Higher Mathematics Quest

Wave Fctn Past Papers Unit 3 Outcome 4

Written Questions

sea] 1. Express 8 cos x° — 6sin x° in the form kcos(x° +a°) where k > 0 and 0 < a < 360.

Part | Marks | Level | Calc. | Content Answer U3 0OC4
4 C CR | T13 10 cos(x° + 36-9°) 2001 P2 Q5
ol ss: expand kcos(x° +a°) ol kcosxcosa — ksinxsina stated
o2 ic: compare coefficients explicitly
o pd: process o> kcosa = 8 and ksina = 6 stated
o' pd: process explicitly
& k=10
ot 1=1369

[SQA] 2. Express 2sinx°—5cosx® in the form ksin(x-a)°, 0o <360 and k> 0.

non-cal¢e cale calc neut Content Reference : 3.4

part marks | Unit =T T—=Ta781C [A/B | Main Additional

Source

1997 P1 qu.11

4 34 4 341

= ksin(x—a)=ksinxcosa—kcosxsing stated explicitly

. kcosa=2 and ksina=5

o k=\@
o a-682

[SQA] 3. (@) Express sinx®—3cosx® intheform ksin(x-aF wherek>0and (0<a<360. Find
the values of kand 4.

(#) Find the maximum valueof 5+sinx®-3cosx® and state a value of x for which this
maximum oCccurs,

; non-calc calc calc neut Content Reference : 3.4

part marks | Unit =T T T A/ C [ A/B | Main Additional
@ 4 34 4 341 Souree
(b) 2 34 1 1 343 1992 P1 qu.7

o Krasa=d +°  maximum =5 ++10

& FEing=3 ¢ angle=1616°

@ k=410

& =716
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[SQA] 4. Solve the simultaneous equations ksinx =35
keosx =2 where k20 and 0<x <360
7 non-calc cale calc neut Content Reference : 3.4
part marks | Unit [~y 2/8] C_[A/B | Main__Additional ‘
Source
4 34 341
1995 P1 qu.13
P % [ kz(sin2 x+cos x] =29
o x=682 : 2 k=
3 2 5 5
. ¥ =25+4 or k= i & =5 or sinx=
sing8 2 1 tanx=3 or sinx ﬁ
04 k= Jiﬁ I & x=6582
[SQA] 5. Solve the equation 2sinx°-3cosx®=2-5 inthe interval 0 < x < 360.
. non-cale calc calc neut Content Reference : 3.4
part marks | Unit C |A/Bl C |A/B| C [A/B | Main Additional
Source
8 34 8 342 1999 Paper 2
Qu.9
. . . & kcod(r—u}
o strategy:e.g. vk sin{x—a) stated or implied by ¢ keosxeosa+ksinasing
. keosgem -3, kslna=2
o*  ksinxcosa— kcosxsina stated explicitly *Tirﬁ, tane=-§
3 - i =463
¢ kcosa=2 and ksina=3 stated explicitly o N
4 1-1463=461, 3138
© k=413 r=T924, 4602
& 4=883 £ =1924, 1002
3 F _ 25
o sin(x=56.3)= o
o v_563=439, 1361 136.1 stated or implied by ihe
. ) Ksin(x +a} keos{x+a)
o 100.2° and 19247 appmmmeef 1= b ksinzcose+kcosxsing  kcosxcosa—ksinxsing
keosu=2, ksing==3 keosaw -3, ksimge=-2
OR k=3, uma-n—-i- k=413, tanﬁ‘:i
a=3037 as= 237
b sin{x +303.7) =0.693 ooslx+ 213.7) = 0.693
o x-563=439, x=1002° ¥ 3037 =439, 1361 X+2137 =461, 3139
B g x¥=-2598, -1676 x=-167.6, 1002
1924 ¥=1002, 1924 <1924, 1002

Page 2

Questions marked ‘[SQA]" © SQA
All others (©) Higher Still Notes



[SQA]

[SQA]
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6. f(x)

=2cosx’ + 3sinx’.

(@) Express f(x) in the form kcos(x—a)” where k>0 and 0 < @ <360.
(b) Hence solve algebraically f(x)=0.5 for 0 € x <360.

Quest

s Ui non-calc calc calc neut Content Reference : 3.4
pt. IO g C [AB | C [AB | C [AB | Man Additional
Source
(0‘} 4 3.4 34,1 1996 Paper ¥
@b 3 34 3 342 Qu7

(a}

(b)

*  kcosxcosa+ksinxsing

o  kcosa=2 and ksina=3

O k=413
¢ =563

o’ cos(x-563)°= f,%—
L x-56.3=82.0, 278.0
L) x=1383, 3343

7. Find the maximum value of cos x — sin x and the value of x for which it occurs in
the interval 0 < x < 27t.

not accept 45°)

Part | Marks | Level | Calc. | Content Answer U3 OC4
6 A/B | CN | T14 max value +/2 when | 2000 P1 Q10
2=
ol ss: usee.g. kcos(x +a) o! e.g. usekcos(x+a)
¢ ic: expand chosen rule 2 kcosxcosa — ksinxsina
o pd: compare coefficients o’ kcosa =1and ksina =1
o' pd: process ot k=12
o> pd: process o tana =1,a=Z (45°is bad form)
% ic: interpret trig expression 6 ghis

max. value = /2 when x = o (do
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Quest

(a) Show that 2 cos(x° +30°) — sin x° can be written as /3 cos x° — 2 sin x°.

(b) Express v/3cosx° —2sinx° in the form kcos(x° + a°) where k > 0 and
0 < a < 360 and find the values of k and «.

(c) Hence, or otherwise, solve the equation 2cos(x® + 30°) = sinx® + 1,
0 < x <360.
2 non-calc calc calc neut Content Reference :
part marks | Unit =5 —1"="TF1C [A/B | Main Additional 3.4
@ 3 2.3 3 232, 1211 Source
by 4 34 4 341 1990 Pa];er 2
© 3 34 3 34.2 Qu.
@

@

(¢}

cos(x + 30)° = cos x°cos 30° - sin x°sin 30°

—‘?lcosx" - -i—sin x*

ZX(%?-oosx“—%sinx"]— sin x°

keosx®cosa® — ksinx®sino®

ksina®=+/3 and ksina°=1
-

k=7 0G =426

o =491

V7 costx + 49.1° =1
x=18.7°
x =243.1°
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9.

The formula d = 200+ 80(cos 30¢° + /3 sin 30¢°) gives an approximation to the

depth of water, d, measured in centimetres, in a harbour f hours after

midnight.

(@) Express f(f) = cos30t°++/3sin30¢° in the form kcos(30t — &)° and state
the values of k and o, where 0 £ o < 360.

(b) (1) Use your result from part (a) to help you sketch the graph of f{f) for
0st<12

(ii) Ilence, on a separate diagram, sketch the graph of d for 0 <d <12.

(c) What is the “low-water” time at the harbour during the time interval
shown on your graph?

(d) If the local fishing fleet needs at least 1-5 metres depth of water to enter
the harbour without risk of running aground, between what hours must
it avoid entering the harbour during the time interval shown on your

graph?
K Uni non-calc calc cale neut Content Reference :

part marks | Unit  ="Te—1"="T008 ¢ [A/B | Main__ Additional 34
@ 4 3.4 4 34.1 Source
® 6 12 2 | 4 123, 124 1989 Paper 2
@ 1 0.1 1 0.1 Qu.9
d) 2 0.1 2 a1

1 (-3 £-3 a (- {-]

@ & kcos30t°cosa®+ ksin 30t sinar © o 0800 hours

> keosa®=1 and ksina®=+3

3 _ C)) 12 .

7 k=2 *" 56 hoursand 104 hours

.4 =60 ‘13

eg between 5am and 11am

®  ®  maximumat (2,2)
*°  minimum at (8,~2)
¢" endpoints: (0,1 or (12,1)
e graph correctly annotated with 3 points
e sketch with original amplitude increased by factor of 60

0
sketch with original graph translated [200)
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10. The displacement, d units, of a wave after ¢t seconds, is given by the formula

d = cos20t° + /3 sin 20¢°.

(a) Express d in the form k cos(20t° — «°), where k > 0 and 0 < a < 360.

(b) Sketch the graph of d for 0 <

t <18.

(c) Find, correct to one decimal place, the values of ¢, 0 < t < 18, for which the

displacement is 1-5 units.

o zeros: (75,0) and (16.5,0)

*  correct annotation of graph

2c0s(20t -60)° =15
20t-60=414=1=5.1
o 20t-60=-414=t=09

*  stationary points: (3,2) and (12,-2)

- X Unit non-calc calc calc neut Content Reference : 3.4
el Kty C [A/B | C TA/B | C JA/B | Main _Additional :
@ 4 34 4 34.1 Source
b 4 12 z |2 123 1991 Paper 2
{c) 3 23 1 2 231 Qu. 8
@ o' kcos20rcosa® + ksin 206 sina®
2 keosa®=1 and ksina®=+3
o k=2
o a=60
(® «*  endpoints: (0,1) or (18,1)
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[soa] 11.

where k >0and 0 <a <271

Quest

(a) Write sin(x) — cos(x) in the form ksin(x — a) stating the values of k and a

etch the graph o = sin(x) — cos(x) tor 0 < x < 271, showing clearly the
(b) Sketch the graph of y = si for 0 27, showing clearly th
graph’s maximum and minimum values and where it cuts the x-axis and the

y-axis.

Part | Marks | Level | Calc. | Content Answer U3 0C4
(a) 4 C NC | T13 V2sin(x — Z) 2002 P1 Q9
(b) 3 C NC | T15,T14 sketch

o! ss: know to expand, and expand o! ksinxcosa — kcosxsina stated
¢ ic: compare coefficients explicitly
o’ pd: write down the value of k o> kcosa = 1 and ksina = 1 stated
¢ pd: process a explicitly
5 . . .3 k = \/E
06 ic: §ketcha51ne curve ot =12 acceptin degrees
¢® ic: int/com max. and min. values
¢’ pd: process intercepts ° correct shape of graph (i.e. sin) but
not passing through the origin
¢ graph lies between v/2 and —+/2
7 (%,0), (3,0, (0,-1) accept only
answers in radians
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soa] 12. The function f is defined by f(x) = 2cos x° - 3sinx®.
(@) Show that f(x) can be expressed in the form f(x) = kcos(x +&)° where
k>0 and 0 <a <360, and determine the values of k and «.
() Hence find the maximum and minimum values of f(x) and the values of x
at which they occur, where x lies in the interval 0 < x < 360.

(¢) Write down the minimum value of (f (x))z.

i i Uit non-calc calc calc neut Content Reference : 3.4

R ' C[AB | C |AB| C | AB Main _ Additional

(a) 4 34 4 34.1 Source
by 4 34 1 3 3.4.3 1998 Paper 2
(c) 1 0.1 1 0.1 Qu. 7

(@ kcosxcosa—ksinxsing  stated explicitly

. ksina=3 and kcosa=2 stated explicitly
$ k=413
- 56.3

(®) & 13 cos(x+56.3)
. Max = Jﬁ and min= —Jﬁ
. x=303.7 and no further answers

. x¥=123.7 and no further answers

(© ¢  MinValue=0
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13. A builder has obtained a large supply of 4 metre
rafters. He wishes to use them to build some holiday 4 G 5
chalets. The planning department insists that the

gable end of each chalet should be in the form of an
isosceles triangle surmounting two squares, as

shown in the diagram.

(a) If 6° is the angle shown in the diagram and A is the area (in square

metres) of the gable end , show that A= 8(2 +sin@ —2cos@’ ) (5)

(b) Express 8sin@ —16cos6 in the form ksin(0- a)" @

(c) Find algebraically the value of @ for which the area of the gable end is

30 square metres.

(4)

(b)

(c)

. non-cale cale calc neut Content Reference :
part marks | Unit - 0 b T-C [ A/B] € [A/B | Main  Additional 34
(@ 5 01 1 4 0.1, 233 Source
& 4 34 4 341 1993 Paper 2
() 4 34 1 3 3.4.2 Qu.9
@ ' areaof triangle = 2x4x4sin@ or 2x}x4singxdcosd

area of rectangle

simplifying

» strategy including expansion of ksin(8— «)
® kcosa=8 & ksinax=16

o k=85 orequiv.

* tane=2 = a=63-4

' 8(2+3sinf-200s8) =30

o' 85sin(0-63-4) =14

o2 §in(9-63-4)" =0-783

o 9=51.5+63.4=114.9

strategy for finding length of side of square or rectangle
for Jength of side or (length of side)? of square/rectangle

Note : For ° various forms of the length are

s Aein@ 2500 | 2
square: 4sin ,si"({mmg), 16-16<¢cos 5
) —dsiné _ _f35_ 390058
rect: Sm(Q(Jg)
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14.

(a) (i) Diagram 1 shows part of the !

graph of the function f defined by
f(x)=bsinax’, where a and b are

constants. 0
Write down the valuesofaand b. -

Diagram 1

(ii) Diagram 2 shows part of the

Quest

2
graph of the function g defined 1
by g(x)=dcoscx’, where c and d ik 180 Poe a60°

are constants. 0
Write down the valuesof candd. !

Diagram 2
(b) The function h is defined by h(x) = f(x)+ g(x).

Show that h(x) can be expressed in terms of a single trigonometric
function of the form gsin(px +r)” and find the values of p, g and r.

@

(5)

K Unit non-calc calc calc neut Content Reference : 3.4
RETE WmARR | e C [a/B | C [A/Bl C [A/B | Main_ Additional
Source
@ 4 2.3 4 232 1995 Paper 2
B 5 34 5 34.1 Qu.d
@ J g= 3
3 p=2
2 c=3
dod=3
® & p=3

. qsin{px+r]°

=gsinpx’ cosr’ +gcospx sinr’
7 g=13
" gcosr’ =2, gsinr’ =3

or tanr"—%

* r=56-3
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An artist has been asked to design a window made from pieces of coloured
glass with different shapes. To preserve a balance of colour each shape must
have the same area. Three of the shapes used are drawn below.
A B %C
Relative to x,y—axes, the shapes are positioned as shown below.
.
yh v A
y=2x=-12 y=3x
X X DR
o (2,0) (o] (p.0)
B
(a) Find the area shaded under y = 2x - ¥,
(b) Use the area found in part () to find the value of p.
(¢c) Provethatgq satisfies the equation cosq + sing = 0.081 and
hence find the value of g to 2 significant figures. (10)
; non-calc calc calc neut | Content Reference :
part marks | Unit =08 1TC [A/B| C [A/B | Main Additional 34
@ 4 2.2 4 226 S5 o
® 2 0.1 2 0.1 1992 Paper 2
(@ 10 34 2 | 8 342, 321,227 Qu.10

(a)

strategy: know to integrate
2

I(zx—xz) dx

0

2 3
X, ==X

1 . 2
13 wunils

strategy: use area to find p
4

Pl

or equivalent

@ o l[{sinx—cosx) dx

o*  for the limits ?
%
9 F
* [~cosx—sinx]

o' _cosg-sing++2

! V2-4=0081

o2 strategy: eg kcos(q - )
o k=42

14 a=%
 cnfg-g)-2fp

J6 23
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