×2×1×45)
>

= > fix) = 8×1×2+513

We now want to differentiate again and we will have to use the

product rule :

If hlx)= 944 . klx) then him = 91×1 - Kix) + six) - klx)

⇒ Our hw)= f-(a) = 8×1×2+513 => 964 = 8x hence 91×1=8

KIN = ⑦2+5/3 K' (X) = 6×1×2+512

⇒ him -_ f-
"

(a) = 8×16×1×1514 + 81×2+5/3
= 48×21×2+512 + 84,2+5/3

let y= of-15 then f-
' '

(a) = 48×25-1 8g
>

manipulate into factored form .

f-
"

(x ) = 8516×2+9)

f.
"

1×1 = 81×2+51216×2-1×2+5)

=) f-
" 1×1=81×2+51217×451 L

I
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a) let North be the positive direction .

Velocity -un

1ms") ] -

2-

I -

0

's id is to
>
time

- I -

-2-

- 3-

- u -

b) The total distance travelled by the child is a scaler quantity where direction

does not matter . We sum the distances from each part of the Childs movement .

⇒ Total Distance = Speed ✗ time

=) D= V.t , + Vztz where V. = 4ms
' '

and t , = 5s

V2 = 3.5ms'
'

and tz = 7s

=) D= 4×5 + 3.5×7 = 44.5

=) Total Distance travelled by child is 44.5m

c) Displacement is found by finding the distance and direction of our child in relation

to where they started
.

Displacement = 5 = 4×5 + - (3.5×7) = - 4.5m
.

⇒ Since we have negative displacement , we conclude that the child's displacement
is he .5m South.
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a)
•Weight W acts downwards
• Force F acts downwards

.

f-N
5cm

mgg@t0cmITTT-ngrfeyvWNb1Heve.We
want to take moments about point C on the diagram .

Noting that 28g = 0.028kg , and g is the gravitational constant , we have that :

10x 0.028g = SF

=) f- = 10 ✗ 0.028g = 10×0.028×9.8 = 0.5488

5 5

=) f- = 0.549N
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a) f- (a) = x
' -1×2-8×-12

we have that (x -12) is a factor =) ✗ = -2 will give us that the value of
f-(x) evaluated at ✗ = - 2 will be 0

,
i.e. f-C- 21=0 .

⇒ f- 1- 2) = (-213+1212-81-2) - 12=0
we use this

=) f- 1-21=0 hence (x -12) is a factor of fcx) . to find out
twhat happens

b) f- (a) = x
>
+ ii. 8×-12=0 X2- X - G when we

✗+2 x
>
+ x2- 8×-12 take out

=) f-(x ) = ① +2)( x?x - 6)
y
factor.se trinomial - X

' -2×2 1×+2) as
- x2 -8×-12 a factor.

= ⑦ + 2) (x -12) / x - 3) + x
-
+ 2x

- 6×-12

=) ✗ = -2 (repeated) and ✗ =3 +6×+12

0
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a) We want to find an upper bound for the area of the cross - section .

Diagram for lower bound
we will annotate upper bound

1 1 in Red.

We have that h=
0.2

1-1×2 , hence we can fill out the following table :

X O -10.5 It 1=1.5 I 2

t h '

Is
↳ 125 'ha ↳165 ' 125

=) Area = (0.5×1/5 + 0.5×4125+0.5×410 + 0.5×4/65) ✗ 2
= 2×0.5 / ' 15+4/25+1110 + '125)
= 0.5215. . .

⇒ An upper bound for the area of the cross - section is 0.522 13 8.f)
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b) We now want to use the trapezium rule with four strips to estimate § °"

I + v2 DX

b

Trapezium rule with n=↳ :/ fix, dx = I .tn/Yo+...+Yu] where h= 44=0.5
a Ya =

' 15
,
Y, =

↳125
, Yz = 'ha

,
73=4/65

. Y↳=
' 125

2

⇒ for
☐

, +✗
z die = ( 1/5+1/25 + 2x (41251-1110+4/651) = 0.220769.. .

2

=) ) 0.2
☐

1+1,2
die = 0-221 (3 5.f) .

8C) we now want to estimate the volume of tarmac needed to make the driveway.

Area : 0.22L =) Volume = (0.221×10)×2 = 4.42ms
.

Id
Area length

we know that acceleration on

integrate Velocity differentiate =) V=/ a dt =/0.8-1+0.5 It = 0.4+2+0.5-1 + c=V.
✓

Displacement

⇒ For t :O
,
✓=3 hence 0.4T

'

-10.5T + c =3

=) C =3 by substituting in t=o ,
hence ✓ = 0.4-11+0.51-+3

.

We will now look to see if the particle is ever stationary , which would occur when V=o .

Hence
,
V = a =) 0.45 -1 C.St -13=0 .

We can now work out the discriminant of this quadratic with a = 0.4 , b = 0.5 and C =3

=) b
'
- Hae = (0.51^-410.4113)=-4.55 < o .

⇒ This equation has no real roots since b'- Hae Lo
,
hence the velocity is never 0 and the particle

will never be stationary.
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a) We want to find dy
d,,

where ✗ =
' /t'

,
Y = '/t' - ' It for t > 0 .

We know that dy = dy
at
×
dt

,
so we will first find dy and dt

.

die die dt die

=) Y -

- ¥ - ÷ then dy
at

= -3T
-"
+ t
"

and ✗ = ÷ then dx = - 2-1-3

= t
-s
- t

-
'

= t
- 2 dt

=) dt = - t
>

die 2

=) dy = dtstxdt = f- 3T
- "

+ t
-2) ✗ - t' = f- 3T

-↳

× - t
'

) - t.tt
'

= 2g . t = 6- 2T
'
= 3- t

'

.

die die 2 2 2 2 4T 2T

⇒ dy =
3- t
'

2T

as required .
die

b) line : hey -1k =L =) Y= l - K = ÷ - f-x =) %y= -
' 14

4

⇒ The tangent will be parallel when %, = -
' 14

,
so we can set the derivative of the equation of the

curve equal to this : dy = 3- t
'
= -÷ and we now want to solve for t , and hence X and y.

du 2T

=) 2/3 - t
'

) = - t =) 2T
'

- t - 6=0 =) quadratic formula : - bIb?4Ñ = I ±1-4(2)(Ñ = 1+-7 ⇒ t= 2 and

2A ↳ ↳
-1=-3

Since t > o
, we conclude that the only Valid solution is -1=2

,
which we can now use to find X and y.

Hence
,
-1=2 =) ✗ =

' /t' = ÷ and Y = ' / t' - ' It = - 31g
- =

=> The coordinates are (441-318)
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c) Recall , ✗ = ¥ and Y= -÷

We first will find t in terms of Y which will allow us to substitute this into our equation for Y.

I 1

✗ =
' It' =) t? I =) f. = x

""
=) 9=1×-4213 - ×. . ,z

= ✗
"2-
x
'"

L factarise

⇒ y = Fc / x - 1)
=

R
Normal Reaction Force

n

a) Key info : • 2kg block on table Friction Tension

f- 4 >T
•

0.8kg freehanging sphere )
4T Tension

• Friction is 0.35 ✓

w=2g " w= 0.8g weight
• At rest weight

b) We now want to find an equation of motion for block and the sphere .

• The block will be moving horizontally , hence T- F = da

• The sphere will be moving Vertically , hence 0.8g - T = 0.8A

c) We now will find the acceleration of the black

y
2g Since W= 2g and its not moving horizontally

• we first work out friction ; F- MR = 0.35-12g = 0.7g

=) T- 0.7g = La and 0.8g - T = 0.8 a

=) 1- = La -10.7g and 1- = 0.8g - 0.8A

⇒ da -10.7g = 0.8g - 0.8A
=) 2.8a= 0.1g
=) a = 0.1×9.8 = 0.35ms

-2
as required .

=
2.8
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d) 5 = 0.5m We choose our equation of motion :

u = 0ms
"

s = let + Eat
'

V = ✗ 0.5=1-210.35) -12

a = 0.35ms-2 =) t
'
= 20

7-
t = ?

Hence t = 1.69s
=

a) floc/ = X
'
- x then f- (x -1h)= (x -1h)

'
- (x -1h)

= ✗3+3×4+3och
"

-1h
>
- x - h

⇒ fix) =/im (xi-3oihi-3xht.tt?-x-h/-fx?x)--1im3x2h+3sch2-h
>
- h

n-so

= Iim ( 3×2+3>eh -1h? 1)
h-70

h h h -7C

=) fix, = 3×2-1 as required .

b) Here , we want to sketch the gradient function fix) = 3×2-1

• U parabola with turning point 10 . - 1)
• Roots : x? '13 =) ✗ = ± Yrs = > (¥ , 0) and tf ,

0)
infix)

=)

> xo ' ;!,
. . ,

¥3V3

c) We know that a point of inflection occurs when f-
"

1×1=0 .

f- 1×1=3×2-1 ⇒ fix, = Gx

Then f-
"

1×1=4--0 has one root
, namely x=o, which is our point of inflection .

This is not a stationary point since f-
'

(a) = 3105-1=-11--0 .
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a) Generally , we should assume that :

• we neglect air resistance

• Gravity is constant

• we treat our projectile as a particle .

b) Our Cartesian equation can be formed by first creating equations in both the Vertical and

horizontal Plane .

x

Horizontal : Ux= 35Case ⇒ X=(35Cos①1t ⇒ t-zsca.sc
Vertical : Uy = 355in① Y = (358in①It - Est

'

substitute in

2

⇒ 9=135Sina) . X - Igf ✗ )35Case 35Cosio
-

{÷ -
- tan 9=9.8

✗
2

+2×9.8 =

¥
=) Y = ✗ tanto) - 352

250650

c) S= 22.5m (Max height)
U= 35Sino ms

" /Vertical direction as dealing with height)
V= 0 (since the projectile is at peak of flight)
A : -9.8ms

-2

⇒ v7 ui-2as
☐ = (355in①I 21 - 9.8) (22-5)

=) 11255in'd = 4h1

=) Sin/01=0.6 ⇒ ① = 36.9°
=

We now use this angle with our Cartesian equation Y = ✗ tanto) -
×
"

250Cosio
and ✗ = 110m as this is the

distance the ware is from the start point.

⇒ Y = Hotan(36.91 - 1102 = 6.905 = 6.9m > 5m ⇒ the projectile goes over the wall .

25065436.9)
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a) We have that h = 5.15 + 3. ↳Cost

For high tide we have cost = I ⇒ hmm
,

= 5.15+3.4 = 8.55m

For low tide we have cost = - I =) hmm = 5.15 - 3.↳ = 1.75m

=> These match the high/ low tide values given in the question .

b)

i ) we have that high - tide occurs when t=1
.

When -1=1 : 8.55=5.15 + 3. ↳ Cos@+ b) µ
8.55-515=3.4 which cancels out

=) Cos /a + b) = I

=) a+b= Cos
- '

(1) = a

=) a+ b = 0
,
hence Douglas

'

modified equation is correct .

ii) We have that a minimum will occur when at -16=1800
,
Since Cosby is minimised at 1800.

and we have t such that t= 7- ' 13 = 22
.

3

Therefore, an equation for low tide will be 1.75=5.15+3.4 Cos#a + b) .

( 2213 a + b= 180)
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iii) we have a -16=0 and ¥a+b = 180°

b. = - a and b= 180°- 2}-a
↳

- a -12¥ a = 180

¥a= 180'
,

hence a = 28.42 (2 d.p) as required.

Atb = C. hence b= -28.42

c) We will now predict the range of times that Douglas can sail .

We Seth=3
,
which gives us :

3=5.15+3.4 Cos/at+ b)
⇒ 3=5.15+3.4 Cost 28.42T - 28.42) (we now Salve for t .)

=) Cos (28.42-1-28.42) = -↳3_ 5 A ✓ 0+129.224
68

T Cr 360-129.224

=> 28.42-1-28.42--129.224 and 28.42-1-28.42=230.76

=) -1=5.55 and t= 9.12 5.55 hours = Stirs -1,5¥ ✗Gamins

= 5hrs33mins

9.12 hours = 9hr5 -1 12×60
Too

= 9hrs7 mins

⇒ Douglas does not sail between 5:33am and 9:07am
.

d)
• Our model predicted that every high tide is 8.55m .

• The next high tide (8.91m) is higher, Which means that the model is not perfectly modelling reality .
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a) i : Parallel to plane and j : perpendicular to plane

jp > i

KV = -Wii - Wjj and Wi =

3d
- - - - - -

y
- - - -

E W;
K = f-mgsin30/ I + f-mgCos3o)j

v4?L
w -

.mg =) by = f- Img); + (- Bamg) I
m9 * wj mgcos3C

=

60) f
Wi

mgsin30

b) The particle is in equilibrium
,
hence the net force will add to Zero .

=) W + R + F = 0
.

-

c) f- = Gi +8J and our resultant force R is perpendicular to plane hence R= Rj .

Then we substitute into the equation W + R + F = 0
.

⇒ f- Img); + (- Bmg/ I + 6 +8 + Rj. = e2

i : - Img + 6 = o j : -

53
2mg -18

+ R = a

=) M = 6×2 = 1.22 as required.

9.8 = =) -
Fs
2
× 1.22×9.8 +8 = - R =) R = 2.35N

=
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