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The Wave Function

The wave function is the addition (or difference) of two waves into a single wave.
& y=sinx
L@ y=cosx

@ y=sinx + cosx

y=+/2 sin(x +45)

So asin x + bcos x can be written in the form of k sin(x + a) ork cos(x + a).

y=sinx

y=cosx

& y=sinx+cosx

& =2 sin(x+45)
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To solve these types of questions we follow these steps.

*

compare a sin x + bcos x with the expanded from of k sin(x + «) or
k cos(x + a)

list the values of k sin « and k cos «
calculate k

calculate

state the answer in form k sin(x + @) or kcos(x + @)

Worked Example

Express 2sinx — 5cos x in the form k sin(x — «), where k > 0 and 0° <x< 360°

Dsinx— Sosx = k si(>-n)

= kemolosx — I(CDSX..SM{X

“kom &= -F we bt () k=2 x 8
Kswmx =5 = 6%2’0 = \,2‘1
kcesox = 2

tanx = 3
2

/.

Examples

W-01 Express cos x — 3sinx in the form k cos(x—x), 0° <x< 360°.

(oS X — gmt'_ = J(Cog(}'_—o()

= kcotn LosX l(S»—nx»Sv;nc’f

R = ey
) =l
fom o = 3 -3 T Oy

l

° (05 x - s = \ﬁ—ﬂ-cos (Jc-- ?,‘6%-’1')0
m_l(g>: 7[-6 a:gso_—“e

=0%6.4°



W-02 Write 4 cosx — 3sinx in the form k sin(x—x), 0° <«x< 360°.

—_—

Lios - 3smn = kw(x—%)
=k Simacosat — kosxsima
—kow or= b4 y y
kjw\.cx’:""l'
Keos or= =3 ° f k= )3
N A v -
573 »;T' C 5
bl() = 537 K< 150+ 53,0 s = 3smn = § g (x-191)
3
- 113.0°

W-03 Express sinx — cos x in the form k sin(x+x), 0° <x< 360°

§fv\x, — (o X = ks‘;\(;c.-t'd\

—

e s xros x + ke cos s i

ksmor = — |
kKcosor = | k = JQJL"'L")L
b= - = 2
| >
sax—CaSJazJ_?:%(x—%ﬂ
do (1) = 15°

)
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The Wave Function with Radians and Compound Angles

We can use the same method as previously described to work in radians and with compound
angles.

Examples

W-04 Write 5cos 3x — 12 sin 3x in the form k sin(3x—x), 0° <x< 360°.

Dtor 3 - (Lswda = k;.;@z.—a()

= lcom3costr - e (o5 D Sun o’

—kSmer= §
kgmer= =5 Y g /X ’ k_';mnf'
k cosor” ~ 12 I
fom & = “:E - 5 5,[— C |
o Ve v i 0
e Stos 3o - 125m 3= \35»%(3;&-—202.@)
o (ﬁ): 2.6 Az %0+ 22.6

= 202.6"

W-05 Express 2+/3 cosx + 2sinx in the form ksin(x+x), 0 <x< 27.

Loasx « 2sma < ksmlz-#)

= kSw.)l.cpspf — kfosx§swmd

—ksuma = 243 v s
ksma=—203 S ] A k= @B

kK tos o = 2 = LI—
0 C
I-MD-‘-““%_\(_E;—J’_E» v VI
2
4‘»((\@)’ ‘%—: A ?-'T’”T,jr 2% tos o + Dot = L}%(l—%ﬂ“)

= 6T - T

2 3
= 5



Maxima and Minima of a sin x + bcos x

To calculate the maximum and minimum value of a sinx + bcos x we first have to write it in the

form ksin(x + a) or kcos(x + a). Then we use the single function to determine the max and
min values and when they occur (think back to trig graphs).

Examples

W-06 State the maximum and minimum values of y = 4 cosx + 3 sinx for 0° <x< 360°, and the
corresponding values of x.

M&X=5'@ »+53)= 90 1
g x=349° |

b - -G @ w531= 2710
: :2[6_7"

Lhos_x)f ’55&_3 = Jcs»;(au}d)

= komxcosd + kevSx Stn of

ksma = 4 v
kosor = 3 3 ﬁé k’\]lrlﬂ-}l
= 4 EY
W\x ’3 '/T_ C v ]
Lewsx + 35wt = 5 gial +531L)
b - °
Lm(fi)'gil or =930 °

W-07 State the maximum and minimum values of y = 7sinx + 4 cosx + 12 for
0° <x< 360°, and the corresponding values of x.

751*.3 + LLCD)I = )(w;(x-o{)
2 = kiosxosa + kg s &

- T 1
komar =T v s t Tk

kceser = It B JE
toum o = % JT C / Tsvox + brosx = \]ELDS('X-” 60.3)

y: Vg + beosx + 12

- \‘E%Cp';(]!.—-éo.?i)‘*‘z

max = Jes11L @ n-603 =0

x=603"
MmN :-JE‘HZ C x-603=1%0

x = 240.3°



Solving Equations using the Wave Function

We can use the wave function to solve trigonometric equations.
Examples

W-08 Solve cosx — 3sinx = 3 for 0° < x < 360°.

Cos x~ Bsma = kcas(}'ﬂ"‘)
= lca_osic.:om — ksmx sima
“ksma = =3 T
ksmo= 13 Y = (E_WL‘:J
K gosot = = Jio
fama =3 23 (os:¢,~§$v:\x*=\rl_aéﬂﬁ(l+_n.f:\f
]
-Pm"(s)z T04°

v
\h—l}ggs (:51-_“.6)‘: 3 ) , A
CﬂS(X.-l'—“-B):E T|Cv
{p
2+7Lb = 15.5 315 3186

X = %)m.qj 6.



W-09

{ seconds, is given by the formula

The blades of a wind turbine are turning at a steady rate.

The height, /i metres, of the tip of one of the blades above the ground at time,

I =36sm(1-5¢) — 15cos(1-5¢) + 65.

Express 36sin(1-5¢) — 15cos(1-5¢) in the form

ksin(1-5¢—a), wherek>0and 0 <a < % s

and hence find the two values of 7 for which the tip of this blade is at a height of

100 metres above the ground during the first turn.

3bomlst )= IS co;(l_s'l:): k 5.;“@.?{‘0()

= kg.;,\ [Stcosor -

—k Smor= - 15 o
o 15 v /

Eiosﬁ’% 5 A
fome > () T ¢,
#um"(ii): 22,6

H

h = 365mll.5€) - 15T (15¢) + 6F

3 sa(15e-226) ¥ 45

for Hetelr =1vo 24 Sum (1-;1: _1'1'¢)"+ L5 = |po

39 s (156 -12.6) = 35
i (154 - 1) = 38

M
U,g{; S916) T 63
.66 = $6.

t = ol

¢t = loo

lc (o5 [Stovmer

=~
\

‘[ 3T+ 1V

= 3

3E Sim (IS{.)' ls-loSU-g{;) = 3‘1 S (laf{’.‘fl(}a

i;"‘} 1b.2°
g, 1385°

6, 22.5°
c , 1615 fadkians



Summary

L N P Wave Function NN T

Mlows use Jo add 3 os and Sim wave .

wses Yag Componnd angle fotwndae . Could be :
) e kr,os{\xtrﬂ
QoS x + \?Slm)( = kCOS(k—“) “ ksﬁ»[xt“)

Follow Hhts example

smx - oS X = kfﬁn(x-")

= kom¥CS& = K oS x 5im &
_.ﬂ

-

kS x = T3 e ksimox > 3 .
kCos o = '-{- K= .l 3‘1 ¥ [I,“ o Hom kiwme
v AJ/J J_ ane Kles &

f 3 S < J2%

bin o = =% - <
o = 2697
A 1 . o
it il L g - dees x = Bew (e %)

Mait clarewaent

/W

YOI.L (.wlld now wuse \wave SM.;\[.HQV\ ‘-a 50‘.‘15 Ll'ﬁ]”‘( - q."{,'f X = |
\1\1 (‘e,wfn’niuj %) gﬂ;“[k.-'ﬂl,',ﬂ)o = |
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