wave function

seal 1. Express 8 cos x° — 6sin x° in the form k cos(x° +a°) where k > 0 and 0 < a < 360.
Part | Marks | Level | Calc. | Content Answer U3 OC4
1 C | CR |TI3 10cos(x° + 36:9°) 2001 P2 Q5
ol ss: expand kcos(x° + a°) o' kcosxcosa — ksinxsina stated

¢ ic: compare coefficients explicitly
¢ pd: process o2 kcosa = 8 and ksina = 6 stated

o* pd: process explicitly

3 k=10

ot 1 =1369

[sQal 2. (a) Write sin(x) — cos(x) in the form ksin(x — a) stating the values of k and a

where k >0and 0 <a <27

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

y-axis.

Part | Marks | Level | Calc. | Content Answer U3 OC4
(a) 4 C NC | T13 V2sin(x — 7) 2002 P1 Q9
(b) 3 C NC | T15,T14 sketch

ol ss: know to expand, and expand ol ksinxcosa — kcosxsina stated
¢ ic: compare coefficients explicitly
o pd: write down the value of k o> kcosa = 1 and ksina = 1 stated
o pd: process a explicitly

. | S k=2
o> ic: sketch a sine curve o =12 accept in degrees

ic: int/com max. and min. values
pd: process intercepts

o> correct shape of graph (i.e. sin) but

not passing through the origin
o® graph lies between v/2 and —+/2

.7 (%/0)/ (%r/ 0)/ (0/ _1)
answers in radians

accept only

4
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4.

(a) 12cosx® — 5sinx® can be expressed in the form kcos(x + a)°, where k > 0
and 0 < a < 360.

Calculate the values of k and a.

(b) (i) Hence state the maximum and minimum values of12 cos x° — 5sin x°.

(ii) Determine the values of x, in the interval 0 < x < 360, at which these
maximum and minimum values occur.

Part | Marks | Level | Calc. | Content Answer U3 OC4
(a) 4 C CN | T13 k=13,a =226 2010 P2 Q2
(bi) 1 C CN | T14 max 13, min —13
(bii) 2 C CN | T14 max at 337-4, min at 157-4

ol ss: use addition formula ol kcos x°cosa® — ksin x° sina®

o2 ic: compare coefficients o2 kcosa® =12 and ksina® =5

¢ pd: process k % 13 (do not accept v/169)

o* pd: processa o* 22.6 (accept any answer which

e’ ss: state maximum and minimum
value

value

ic: find x corresponding to max.

o’ pd: find x corresponding to min.

rounds to 23)

13, —13
maximum at 337-4 and no others
minimum at 157-4 and no others

(@) Express sinx®-3cosx® intheform ksin(x-4)" wherek>0and 0<a<360. Find

the values of kand 4.

(b)) Find the maximum value of 5+sinx*-3cosx® and state a value of x for which this

maximum occurs.

Part | Marks | Level | Calc. | Content Answer U3 0OC4
(a) 4 C CR | T13 1992 P1 Q7
(®) 1 C | CR | T4
(b) 1 A/B | CR | T14

5 "
o ¢ maximum =5++/10
2 «° angle=161.6°

o ksing=3

& k=410

o =716




sQa] 5. Solve the simultaneous equations

ksinx®° =5
kcosx® =2,

where k > 0 and 0 < x < 360.

Part | Marks | Level | Calc. | Content Answer U3 0C4
4 C CR | T13 k=+29,x =682 1995 P1 Q13

o tanx= % : o fx’z(sin2 x4+ msz x] =209
< x=682 | k=B

3 2 3 : 5

K“=25+4 or k= | I _5 N

» +4 or SinG8 .2 | tan x 3 or Ssinx @
“* k= ,[2_9 | o =682

[SQA] 6. Express 2sinx® —5cos x° in the form ksin(x —«)°, 0 < a < 360 and k > 0.

. kcosa=2 and ksina=5

03 k:—@
* g2=68-2

Part | Marks | Level | Calc. | Content Answer U3 0C4
4 C CR | T13 k=+v29,a = 682 1997 P1 Q11
o' ksin(x—a)=ksinxcosa—kcosxsing stated explicitly
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7. The formula d =200+ 80(cos30f° + /3 5in 30¢°) gives an approximation to the
depth of water, d, measured in centimetres, in a harbour f hours after
midnight.

() Express f(t) = cos30t°++/3sin30¢t° in the form kcos(30t — &) and state
the values of k and o, where 0 < & < 360. (4)
() (1) Use your result from part (2) to help you sketch the graph of f{t) for
0<st<12
(ii) TIlence,ona separate djagram, sketch the graph of d for 0 <d <12. (6)
(c) What is the “low-water” time at the harbour during the time interval
shown on your graph? (1)
(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? (2)
Part | Marks | Level | Calc. | Content Answer U3 OC4
(a) 4 C CR | T13 1989 P2 Q9
() 2 C | CR | TL,A3
() 4 | A/B| CR |TL A3
©) 1 | A/B| CR | CGD
d) 2 | A/B| CR |CGD
1 o : P @
(@) o kcos30i°cosa®+ ksin301°sina © ' 0800 hours
*° kcosa®=1 and ksina®=4/3
o k=2 @ & 56 hoursand 104 hours
o a=60 e e.g between 5am and 11am
®  o°  maximum at(2,2)
o minimum at (8,-2)
o’ endpoints: (0,1) or (12,1)
@ graph correctly annotated with 3 points
o’ sketch with original amplitude increased by factor of 60
1" sketch with original graph translated [ £U]
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8.

(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® + «°) 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.

Part | Marks | Level | Calc. | Content Answer U3 0C4

(a) C CR | T8, T3 1990 P2 Q5

o) C | CR | T3
©) A/B | CR | T16
@ W' cos(x+30)° = cos x°cos 30° - sin x°sin 30°
o %icosx“-%shx"
& ZX{%—:icosx“—%—sinx""]—sinf
@ o' keosx®cose® - ksinx®sing®
® ksina®=+3 and ksine®=1
o k=+70G=426
W a=49.1
© o 7coslx149.1P=1
o x=187
10

x=243.1°




sQal 9. The displacement, d units, of a wave after ¢t seconds, is given by the formula
d = cos 20t° + /3 sin 20¢°.

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

(b) Sketch the graph of 4 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.

Part

Marks | Level | Calc. | Content

Answer

U3 OC4

(a)

4

C CR | T13

(b)

C CR | T1

(b)

A/B | CR |T1

(©)

2
2
1
2

C CR | T7

(©)

A/B | CR | T7

1991 P2 Q8

(a)

(b

()

kcos 204 cos@® + ksin 20° sina®
kcosa®=1 and ksina®=+/3
k=2

=60

endpoints: (0,1) or (18,1)
zeros: (7.5,0) and (16.5,0)
stationary points: (3,2) and (12,-2)

correct annotation of graph

2cos(20t-60)°=1.5
2 -60=414=1=5.1
20t-60=-414=+t=09




seal 10 () Express 3sinx”—cosx” in the form ksin(x—a), where

k>0 and 0<ax <90- (4)
(b) Hence find algebraically the values of x between 0 and 180 for which
3sinx” —cosx” =+/5. (4)
(c) Find the range of values of x between 0 and 180 for which
3sinx” —cosx” £+/5. @
Part | Marks | Level | Calc. | Content Answer U3 OC4
(a) 4 C CR | T13 1994 P2 Q5
() 4 C | CR [T16
©) 2 A/B | CR |T16

(@ o K(sinxcosa-cosxsina) or equivalent

. kcosa=3 and ksina=1
O k=410
o a=18.4

(B« J10sin(x-18-4)" =45

*  sin(x-18-4) = ;]!i or equivalent

. 63-4
. 153-4

@ ¥ strategy stated or implied
x<634 and x>1534




soa] 11, f(x)=2cosx’ +3sinx’.

(a) Express f(x) in the form kcos(x - )’ where k>0 and 0 <& < 360. @
(b) Hence solve algebraically f(x)=0.5 for 0 € x <360. 3
Part | Marks | Level | Calc. | Content Answer U3 0OC4
(a) 4 C CR | T13 1996 P2 Q7
(b) 3 C CR | T16

(@ &' kcosxcosa+ksinxsing

o  kcosa=2 and ksina=3

o k=+13
o a=563

() o ms(x—56.3}°=~3-%

=  x-56.3=820, 278.0
o x=1383, 3343
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12.

The function f is defined by f(x) = 2cosx° - 3sinx°.

(a)

®)

(c)

Show that f(x) can be expressed in the form f(x) = kcos(x +a)° 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 l:x))z .

4

4
(1)

Part

Marks | Level | Calc. | Content Answer

U3 OC4

(a)

4 C CR | T13

(b)

C CR | T14

(b)

(©)

1
3 A/B | CR | Ti4
1 A/B | CR | A6

1998 P2 Q7

(a)

(b)

(c)

. kcosxcosa—ksinxsing  Stated explicitly
. ksinae=3 and kcosa=2 stated explicitly
¢ k=413

. =563

@ J13cos(x+ 56.3)
. Max = \fﬁ and min= —Jﬁ
. x=2303.7 and no further answers

L] x=123.7 and no further answers

. Min Value=0

[END OF QUESTIONS]




