2024 NCHS Prelim AM Paper 2
Student Solutions
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Solution

M 1(a)

H r
T (-=)
= ()@
=)t

Since there 1s a term independent of x,
P o
S

N:IMﬂno

=-r
"3

Since both # and r arc posiive mlcgers,
Smaliestn =5, whenr = 4.

1(b)

For the term nm»u - an

I GOV P ¢

For consiant, v = 4,
Constant = @ (5)5*(-1)*
=25

For x*,

2n - M1 =5
r=2
Coefficient of x5 = AUGVM.AL%

= 1250

Term independent of x

= ()25) + T%v:me
=0

Hence, there are no term: independent of
x

1cl
['(x) = e* + 2sin?x
= ¢ + 2(sinx)?
=5+ 1—cos2x

"(x) = WQ.Q&

d
= —(e%* + 2(sinx)?)
dx

= 5e%" + 4sinxcos x
= 5e5% 4 2sin 2x

f(x) = — £ (x) dx

Hmm.lyglnomwxnx

]
|

+

Lad
!

Given
10 f(x) + 3f"(x) — [”(x) + 7 sin 2x
+3cos2x = 10x + 43

8 W+ |m5-+
g ey e

+ 3(e5* + 2sin? x)
~ (5e** + 2sin 2x)
+ 7sin2x + 3 cos 2x
=10x + 43

2e5 4+ 10x — 5sin 2x + 10c + 3e5*
+ 6sin?x — SesF
— 2s5in2x + 7sin 2x
+3cos2x = 10x + 43

10c + 6sin?x + 3cos2x = 43
10c + 3(1 — cos 2x) + 3cos2x = 43
c=4

1 |mu.+ sin2x
M =g-—

I'(x) = e + 2sin?x

f"(x) = Am Q.Akvv
= W?r + 2(sinx)?)

=5e5% + 4sinxcosx
=5¢5* + 2sin2x

Given
10 f(x) + 3f'(x) — f"(x) + 7sin 2x
+3cos2x = 10x + 43

10 {(x) + 3(e3* + 2sin?x)
— (5% + 2510 2x)
+ 7sin2x 4+ 3 cos 2x
=10x+43

10 f(x) + 3e5% + 65sin? x — 5¢5¢
—2sin2x + 7sin 2x
+ 3cos2x = 10x + 43

10 f(x) — 25 + 5sin2x
+ 3(1 — cos 2x)
+cos2x = 10x + 43

10 f(x) — 2e* + Ssin2x + 3
— 3cos2x + cos 2x
=10x + 43

10 f(x) = 2e%% — 5sin2x + 10x + 40

Melhod |
c0s 34 = cos(24 + A)
= c052A¢0sA —sin2AsinA
=(1-2sin?A)cos A
~(2sinAcosA)sin A

-(1-2(2))(3)
-(RCD)

828
2197

Mcthod 2
c0s3A = cos(24 + A}
= cos2AcosA —sin2A4sinA
=(2cws’A-1)cosA
—(2sinAcosA)sinA

(- -1)(-D)
(DD

esr sin2x
zxvlﬂtl 5 +4
3(a) A
2N
P4 !
: -13
!
SinA = 3
T
A= 12
cosA = 3

3(b)

Sikenwr < A< wla
2<i< (2" Quadrani),

A
- g:m. =-5
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~ 1500

Gradient =

181
~Tsoo X~

v 181 247
T 715000 7S

181 247

k= -1500 T 73

lawial Temperature
Whent =0,

247
y=e7wr©

247
Inital Temperatre = 25 + 75

51.9325%C

Temperature 10 drop o half
51.9325
y= ST 25

= 0966245

When y = 0966245,
181 247 _

In(0.966245) = — _
~1=27577 _
= 27.6 min (1o3sf)

1500 T 75

4c)

Q: +02) _ NWIA

S
e _
ekt p02t &
e<
Nu
e = —

e02r
eitec — os-on

Nk_.

Tumbler Model

y= Nm1e-
lny=5-02¢

Stiep I

Draw & strmight-line graph in (a), where
the gradient of the straight hinc 1s —0.2
and the In y-intercept of 5.

-— —_—)

Siep 2:

The mntersection betwcen the 2 stright
line graphs will be the timing where the
lemperatures are equivalent.

S(a)

—

Consider &P,

3._UM$.~+>MH«M:

Consider A7,

Gde = 30— V2h
2
_ (80 -VZhY'
- 2
_(80-vzh)
- 2
GNMNHV%HE

V2

~ Total exterior area, A
= 4 x base X height + base x base

2
ua=A8|«M>V+A8|«MJ

vZ V2

_ w~o> i

V2

6400 — 160V2 h + 2h?
+

2

320V2

= h — 4h? + 3200 — 80VZ h

+ h?
= 3200 + 80V2 k — 3h?

Method 2
Consider AZ,
80~-VZh

Side = 2

~ Towl exterior area, A
= 80 x 80 — 4 x small triangle
— 4 x big triangle

= 6400 - 4 x @ (vzn)’

1= 6400 - 407
6400 — 160VZ h + 247
2
= 6400 — 4h? — 3200 + 80VZ h — h?
= 3200 + 80YZ h - 3K

5(b)

When the total exlerior area s a
. da _ 0
maximum, =0
A = 3200 + BOVZ h — 3h?
dA
e 80VZ - 6h

0 = 80vZ — 6h

wal 6(<0
= —6(<0)

=~ Als maximum.

5(c)

1042
Whenh = 045
A= 3200+ 80VZ A[:_u J

(57

= 4266 o
= 3 cm

- (52 |

¥y =3 - 5cos2x

Point N

When y = 0,

3-5cos2x=0
3

0s2x =<
nwkw

=1
cos™' =
5

0927295
2x lies in ¥ (1cj)Y 4™ quad.
2x = 5.35589

x = 2.67795

a

I

E

=3 - 5cos2x
= —=5(—sIn 2x)(2)
= 62: 2x

RIS

dy
§.&=m = -5,

10sin2x = -5

sin2x = ——

a

I
a

=2
\
L8

|

2x lies in 3%/ 4 (rej) quad.
_ Viis

6

n
=—
12

Va4
Wh =—
enx 1z

7
klwlmﬂﬁw?'@
= 7330127
.A? 7330127
= P(35.733012 v

Equanon PO, Poipt O
7
y - 7330127 = -5 (x - )
Y = —Sx + 16.4931
Wheny =0,
—5x + 164931 =0
x = 3.29862
= Q(3.29862.0)
Arva below the cusve [rom 1, 10 %,
26775
Emnu%a 3~ 5cos2x dx
T

Ssin 2x)2877™
2 Im
1
10.0338 - 6.74779
328601 units?

u

~ shaded area j
= area of tnangle — area below curve

= Y3027 ?waﬁ - NJ

T2 12
— 328601
= 5.37307 — 3.28601
= 20871 )
= 209 unis? )
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12 ‘ To prove (x + 2y) 1s a factor:

Mciizod 1
Let f{x) = 4x3 + x?y — 11xy? + 6y>.

(=2y) = 4(=2y)* + (-2y)y
= 11(=2y}y* + 6y?

= =32y + 4y’ + 22y% + 6y°

=0
Since [(—2y), by facior theorem, _
(x + 2y) 1s 8 factlor.
Mcthod 2

4r —Tyr = 3y
~+~w. 4’ + Xy - 1lxy~ + 6y

-{iz S |

Since the remamder s 0. (x + 2y) 1s a
factor. |

Hence facionse:

Mecthod | — Compare cocflicients

f(x) = (x+2y)(ax? + bx  :.°)
Companng coefficients of,
X L P
-z =7y
j-ict Ci-150n

As shown earlier

=~ f(x) = (x » 2y)(4x? — Tyx + 3y%)
= (x +2y)(x - y)(4x - 3y)

P 4200 = 44 — 48(27F)
48
(p+1) Pl — X
2 +2 44
48
27274202 = 3im

Letu =27,

48
4ul +2u =44 ——

u
(x u)
4 +2u? —44u+48=0

From (a),

48 = 6y’
y'=8

y=

From(ay x =u

From (a),
f(x) = (x + 2y)(x — y)(4x — 3y)
x)=(x+4(x—-2)4x-6)=0

x=-4 x=2
2r 2?=2
=—4(re)) ~p=1 p—

X=

NIWN] W

3
_lez

T g2
= 0.585 (ro3sl

Amplitude
=9-5

2 TS =4

D]
+
Tk
~N

LAl ]
|

a=-—4 ;

8(b) dv _
M | |
=6t-5 _
|
|
When t = 4, |

a=6(4)-5

= 19m/s?

8(b) |Far0 <t <5

()

v=3t"~5(+7

Displacement expression:

mu%uzlmht. de
3t} se?

==+
3 ~+nh

Whent =0,s =0,

Turning point:

Whenv =0,
3t7-5t+7=0
b? — d4ac = (-5)? - 4(3X(7)
= -59 (< 0)
Since b% — 4ac < 0, there 1s no tuming
point.

v=-4+77

Displacement expression:

s

L +77t+d
2 +

97.5=-2(5)?+ 77(5) + d

d=—3"
475
as=-2T+ 77 -z

Tuming post:

%Ia~+.:. dt [

Whent = 5,5 = 97.5, i

When v = 0.
-41477=0
_ 77 _ —ou
=7 =19
e © L - sovezs
a w9, s= : m
4
t
=hp = 2725 m
TJ
« J
1
s 27128 503 625
-~ total distance
= 503.625
i + (503.625 — 272.5)
=73475m

Na)

Consider ABCD, using Pythagoras
thecrem

BD = /82 +152 = 17

Consider ABXC,
€X =8cos@
BX = 8sin8

Consider ACYD,
CY = 15sin@
YD = 1Scos8

Total lengths

=AB+8+ 1S+ AD + 8D

=(CY -CX}+8+15+(BX+YD)
+ 8D

=15sn8 ~8cosd +8+ 15 + 8sind
+15cosé + 17

=40 + 23sin8 + 7 cos @ (shown)

Xb)

P=40+23smn@ + 7cosé
=40 + Rsin(8 + a)

_xu,\wwf&w

= V578
= 24.04163 = 24.0 (to 3sf)
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Q —
a =tan™! 3= 169275

= 16.9°(to 1 dp}

~ P =40+240sin(6 +169°) _

Xc)

When P = 60,
40 + 2404163 sin(6 + 16927S") —
=60
sin(8 + 16.9275°)
= 0.83189
| a = sin"} 0.83189
= 56.2834°
(8 +16.9275°) lics tn 1/ 2™ (rej) quad.
8+ 16.9275° = 56.2934°
8 = 39.3659°
=394° (10 1 dp)

max(R sin(8 + a))? = (V578) " = 578

1
M0 T (Rsm@ + )2

11

T30 +578 618

8+ 169275° = 90° _
6 =73.0725°
, = 73.1° (to 1 dp)

10(2)

Since £ 1s the midpaint of AD (given).
F is the mudpoini of DB (given),
By midpomt theorem.

1
FE==-A
3 8

L(b)
(»

£ABE
= £EDF (alternate segment theorem}

From (a)}, by mudpoint theorem,
EF L AB
tDEF
= £BAE (corresponding angles, EF
0 A8) ] |

~ AABK s similar 1o AEDF (AA similar]

om
\ A-L

From (i),
AB
ED
BE
= pF (corresponding sides of similar 4
AB X DF = BE X ED
1
AB XM;B = BE X ED
AB? = 2xX BE X ED

Since £DBA = 90° (tangent 1L
radius),
Using Pythsgoras’ theorem,

AD? - BD? =2 x BE X ED

| 10¢0)

Mecthod 1

Let £GBE bea,

£GBA = a (BG bisecls £EBA)
£GEB

= a (alternate segment theorem}
£DEB = 90° (rt £ in a sernicircle)

LGHD

= 180°

—(90° + @) (£in opp segment)
=90°—-a
=90° — £GBE

Method 2

Let £GBE be a,

£LGBA = a (BG bisects £EBA)
£DBA = 90° (tangent L radius)
£GBD =90°—-a

LGHD

= £GBD (<« inthe same segment)
=90°-a
= 90" - £LLGBE
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