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1. (a) Given that sin’0 + cos?>@ = 1, show that 1 + tan?0 = sec?.
(2)
(b) Solve, for 0 < 0 <360°, the equation
2 tan’6 + sec = 1,
giving your answers to 1 decimal place.
(6)
_ J
2
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1 a in2 2 M1
@) Dividing by cos’@: sz 0 c052 0 _ 12
cos"@ cos"@ cos

Completion : 1 +tan’@ =sec’ @ (no errors seen) Al (2)
(b) Useof 1+tan*@ =sec’@: 2(sec’d —1) +secl =1 M1

[ 2sec’ @ +secd —3=0]

Factorising or solving: (2sec@+ 3)(secd —1) =0 MI1

[ secld = — > or secl = 1]

2
0=0 B1
M1 Al
cosf = — = ;  0,=131.8°
3
0, = 228.2° AN (6)
[Alft for 6, = 360°— 6, ]
(8]
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2. (a) Differentiate with respect to x
(i) 3 sin’x + sec2x,
3)
(i) {x+In(2x)}>.
3)
2
Given that y = L()xzw’ x#1,
(x=1)
(b) show that d_y= __ 8 T
dx (x=1) 6)
\_ J

|
N 2 3 4 9 4 B 0 4 2 0
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2 (a) | (1) 6sinXcosX + 2sec2Xxtan2X MIA1AI
3)
or 3 sin2X + 2sec2Xtan2X [M1 for 6 sin x]
ii BIM1Al
(ir) 3(x + In2%)%(1 + 5
X 3)
[ B1 for 3(x+1In2x)°]
(b) Differentiating numerator to obtain 10x — 10
Differentiating denominator to obtain 2(x-1)
Using quotient rule formula correctly:
2 2
To obtain dy _ (x=1)7(10x —10) — (5x : 10x + 9)2(x — 1)
dx (x=1
2 2
Simplifying to form 2(x = D = 1) (45X 10x +9)
(x=1)
- __8 5 * (c.s.0.)
(x-=1
3 (a) S5x +1 3 B1
X+2)(x-1) x+2
_ Sx+1-3(x-1 M1
(X+2)(x-=1)
M1 for combining fractions even if the denominator is not lowest common
_ 2X + 4 _ 2x+2) 2 % M1 Al cso
X+2)x-1)  (xX+2)x-1) x-1 4)
M1 must have linear numerator
b M1Al
®) y=—2 = Xy-y=2 = Xy =2+y
Al 3
Fl= 2% g )
X
M1
fg(x) = — 2 (attempt) [ 2 ]
X~ + 4 "g" -1
. . M1; Al
Setting X22+ = % and finding X*=...; x=%2 ’ 3)
[10]
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3. The function f is defined by
fix— 25x+1 - 3 , x>1.
X+x-2 x+2
2
(a) Show that f(x)= 7 x>1.
i )
(b) Find f'(x).
3)
The function g is defined by
g:x—>x>+5 xe R
1
(c) Solve fg(x)= 7.
3)
J

6

N 2 3 4 9 4 B 0 6 2 0
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2 (a) | (1) 6sinXcosX + 2sec2Xxtan2X MIA1AI
3)
or 3 sin2X + 2sec2Xtan2X [M1 for 6 sin x]
ii BIM1Al
(ir) 3(x + In2%)%(1 + 5
X 3)
[ B1 for 3(x+1In2x)°]
(b) Differentiating numerator to obtain 10x — 10
Differentiating denominator to obtain 2(x-1)
Using quotient rule formula correctly:
2 2
To obtain dy _ (x=1)7(10x —10) — (5x : 10x + 9)2(x — 1)
dx (x=1
2 2
Simplifying to form 2(x = D = 1) (45X 10x +9)
(x=1)
- __8 5 * (c.s.0.)
(x-=1
3 (a) S5x +1 3 B1
X+2)(x-1) x+2
_ Sx+1-3(x-1 M1
(X+2)(x-=1)
M1 for combining fractions even if the denominator is not lowest common
_ 2X + 4 _ 2x+2) 2 % M1 Al cso
X+2)x-1)  (xX+2)x-1) x-1 4)
M1 must have linear numerator
b M1Al
®) y=—2 = Xy-y=2 = Xy =2+y
Al 3
Fl= 2% g )
X
M1
fg(x) = — 2 (attempt) [ 2 ]
X~ + 4 "g" -1
. . M1; Al
Setting X22+ = % and finding X*=...; x=%2 ’ 3)
[10]
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4. f(x)=3e*—%Inx -2, x>0.
(a) Differentiate to find f'(x).
3)
The curve with equation y = f(x) has a turning point at P. The x-coordinate of P is a.
(b) Show that a = e
()
The iterative formula
Xps1 = %e*)‘n > X = 1’
is used to find an approximate value for a.
(c) Calculate the values of xy, x,, x3 and x4, giving your answers to 4 decimal places.
()
(d) By considering the change of sign of f’(x) in a suitable interval, prove that o = 0.1443
correct to 4 decimal places.
(2)
\ J
8

N 2 3 4 9 4 B 0 8 2 0
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4 (a) X 1 MIA1AI
f'(x) =3¢ - —
(0 =3¢~ 3
Ml
3" - 1. 0
2X
1 -« Al cso
6ae” =1 =— *
= 6ae =>a - e *) )
(©) | x, =0.0613..., x, =0.1568.., X, =0.1425..., x, = 0.1445.... M1 A1 (2)
[M1 at least X, correct, Al all correctto 4 d.p.]
@D | e ey AL L .
Using f'(x) =3¢ — E™ with suitable interval
X
e.g. f'(0.14425)=-0.0007 Ml
f’ (0.14435) =+ 0.002(1)
Accuracy (change of sign and correct values) Al 2)
[9]
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5. (a) Using the identity cos(4 + B) = cosA cosB — sinA4 sin B, prove that
cos24 =1 -2 sin’4.
(2)
(b) Show that
2sin 20 —3 cos 20 — 3 sin O + 3 =sin O (4 cos O + 6 sin O — 3).
“)
(c) Express 4 cos 0 + 6 sin 0 in the form R sin(@ + «), where R>0and 0 < a < 3 7.
“)
(d) Hence, for 0 < 6 <7, solve
2 sin 20 = 3(cos 20 +sin 0 — 1),
giving your answers in radians to 3 significant figures, where appropriate.
)
\ J
10

N 2 3 4 9 4 B 01 0 2 0
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5 (a) | cos2A = cos’ A —sin® A (+ useof cos’ A +sin’ A= 1) M1
=(1 —sin®A);—sin® A =1 -2sin A (%) Al )
(b) 2sin26 —3co0s26 —3sin@+3 =4sin@cos@;—-3(1-2sin” #)—3sinH +3 Bl; Ml
M1
= 4sinfcosd + 6sin’ @ — 3sin
Al 4
= sin@(4cosf + 6sinf — 3) (*) @
(c) | 4cos@ + 6sinf = Rsinfcosa + Rcosfsina
Complete method for R (may be implied by correct answer)
[ R? =4 +6°, Rsina =4, Rcosa =6] M1
R=+/52 or7.21 Al
Complete method for a; o =0.588 (allow 33.7°) M1 Al (4)
(d) | sin@ (4cos@ + 6sinfd —3)=0 M1
=0 Bl
M1
sin(@ + 0.588) = 3 =0.4160.. (24.6°
J52
0 + 0.588 =(0.4291), 2.7125 [or & + 33.7°=(24.6°), 155.4°] dM1
0=212 cao Al %)
[15]
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6. Figure 1
VA
10 3 >
b
(1, a)
Figure 1 shows part of the graph of y = f(x), x € R. The graph consists of two line
segments that meet at the point (1, a), @ <0. One line meets the x-axis at (3, 0). The other
line meets the x-axis at (-1, 0) and the y-axis at (0, b), b <O0.
In separate diagrams, sketch the graph with equation
(@) y="fx+1),
2
(b) y=1f([x]).
3
Indicate clearly on each sketch the coordinates of any points of intersection with the axes.
Given that f(x) = |[x — 1| — 2, find
(c) the value of a and the value of b,
2
(d) the value of x for which f(x) = 5x.
C))
\ J
14

N 2 3 4 9 4 B 0 1 4 2 0
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6. (a) R Translation < by 1 M1
y
— U/Z » X Intercepts correct Al (2)
o)
(b) y A X > 0, correct “shape” B1
[provided not just original]
> 0 3/ X’ Reflection in y-axis B1V
b
Intercepts correct Bl 3)
()] a=-2, b=-1 B1 Bl (2)
(d) | Intersection of y = 5x with y=—x-1 MI1Al
Solving to give X =— é MIAL (4
[11]

[Notes:

(1) If both values found for 5x =—Xx—1 and 5x = x— 3, or solved
algebraically, can score 3 out of 4 for x =— é and X =—%;

required to eliminate X = — % for final mark.

(i1) Squaring approach: M1 correct method,
24x* +22x + 3 = 0 ( correct 3 term quadratic, any form) Al
Solving M1, Final correct answer Al.]
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7. A particular species of orchid is being studied. The population p at time ¢ years after the
study started is assumed to be
2800a " .
=——5—> Where a is a constant.
I+ae
Given that there were 300 orchids when the study started,
(a) show thata =0.12,
3
(b) use the equation with a = 0.12 to predict the number of years before the population
of orchids reaches 1850.
“)
(C) Show that p= %
d2+e™
1)
(d) Hence show that the population cannot exceed 2800.
(2)
(& S

18

N 2 3 4 9 4 B 0 1 8 2 0
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7 Ml
@ | Setting p=300att=0 = 300= 2200
l1+a
(300 =2500a); a=0.12 (cs.0) * dM1A1 (3)
b 0.2t MI1A1
® 1550 2800012)e = pox _ 5.
1+ 0.12¢~
Correctly taking logsto 0.2t=1Ink Ml
t=14 (13.9.) Al 4)
(c) | Correct derivation:
(Showing division of num. and den. by ¢**' ; using a) Bl (1)
(d) | Using t > o, e ** > 0, M1
Al 2
p— 336 = 2800 @
0.12
[10]




