Mathematica 11.3 Integration Test Results

Test results for the 136 problems in "8.4 Trig integral functions.m"

Problem 6: Unable to integrate problem.

SinIntegral([b x]
j dx

X
Optimal (type 5, 43 leaves, 1 step):

1
— b xHypergeometricPFQ[ {1, 1, 1}, {2, 2, 2}, -1 bXx] +
2

1
— b x HypergeometricPFQ[ {1, 1, 1}, {2, 2, 2}, i bx]
2

Result (type 8, 10leaves):
JSinIntegr‘al [bx]

dx
X

Problem 39: Unable to integrate problem.

Sin[b x] SinIntegral[b x]
J dx

x3

Optimal (type 4, 96 leaves, 14 steps):

5 bCos[bx] Sin[bx] Sin[bx]? bSin[2bx]
b“ CosIntegral[2b x] - - _
2x 4 x? 4x

b Cos[bx] SinIntegral[bx] Sin[bx] SinIntegral[b x]

1 2 cs 2
- —b®SinIntegral[b x]
2 x 2 x? 4

Result (type 8, 14 leaves):
Jsin[b x] SinIntegral [b x] dx

x3

Problem 41: Unable to integrate problem.

Sin[b x] SinIntegral[b x]
J dx
X

Optimal (type 4, 10leaves, 1 step):

1_.
—SinIntegral[bx]?
2

Result (type 9, 26 leaves):
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Sin[bx] SinIntegral[bx]?
2bxSinc[b x]

Problem 47: Unable to integrate problem.

Cos [b x] SinIntegral[b x]
J dx

x2

Optimal (type 4, 44 leaves, 7 steps):

Sin[2bx] Cos[bx] SinIntegral[bx] 1 . )
b CosIntegral[2bx] - - - —bSinIntegral[bx]
2 X X 2

Result (type 8, 14 leaves):
JCos[b x] SinIntegral [b x] dx

X2

Problem 63: Result unnecessarily involves imaginary or complex numbers.

Jx Sin[a + b x] SinIntegral[c +dx] dx

Optimal (type 4, 371 leaves, 24 steps):
Cos[a-c+ (b-d) x| Cos[a+c+ (b+d)Xx]

2b (b-d) 2b (b+d)
Cos[a - bd—c] CosIntegr‘al[uZ;d)— +(b-d) x| ) Cos|[a- bd—c} CosIntegr‘al[c—(Z;d)— +(b+d) x| )
2 b? 2 b?

cCosIntegr‘al[gt(’j;dLJr (b-d) x] sin[a- b(TC] ) cCosIntegr‘al[gl’dﬂL+ (b+d) x| sin|a- b(TC] )
2bd 2bd
cCos|a- b(TC] SinIntegr‘al[gl;;dLJr (b-d) x] ) Sin|a- b(Tc] SinIn‘cegr‘al[gZ’—dL +(b-d) x| )
2bd 2 b?
x Cos[a+bx] SinIntegral[c+dx] Sin[a+bx] SinIntegral|c +dx]
+ _

b b2
cCos|a- bd—c] SinIntegr‘al[u';;d)—+ (b+d) x| sin[a- bd—‘] SinIntegr‘al[c—(%)— +(b+d) x|

2bd 2 b?

Result (type 4, 345leaves):
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e—]l (a+c)
4b%d
e-i (b+d)x i (2a+bx-dx) i (bes(2anc) d] i(b-d) (c+dx)
[bd - + J -i(bc-id)e a ExpIntegralEi| |+
b+d b-d d
. ic(bed) . 1 (b+d> (C+dX> 1
(-ibc+d) e « ExpIntegralfi|- +
d 4b%d
-i (b-d) i (2a+(b+d) x) ic (b 1 (b-d d
el (@0 [bd e’ e ” ]+j(bc+id>e o Eprntegr‘alEi[—]l< ) (e X)}+
b-d b+d d
' i (bc-2adscd) o1 <b+d> <C+dX>
(ibc+d) e g ExpIntegralEi| y -
(bxCos[a+bx] -Sin[a+bx]) SinIntegral[c +dx]

b2

Problem 64: Result unnecessarily involves imaginary or complex numbers.

JSin [a+bx] SinIntegral[c +dx] dx

Optimal (type 4, 154 leaves, 9steps):
CosIntegr‘al[c—(t;;d)— +(b-d) x] Sin[a- bd—c]
.

2b

CosIntegr‘al[c—ﬁ;‘”— + (b+d) x] Sinfa- bd—c] Cos|a- bd—c} SinIntegr‘al{ﬂt;;d)— +(b-d) x] )

2b 2b

b . (bed)
Cos[a+bx] SinIntegral[c +dx] Cos[a- dc] SinIntegrall € a ° (b+d) x|
+

b 2b

Result (type 4, 168 leaves):
1

4b
_i(bcead) 2ibc i (b,d) <C+dX)
ie 4 -e ¢ ExpIntegralEi-

. 1 (b-d d
| +e?ie Eprntegr‘alEi[]l ( ) (c+dx] |+
d d

i(b+d) (c+dx) ]

2ivc i(b+d) (c+dx)
e ¢« ExpIntegralEi|-

| - e**® ExpIntegralEi|
d d

i (bc+ad)

4ie ¢ Cos[a+bx]SinIntegral[c+dx]

Problem 66: Result unnecessarily involves imaginary or complex numbers.

Jx Cos[a+bx] SinIntegral([c +dx] dx

Optimal (type 4, 370leaves, 24 steps):
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cCos|a- b(ﬂ CosIntegr‘al{ﬂt;;dL + (b-d) x|

2bd
cCos|a- b(TC] CosIntegr‘al[gZﬂL+ (b+d) x] ) CosIntegr‘al[gi’j’—dL +(b-d) x] sinfa- b(Tc] )
2bd 2b?
CosIntegral[ <+ (b+d) x| Sin[a- 2] sin[a-c+ (b-d) x| sin[a+c+ (b+d)x]
- +
22 2b (b-d| 2b (b+d)

Cos[a - bd—c] SinIntegr’al[uZ;d)—+ (b-d) x| ) cSinfa- bd—c} SinIntegr‘al[c—(%)— +(b-d) x| )

2 b? 2bd

Cos[a+bx] SinIntegral[c+dx] xSin[a+bx] SinIntegral[c+dXx]
+ _

b2 b

Cos|a- bd—c] SinIntegr‘al[c—(Z;d)— + (b+d) x| ) cSinfa- bd—c} SinIntegr‘al[c—(%)— +(b+d) x]

2 b? 2bd

Result (type 4, 343 leaves):

1 _ e (bed) X gi (2a+(b-d) X)
- e 1 (3 {—J'l bd + ) +
402d b+d b-d
i(-be+(2asc 1 (b-d d
(-bc+id)e e Eprntegr‘alEi[]l ( >d(c+ X) +
ic (be i(b+d d
(bc+id)e - ExpIntegralEi|- i(b+d) (c+dx] + ! et (@<
d 4b%d
-1 (b-d)x el (2a+(b+d) x) ic(b-d) i (b _ d) (c +d X)
[—J’Lbd ( + ) +(bc+id)e ExpIntegralEi|- |+
b-d b+d d
L dc 1 (b+d d
(-bc+id) 21ty ExpIntegralki| i (b )d<c+ d 1|+
Cos[a+bx] +bxSin[a+bx]) SinIntegralfc +dx]
( )

b2

Problem 67: Result unnecessarily involves imaginary or complex numbers.

JCos [a+bx] SinIntegraljc +dx] dx

Optimal (type 4, 153 leaves, 9 steps):

Cos[a - bf] CosIntegr‘al[ﬂbd;dL + (b-d) x]
- +

2b
Cos [a - b(Tc] CosIntegr‘al[gZﬂL+ (b+d) x| sin[a- bdfc} SinIntegr‘al[gl;;dL +(b-d) x|

+ +

2b 2b

. be s (b+d)
Sin[a+bx] SinIntegral[c +dXx] Sin[a - dc] SinIntegral PR (b+d) x]

b 2b

Result (type 4, 164 leaves):
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1 tless [ 2tbc i (b-d) (c+dx)
—e ¢ -e « ExpIntegralfi|- ] -
4b d
i b_d d ibc . b d d
e EXpIntegralEi[ - < >d(c : X> ] +e% EprntegralEi[f - ( : )d(c+ X) ] +

i(b+d) (c+dx)
d

i(bcrad)

| +4e ¢ Sin[a+bx] SinIntegral[c +dx]

e?'? ExpIntegralEi|

Problem 108: Unable to integrate problem.

CosIntegral (b x] Sin[b x]
J dx

x2

Optimal (type 4, 44 leaves, 7 steps):

1 ) CosIntegral[bx] Sin[bx] Sin[2bx]
— b CosIntegral[bx]<+bCosIntegral[2bx] - -
2 X 2 X

Result (type 8, 14 leaves):
jCosIntegr‘al [bx] Sin[bx]

dx

X2

Problem 114: Unable to integrate problem.

Cos [b x] CosIntegral(b x]
J dx

x3

Optimal (type 4, 97 leaves, 14 steps):

Cos[bx]? Cos[bx] CosIntegral[bx 1
- [ox)” [0 x] gralibx] - —b?CosIntegral [bx]?-

4 x? 2 x? 4
b Cos[bx] Sin[bx] bcCosIntegral([bx] Sin[bx] bSin[2bx]
+ +
2 X 2 X 4 x

b? CosIntegral[2bx] +

Result (type 8, 14 leaves):
JCos[b x] CosIntegral [b x] dx

X3

Problem 131: Result unnecessarily involves imaginary or complex numbers.

Jx CosIntegralfc +dx] Sin[a+bx] dx

Optimal (type 4, 371 leaves, 24 steps):
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cCos|a- %‘] CosIntegr‘al[gZ;dL+ (b-d) x]

2bd

be c (b+d)
x Cos[a+bx] CosIntegral[c+dx] cCos[a- dc} CosIntegral € PR (b+d) x|

b 2bd

CosIntegr‘al[gZ;dL+ (b-d) x| sin[a- b(TC] 7 CosIntegr‘al[ﬂT—dL +(b+d) x| Sina- bd—c] )

2b2 2b2
CosIntegral[c+dx] Sinfa+bx] Sin[a-c+ (b-d)x| Sin[a+c+ (b+d)x]
+ + -
b? 2b (b-d) 2b (b+d)

Cos|a- bd—c] SinIntegr‘al[c—(Z;d)— +(b-d) x] ) cSinfa- bd—c} SinIntegr‘al[c—(%)— +(b-d) x| )

2 b? 2bd

Cos[a - bd—c] SinIntegr‘al[ﬂZ;d)—+ (b+d) x| ) cSinfa- bd—c} SinIntegr‘al[c—(%)— +(b+d) x|

2 b? 2bd

Result (type 4, 332leaves):
1
4b%d

-1 (a+c)

e

i(b-d) (c+dx)
d

efj (b+d) x e]i (2 c-bx+dx) ic (b+d)
(—]ibd [ + ] +(bc+id)e « ExpIntegralfi]-

|+

b+d b-d

. ic (b+d) . 1 (b+d> (C+dX> 1
(bc+id)e « ExpIntegralEi[- -
d 4b%d
. i (b-d) i (2c+(b+d) x) i (b-d d
et (79 (J‘lbd £ S - X]+(bc—id)e i EXpIntegr‘alEi[l( ) e X>]+
b-d b+d d
Cic(bq) i (b+d) (c+dx)
(bc-id)e ¢ ExpIntegralfi| y }J -
CosIntegral[c+dx] (bxCos[a+bx]-Sin[a+bx])
b2

Problem 132: Result unnecessarily involves imaginary or complex numbers.

JCosIntegral [c+dx] Sin[a+bx] dx

Optimal (type 4, 154 leaves, 9steps):
Cos|a- bdfc} CosIntegr‘al{gZ;dL +(b-d) x]
2b

) Cos|a- "(TC] CosIntegr‘al[ﬂZﬂL+ (b+d) x] 7

b 2b
Sinfa- bf] SinIntegr‘al[gZ;dL+ (b-d) x| sin[a- bdfc} SinIntegral[gZﬂL +(b+d) x|

Cos[a+bx] CosIntegral[c +dx]

2b 2b

Result (type 4, 144 leaves):
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4b

-4 Cos[a+bx] CosIntegral[c+dx] +

i (b-d d i (b+d d
1 ) (c+dx) | + ExpIntegralki|- i(b+d) (cvdx)
d d

ExpIntegralki|-

bc bc
C - —]-isinfa- —
os[a- 25| ~isin|a d])+

i (b-d d i (b+d d
i >d(c+ X>]+Eprntegr‘a1Ei[l( - >d(c+ x)

]

ExpIntegralEi|

d d

(Cos[a—b—c] +iSin[a—b—c]]]

Problem 134: Result unnecessarily involves imaginary or complex numbers.

Jx Cos[a+bx] CosIntegral[c+dx] dx

Optimal (type 4, 370leaves, 24 steps):
Cos[a-c+ (b-d) x| Cos[a+c+ (b+d)Xx]
+

2b (b-d) 2b (b+d)
Cos|a - bd_c] CosIntegrall € t;id +(b-d) x] Cos[a+bx] CosIntegral[c+dXx]
+ _
2 b? b2
Cos[a - b(Tc] CosIntegr‘al[gZﬂL+ (b+d) x| ) cCosIntegr‘al[gZ’—dL +(b-d) x| sin|a- b(Tc] )
2 b? 2bd
c CosIntegrall € l:;d +(b+d) x| sinfa- b(Tc] x CosIntegral[c +dx] Sin[a + b x]
+ +
2bd b
cCos|a- b(TC] SinIntegr‘al[gZ;dL+ (b-d) x] ) Sin[a- bd—c] SinIn‘cegr‘al[ﬂZ’—dLJr (b-d) x| )
2bd 2b?

[

<] SinIntegr‘al[ut;;d)—+ (b+d) x] ) Sin|a- bd—c] SinIntegr‘al[c—(%)— +(b+d) x|

2bd 2 b?

cCos|a-

o |

Result (type 4, 347 leaves):
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1 ].I(E_jl (a+c)
4b%d
“i (bed) i (22 (b-d) x) i (oer (2asc) d) i (b-d d
[]‘Lbd(e X+e ’ XJ+(bc+1’1d)e[b (d - Eprntegr‘alEi[l( ) (c+dx)
b+d b-d d
ic(b+ 1 b d d
(bc+id)e 7 ExpIntegralki|- i(b+d) [crdx) + ! iet (@9
d 4b%d
@i (b-d) X i (2a+ (bsd) X) ic (o) i (b—d) (c+dx)
[—J‘L bd ( + J +(bc+id)e « ExpIntegralfi]- |+
b-d b+d d
. ic (b 1 (b+d d
(-bc+id) et o ExpIntegralEi| i (b )d<c+ d }J +
CosIntegrall[c+dx] (Cos[a+bx] +bxSin[a+bx])

b2

Problem 135: Result unnecessarily involves imaginary or complex numbers.
JCos [a+bx] CosIntegraljc +dx] dx

Optimal (type 4, 153 leaves, 9steps):
CosIntegr‘al[c—(t;;d)— +(b-d) x] Sin[a- bd—c]

2b

CosIntegral | <®¢- . (b+d) x| Sin[a- bd—c]

d CosIntegral[c +dx] Sin[a +bx]

+ —

2b b
Cos[a - b(TC] SinIntegr‘al[gZ;dL +(b-d) x| Cos[a- bdfc} SinIntegral{ﬂZﬂL + (b+d) x]

2b 2b

Result (type 4, 153 leaves):

4b
2ibe i(b-d) (c+dx)

. i (b-d d
y | +e*%? ExpIntegralki| i )d(c+ d

ibc i (b+d d i (b+d d
<e%Eprntegr‘a1Ei[7]l< . )d<c+ X)}Jre“aEprntegr'alEi[l( i )d(c+ x)

-e ¢ ExpIntegralEi|-

1+

4 CosIntegral[c +dx] Sin[a + b x]

] +

} _



Mathematica 11.3 Integration Test Results for 8.4 Trig integral functions.nb | 9

Summary of Integration Test Results

136 integration problems

A - 122 optimal antiderivatives

B - 0 more than twice size of optimal antiderivatives
C - 8 unnecessarily complex antiderivatives

D - 6 unable tointegrate problems

E - Ointegration timeouts



