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Introduction

sums of cosine terms, all with same frequency but can have different amplitude or phases is converted to a single sin
term. The first step is to use TrigExpand to break sin or cos with phase to pure sin or cos. Next step is to collect terms
based on the pure sin and the pure cos terms. This can be done either use Collect (see appendix) or using Coefficien-
tList.

The input to the function given below is the expression to reduce with the independent variable. Validation of expres-
sion is done using Mr.Wizard pattern test (see Appendix).

Table is given showing examples of results. The result is single sin which you can convert to cosine by adding Pi/2 to
the phase.
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m Function
ClearAl ["A obal ™ *"]

o= sunsReduce[e_, x_] : = Mdule[{el =e, p2, h, b, a, head},
p2 =# | Verbati m[Plus] [#] &[(_. (h: Sin|Cos)[_1)..1;
head = Repl ace[el, {p2: h, _ - Fal se}];

(xparsing is done, now check the result )
| f [head === Fal se,
el,

el = Tri gExpand[el];

b = Last @Coef fi ci ent Li st [el, Cos[x], 2];

a = Last @Coeffici entList[el, Sin[x], 2];

(»wat ch out for the atan2. Mathenatica

uses atan2(x,y) while WKkipedia uses atan2(y, x) =)
Sgrt [a*2+b”2] Sin[x +ArcTan[a, b]]
1
]

= exampes

ClearAl [a, b, ¢, d, e, f, g, h, x];
sunsReduce[a Cos [x] +b Cos[x + b], x] // Tradi ti onal Form

\/ @+ bcos(b)? + b?sin(b) sin(tan~(-bsin(b), a+ bcos(b)) + x)
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sunsReduce[a Cos[x +b] +c Cos[x +d] +e Cos[x -f], x] // Tradi tional Form

\/(—asin(b) — csin(d) + esin(f))? + (acos(b) + ccos(d) + ecos(f))?
sin(tan’l(—asin(b) —csin(d) + esin(f), acos(b) + ccos(d) + ecos(f)) + x)

sunsReduce[aSin[x +b] +c Sin[x] +eSin[x-f], x] // Tradi ti onal Form

\/(acos(b) + ¢+ ecos(f))? + (asin(b) — esin(f))? sin(tan*(acos(b) + ¢ + ecos(f), asin(b) — esin(f)) + X)
sunmsReduce[aSin[x +b] +c Sin[x] +eSin[x-f]1+Sin[x-2f]+3gSin[x-2d], x] //
Traditional Form
\/((acos(b) +c—3gsin?(d) + 3gcos?(d) + ecos(f) — sin’(f) + cosz(f))2 +
(asin(b) — 6 g sin(d) cos(d) — esin(f) — 2sin(f) cos(f))?)
sin(tan(acos(b) + ¢ — 3gsin’(d) + 3 g cos’(d) + ecos(f) — sin?(f) + cos’(f),
asin(b) - 6 gsin(d) cos(d) — esin(f) — 2sin(f) cos(f)) + x)
= Table
printout of table is here
ny= parns = {a-»2. /3, b>Pi /4.};

Gid[{
{
Gid[{
{expr = Hol dFor m[a Cos[x] +2a Cos[Xx +b]1;
Row[ {Styl e["original ", Bold, 14], Rel easeHol deexpr /. parns}]},

{result = sunmsReduce[Rel easeHol d[expr], X1;

Row[ {Styl e["reduced ", Bold, 14], result /. parnms}]}
}, Alignnment - Left],
Pl ot [result /. parms, {x, -2Pi, 2Pi},
Frame -» True, FraneLabel - {{None, None}, {None, "result"}}]1,
Pl ot [Rel easeHol d[expr] /. parms, {X, -2Pi, 2Pi}, Frane » True,
FrameLabel - {{None, None}, {None, "original"}}]

1
{
Gid[{
{expr = HoldForm[aSin[x ] +2aSin[x +b]];
Row[ {Styl e["original ", Bold, 14], Rel easeHol deexpr /. parns}]},

{result = sunmsReduce[Rel easeHol d[expr], X1;

Row[ {Styl e["reduced ", Bold, 14], result /. parnms}]}
}, Alignnment - Left],
Pl ot [result /. parms, {x, -2Pi, 2Pi},
Frame -» True, FraneLabel - {{None, None}, {None, "result"}}]1,
Pl ot [Rel easeHol d[expr] /. parms, {X, -2Pi, 2Pi}, Frane » True,
FrameLabel - {{None, None}, {None, "original"}}]

1

{

Gid[{
{expr = Hol dForm[a Cos[x ] +aCos[X +b] +2aCos[x +2b] + Cos[x +3b]1;
Row[ {Styl e["original ", Bold, 14], Rel easeHol deexpr /. parns}]},

{result = sunmsReduce[Rel easeHol d[expr], X1;

Row[ {Styl e["reduced ", Bold, 14], result /. parnms}]}
}, Alignnment - Left],
Pl ot [result /. parms, {x, -2Pi, 2Pi},

Printed by Wolfram Mathematica Student Edition



index.nb |3

Frame » True, FraneLabel - {{None, None}, {None, "result"}}1,
Pl ot [Rel easeHol d[expr] /. parns, {X, -2Pi, 2Pi}, Frane » True,
FrameLabel -» {{None, None}, {None, "original"}}]

b

Gid[{
{expr = HoldForm[aSin[x] +aSin[x+b]+2aSin[x+2b]+Sin[x+3b]];
Row[ {Styl e["original ", Bold, 14], Rel easeHol deexpr /. parns}]},

{result = sunsReduce[Rel easeHol d[expr]1, X1I;
Row[ {Styl e["reduced ", Bold, 1471, result /. parnms}]}

}, Alignment -» Left],
Pl ot [result /. parms, {x, -2Pi, 2Pi},

Frame » True, FraneLabel - {{None, None}, {None, "result"}}1,
Pl ot [Rel easeHol d[expr] /. parms, {X, -2Pi, 2Pi}, Frane » True,

FrameLabel -» {{None, None}, {None, "original"}}]
1

Gid[{
{expr = HoldForm[aSin[x] +2aSin[x+2b]+3aSin[x+3b]+Sin[x-4b]-Sin[x-b]+
2aSin[x-5b]]; Row[{Style["original ", Bold, 14], Rel easeHol deexpr /. parns}]},
{result = sunsReduce[Rel easeHol d[expr]1, X1I;
Row[ {Styl e["reduced ", Bold, 1471, result /. parnms}]}
}, Alignment -» Left],
Pl ot [result /. parms, {x, -2Pi, 2Pi},
Frame » True, FraneLabel - {{None, None}, {None, "result"}}1,
Pl ot [Rel easeHol d[expr] /. parns, {X, -2Pi, 2Pi}, Frane » True,
FrameLabel -» {{None, None}, {None, "original"}}]
b

Gid[{
{expr = HoldForm[aSin[x] -2aSin[x-2b]+4aSin[x-b/10] +Sin[x-4b]-Sin[x-b/2]+
2aSin[x-5b]]; Row[{Style["original ", Bold, 14], Rel easeHol deexpr /. parns}]},
{result = sunsReduce[Rel easeHol d[expr]1, X1I;
Row[ {Styl e["reduced ", Bold, 141, result /. parnms}]}
}, Alignment -» Left],
Pl ot [result /. parms, {x, -2Pi, 2Pi},
Frame » True, FraneLabel - {{None, None}, {None, "result"}}1,
Pl ot [Rel easeHol d[expr] /. parns, {X, -2Pi, 2Pi}, Frane » True,
FrameLabel -» {{None, None}, {None, "original"}}]
b

Gid[{

{expr = Hol dForm[a Cos[x] -2aCos[x-2b] +4aCos[x-b/10] +
Cos[x-4b]-Cos[x-b/2]1+2aCos[x-5b] +Cos[x-6b]+3aCos[x+20b]];

Row[{Styl e["original ", Bold, 14], Rel easeHol deexpr /. parns}]},
{result = sunsReduce[Rel easeHol d[expr]1, X1I;
Row[ {Styl e["reduced ", Bold, 14], result /. parnms}]}

}, Alignment - Left],

Pl ot [result /. parms, {x, -2Pi, 2Pi},

Frame - True, FraneLabel - {{None, None}, {None, "result"}}1,

Pl ot [Rel easeHol d[expr] /. parms, {X, -2Pi, 2Pi}, Frane » True,

FrameLabel - {{None, None}, {None, "original"}}]
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Out[12]=

}
}, Frame -» Al l ]

result original
15¢ 1] 15¢ El
ori ginal 0.666667 Cos[x] + ;;g: : ég ]
1. 33333 Cos [0. 785398 + x ] 0.0 0.0
reduced 1.86529Sin[2.1007 +x] -05F 1| -o05¢ E
-10¢ il-10¢ El
-15¢ 1|-15¢ E
6 4 2 0 2 4 6 % 4 2 0 2 4 6
result original
15¢ il 15¢ El
original 0.666667Sin[x] + (1)‘; /: 32 /:
1.33333Sin[0.785398 +x] 0.0 00
reduced 1.86529Sin[0.529903 +x] |-05¢ 1]-05¢ E
i \/ | \/ |
6 4 2 0 2 a4 s o 4 2o 24 e
result original
ori gi nal 0.666667 Cos[x] + 2t 1l 2t E
0. 666667 Cos [0. 785398 + x] + 1F /\ 1L /\
1. 33333 Cos [1.5708 + x] + of\ ol
Cos [2. 35619 +x] b H :
reduced 2.54855Sin[2.97167 +X] Ll v I v ]
6 4 2 o 2 4 s o 4 2 o 2 1
result original
origi nal 0.666667Sin[x] + 2t 1l 2f ]
0. 666667 Si n[0. 785398 + x] + 1f £l IR ]
1.33333Sin[1.5708 +x] + 0 0
Sin[2.35619 +x] f I ;
reduced 2.54855Sin[1.40088 +x] LF v v i \/ v :
5 4 2 0 2 4 s| & o T a4 e
. result original
ori gi nal
Sin[0.785398 - x] -Sin[3.14159 - x] - | 4f 1 4t .
1.33333Sin[3.92699 - x] + of ] 2\ ]
0. 666667 Sin[x] + 0 0
1.33333Sin[1.5708 +x] + of B I ]
2. Sin[2.35619 +x] Ll \/ v H I \/ \/ ]
reduced 5.55702Sin[2.2286 +X] ‘ ‘ \ ‘ ‘ ‘ ‘ \ ‘ ‘
-6 -4 -2 0 2 4 6 -6 -4 -2 0 2 4 6
ori g| nal result original
-2.66667 Sin[0.0785398 - x] + of il B ]
Sin[0.392.6997x}+ W A :
1.33333Sin[1.5708 - x] -
Sin[3.14159 - x] - 0 0
1.33333Sin[3.92699 - x] + -1F it ]
0. 666667 Si n[X] o \/ v El Iy \v/ v ]
reduced 2.49213Sin[1.38579 +Xx] T Ty T T T T
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ori gi nal

2. 66667 Cos [0. 0785398 - x] -
Cos [0. 392699 - x] -
1.33333Cos [1.5708 - x] +
Cos [3. 14159 - x] +
1. 33333 Cos [3. 92699 - x] + _1F
Cos [4. 71239 - x] +0. 666667 Cos [x] + |-2¢ 1| -2
2. Cos[15.708 +x] BEN/ ! 13

reduced -3.77839Sin[2.72133 -x] 6 -4 -2 0 2 4 6 -6 -4 -2 0 2 4 6

result original
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