2.3 Product Rule

A. Product Rule

(Product Rule) If f and g are differentiable at x , then
sois fg and (in Lagrange notation)

(f8)'(x) = f"(x)g(x) + f(x)g'(x)
(fe)=f'g+ fg

or (in Leibniz notation):
2 (f g0 = g(x)%f(x) 4 f(x)%g(X)

(Generalization of the Product Rule) If f,g and hare
differentiable at x , then so is fgh and:

(fgh)'=f"gh+ fg'h+ fgh'
B. Generalized Power Rule

(Generalized Power Rule) If f(x)is differentiable
atx, thensois (f(x))" (nis a positive integer) and:

[ T=n(f(x)"" f(x)

or:

d n o_ n—1 i
E(f()f)) =n(f(x)) e f(x)

Practice Questions
A. Product Rule

1. Differentiate using two methods and compare
results.

Method 1. Multiply first and then differentiate

Method 2. Use the product rule to differentiate

a) f()=(-Dx+2) b) f(x)=x(x-1)
c) f(x)=(2x*—x)(x* +2x)

d) f(x)= (x+lj[x2 —sz
X X

e) f(x)=x +¥x)Wx -3x)

2. Differentiate. Do not simplify.
a) f(x)=(x+D(x-2)(x+3)
b) f(x)=(x* +1)(x* —x)(x> +2x)

c) f(x) = x(x+x)(1-x)

3. Determine the equation of the tangent line to each
curve at the given value of x .

a) f(x)=(x*+D(x-2) at x=0
b) /(x)=x ~1)(x +/x) at x=1

c) f(x)=(x+lj(x3+%j at x=-1
X X

4., Differentiate.

a) xsinx b) \/;cosx C) sinxcosx
d) xe* e) x?2~ f) Jxinx
g) xlogx h) x? log, x i) e"Inx
j) 2% sinx k) Inxsinx ) e* 2"
5. Differentiate.
sin x COS X e’
a b c) —
) = )7 ) <
Inx 27 log, x
d) — e) — f
) = )5 )

6. Differentiate.
a) xsinxIlnx

b) Jxe* cosx

c) 2¥ Inxsin x d) (sinx)e™
x

B. Generalized Power Rule

1. Differentiate using the power-chain rule.
a) f(x)=@2x-1)> b) f(x)=(x* ~x)?
0 fM=&-Vx)?  d) fW)=(x+2)°

4
e) f(x):(x+lj f) f(x):(x2 +x+l)100
X

2. Differentiate.
a) f(x)=sin’ x
f@)=(")
f(x)=(Inx)’
9) /(x) = (log; x)*

b) f(x)=cos*x
d) f(x)=@3")’
f) f(x)=(logx)>

C
e

)
)
)
)

Challenge Questions

1000 _4

1. Evaluate lim
-l x-=1

2. Giventhat f(1)=2, f'"(D=-3, g()=-1, and
g'(1)=-2find the values of:
a) (/2)'(1) b) -

2
o/ )]

x=1

o) dif(x)[g(x)]z &) L oP e
x dx

x=1 x=1

3. Determine the equation of the tangent line to each
curve at the given value of x .
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a) f(x)=(x+vx)x>-2)(x+1) at x=1
b) f(x)=2x>(x>+2x)(x—1)  at x=-1

c) f(x)= 2&@ +lj(x2 +lj at x=1
X

X
2 1

d) f(x)= 3x[x3 + 3x3j(—4x2 +5) at x=-1

4. Let f(x)=3x(x* —3x+2). Find:
a) f'(x)

b) the x-values where the tangent is horizontal
c) the x-values where the tangent is vertical

5. Differentiate.
a) sin® xcos® x b) x° In* x

c) sin® xlog? x d) (e*)’sin? x

3
e) (x/; sinx)? [loﬁj
X

Answers

Al.a) f'(x)=2x+1Db) f'(x)=1-1/24/x)

c) f'(x)=8x> +9x? —4x

d) /') =1+3x2+1/x2 +3/x* ) f'(x)=1-2/3x)
2.3) f()=(x-2)(x+3)+(x+Dx+3)+(x+1)(x—2)
b)

f(x)= (Zx)(x2 —x)(x3 +2x) +

+ (2 +DQ2x=1)(x> +2x) + (x* + D(x? = x)3x? +2)

c)

f(x){zjﬂ(mma ~3) +J¥[l + ZJ;J@ )+

-1
+x/;(x+\/;)(3%/x—2]
3.a) y=-2 b) y=x-1c¢) y=-10x-10

1
2\x
c) cos? x—sin’ x d) e* +xe* e) (2x)2° +x*2" In2

Jx

f) ( ! jlnx+—x g) logx+1/1n10
X

2Jx

h) 2xlog, x+x/In2 i) e* Inx+e"/x

4. 3) sinx+xcosx b) ( jcosx— X sin x

j) (In2)2* sinx+2" cosx k) SY L Inxcosx
X
) A+1In2)(2e)"
cosx sinx —sinx  cosx
5.a) - b) -
x x? \/; 2x\/;
c) e e d) 1 _Inx e) (n2)2" 2"
X x2 x2 x2 x2 x3
1 log, x

f _
) (n2)xifx  3xx

6. a) sinxInx+ xcosxInx+sinx

b) —.

2Jx

c) 2" In2Inxsinx +

e’ cosx++/xe’ cosx —+/xe* sinx

2% sinx
+2%Inxcosx

X
(sinx)e* N (cosx)e” N (sinx)e*
x2 X x

B1.a) f'(x)=4Q2x—1) b) f'(x)=2(x* —x)2x-1)
c) [1(x)=(x-V0)2-1/4x) d) f1(x)=3(x+2)*

1y 1
e) f'(x):4(x+—j (1——2j
X X

f) f(x)=100(x* +x+1)*° 2x +1)

2.a) f'(x)=3sin? xcosx b) f'(x)=—4cos’ xsinx
c) /'(x)=5(e")’ d) f'(x)=53")" In3

e) f'(x)=5(nx)*/x  f) f'(x)=2(logx)/(xIn10)
g) /'(x)=4(log; x)* /(xIn3)

CQ1. 1000

2.3) -1b)-12c)5d) -12

3.a) y=3x-7b) y=-10x—-6 ¢c) y=8x

d) y=41x+47

4.2) f'(x)=7x23_31xzzx+2 b) x
5.a) 2sinxcos’ x —3sin’ xcos® x
b) 3x? In? x + x*(2Inx)

c) 3sin? xcosxlog? x + (2sin’ xlogx)/x

d)

=0

:6i;/ﬁ o x

d) 3(e¥)’ sin? x + 2(e*)® sin x cos x
—2sin? xlog® x N 2sin xcosxlog® x N 3sin? xlog? x

)
x’ x? (In3)x*

MCV4U | Derivatives | 2.3 Product Rule
© 2009 Teodoru Gugoiu | Page 2 of 2




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


