Monday Night Calculus
I ntegration by Parts

Exercises
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1. Useintegration by parts to evaluate the integral / x*tan™! x dx
0
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2. (a) Evaluatetheintegral / sin? x dx by using the trigonometric identity sin® x = ST O0SAx
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and the substitution u = 2x.
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(b) Evauatetheintegral / sin? x dx by using integration by parts with v = sinx and
dv =snxdx.
u =S8nx dv=sinxdx
du = cosx dx v:/Sinxdx = —COSx
/Sinzxdx =snx-(— COSx)—/—COSx-COSx dx Integration by parts
= —SiNx COSx —l—/coszxdx Simplify
= —SiNx COSx + /(1 —sin®x)dx Trig identity
= —SiNXx COSx + x — f sin’ x dx Antiderivative
2/Sin2xdx = —sSinx Ccosx + x Same integral on both sides
1
/sinzxdx = E(x—sinxCOSx)—I—C Solvefor/sinzxdx

Question: Isthisreally the sameresult asin part (a)?
Hint: Consider a double angle formula.



3. (a) Useintegration by parts to show that
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(b) Fill inthegap for thisformula. That is, evaluate the integral whenn = —1.
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4. Uncle Stanley found a differentiable function f with the property f/(x) = — f(x) for dl x.
(@) Show that for Uncle Stanley’s function

Sinx — cosx

I:/f(x)sinxdx: 3 - f(x)+C

u= f(x) dv=s8Snxdx
du = f'(x)dx v:/Sinxdx:—COSx
I = f(x)-(—cosx) — /(— cosx) f'(x)dx Integration by parts
=—f(x) COSx—/f(x) cosx dx Property of f
u= f(x) dv = cosx dx
du = f'(x)dx v:/COSxdx:Sinx
I =—f(x)cosx —[f(x) -Sinx—/sinx-f’(x) dx] Integration by parts
=—f(x) COSx—f(x)Sinx—/f(x)Sinxdx Property of f
21 = f(x)(—Sinx — CcoSx)
/f(x)sinxdx - _g”xz_ O fy+C

(b) Evaluate /f(x) cosx dx where f isUncle Stanley’s function.

Similar to part (a). Use integration by parts twice, and solve for the origina integral.



(c) Explainthe consequences of using integration by parts to evaluate / f(x)e* dx.

u= f(x) dv =e"dx
du = f'(x)dx vzfexdx=ex
/f(x)ex dx = f(x)-e* — / e* - f'(x)dx Integration by parts
= f(x)e* + / f(x)e* dx Property of f

If we subtract / f(x)e™* dx from both sides, we get
/de = f(x)e”
(d) Find acandidate for Uncle Stanley’s function.

Since/de isaconstant, then f(x)e® = C for some constant C.

Therefore f(x) = Ce™ .
Andindeed, f'(x) = —Ce™ = — f(x)



