WAVE FUNCTION

Functions of the form ) = acosx + bsinx

A sum of two functions,
the resultant wave has: increased amplitude, R
change of phase, a

so can be written in forms: Rcos(X +a) or Rsin(x +a)

EXPANSION FORMULAE are used.

cos(A+B) = cosAcosB ¥ sinAsinB
sin(A+B) = sinAcosB + cosAsinB

y=5cos(x-36.9)°
_ Y =4cosx’ + 3sinx®

L4
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(1) Write 4cosx®+ 3sinx° inthe form Rcos(Xx -a)°

use expansion formulae:

Rcos(x -a)°
Rcosx° cosa® + Rsinx°sina®

4cosx® + 3sinx®

(Rcosa®)cosx® + (Rsina®)sinx®

4cosx® + 3sinx®

comparing sides:  Rsina® =3
Rcosa® = 4

Solve for R and a using Trig. identities:

squaring  R?%sin®a® = 9 Rsina®  +3
R%cos®a’ = 16 Rcosa® ~ +4
adding tana® =3/,
R3(sin®a® + cos®a®) = 25 a =36.8698....
R? x 1 = 239 A
R =5 S|A sin positive
- cos positive
a

only one quadrant will satisfy the
signs of both Rsina® and Rcosa®

4cosx® + 3sinx° = Bcos(x-369)°
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(2) Write cosx°-J/3sinx° inthe form Rsin(x -a)°

cosx® - J3sinx®

Rsin(x -a)°
Rsinx® cosa® - Rcosx®sina®

-/3sinx° - (-1)cosx®

(Rcosa®)sinx° - (Rsina®)cosx®

Rsina® = -1
Rcosa®=-/3
R* = i(-1)F & {3 Rsina® _ -1
=1 + 3 Rcosa® -/3
= 4 o _ 1
R = 2 tana® = “/r3
a =210
cosx® - J3sinx® = 2sin(x -210)° SIA

180 - a a=30

180+a | 360 -a

sin negative
cos negative / ¥ LE
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(3) Write co0s2Xx°-sin2x° inthe form Rsin(2x +a)°

NOTE: do not use expansions for sin2A or cos2A

cos2x° -sin2x®

Rsin(2x +a)°
Rsin2x° cosa® + Rcos2Xx°sina®

(-1)sin2x° + 1cos2x°

(Rcosa®)sin2x® + (Rsina®)cos2x®

Rsing® = +1
Rcosa® = -1
RZ = 12 + (_1)2 Reina® _ -
= 1 + 1 Rcosa® -1
- ) ] —1
R =12 tana
a =135
cos2Xx° - sin2x° = J2sin(2x -135)°
/S| A
sin positive
cos negative 180 -a a=45

180+a | 360 -a
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MAXIMUM and MINIMUM VALUES

. Max TP . Max TP Max TP
YT (90°1) YT ©°.1) (360° 1)

1- y=sinx 1 y= cosx/a

0° 360° X

0 90° 188 270° Feo° X O

-1 a4
Min TP Min TP
(270° -1) (180° -1)
TRANSFORMATIONS: Rcos(x +a)

-a shift a® RIGHT

stretch R units vertically +a shift a® LEFT
y+ Max TP
(30°,2)
2+ y=2cos(x-30)
0 360 X
(0°,1) (180°, -1)
] Min TP | | |
(210°-2) +3i) "12 "310 "12
(30°, 2) (210°, -2)
MAX. TP MIN. TP

NOTE: these are STATIONARY POINTS
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(1) 5sin(2x-30)° + 3 , 0<x<180

MAXIMUM 5sin90° + 3 2x -30=90
=bhx1 + 3 2x =120
=8 X = 60

MINIMUM H5sin270° + 3 2x -30=270
=5 x (1) + 3 2x = 300
=i X = 150

MAX (60 ,8) and MIN (150 , -2)

(2) Bcos(2x-30)° + 3, 0<x<180

MAXIMUM 5cos0° + 3 2x-30=0
=5 x1 + 3 2X = 30
=8 X = 15

MINIMUM 5cos180° + 3 2x -30=180
=5 x (1) + 3 2x =210
s b s = 105

MAX (15 ,8) and MIN (105, -2)
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EQUATIONS

Equations of the form  acosx + bsinx =c¢

Express in the form Rcos(x-a) =c
or similar
(1) 4cosx® + 3sinx® = 5
5cos(x -369) =5
v
1“\ N=eons /‘ cos(x-369) =1
O o0\ 180 470 360 X X-36.9 =0
-1 X = 36.9
(2) cosx® -J/3sinx® = /3
2sin(x -210)° = J3
sin(x -210)° = '3/,
x-210 = 60,120
X = 270, 330
S S

sin positive S | A sin positive

180 - a a =sin? ("*/2) = 60

180 +a | 360 -a
Tl €
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SKETCH y =J3cosx® + sinx®

(30°,2)
gs y=2cos(x-30)°
J3 /
0 120° 300°360 X
i \/
(210°,-2)
y-axis XxX=0
y =J3cosx’® + sinx”® or y=2cos(x-30)°
y =J3cos0° + sin0° y=2cos(0-30)
=/3x1 + O = 2cos(-30)°
=J/3 =2 x "3/,
=J3
x-axis y=0 2cos(x-30)Y =0
: cos(x-30) =0
\ / xX-30 =90 or 270
X = 120 or 300
70 360 X
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