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4. The derivative and its applications

4.2 Differentiation rules

I Summary of the rules

e Rules for operation on functions

(cf )
(fF ) +9 )’
(fFxgM)'

(he) - 44
f(x) f2(x)
(m) _ ' 09 0-f (07 X
g(x) 92 (x)
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e Derivative of elementary functions

Therule StandardForm TraditionalForm
x?) =ax*! D[x?, ] o
(sinx)' =cosx Sin'[x] LSianX(.X)

(cosx)' = —sinx Cos'[x] _BCO;X )
9% = = Tan'[x] B,
L ' acot (x)
€9’ = -7 Cot'[x] L
(@)"'=a*Ina D[a*, x] 2
' alog,
(109, ¥)' = DILogla, x], x] 9loge 00
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Mathematica statements

Inputform Trad.Form Meaning
DI[f, X] v The first derivative
of the expression
f by the variable x
DIf, {x, 2}] %i% The second derivative
of the expression
f by the variable x

DIf, {x, n}, % The (n+m) —th partial
{y, m}] derivative by x and y.
f'[x] v The first derivative

of the function f[x]
f'[x] 21 The second

ox2

derivative of f[x]

Exercises and problems

PROBLEM 4.2.1

Apply the rules for sums, products and fractions.

) fx):=10x% gx):=05Vx; hx):=—=6x2+4x—log(6)
1
(2) f(x):=3x°+1logB) x®-6x>—x+ " X+2) + sin(%)
3
(3) f(x):=3x+sinx) + V2 g(x) = %(- - —; h(x):=3x*+ Vx;
X

1 x° _
@) fx)=—- T; g(x) 1= xsin(x); hx ) :=x@x+3);

X

1 1
GB) fx)=—- 3 @x2=7x)x; g(x) :=tan(x) cos(x);

X

1 .
(6) f(x):=3- > x%log(3); g(x):=53%=x; h(x):= x?sin(x);
T o0 = -x%log(2) + x*3 —1log(2) o= sin(x) ;
x1/2 €os(X)
(B) fx):=tan(x)10*; g(x) := > ©g(x) =3 x3 cot(x);
+
(9) f(x) :=—=log(x) log(x) + sin(x) log(x) — x sin(x) + log(x) sin(x);
€0s(X) 1
(10) f(x):= -3 xtan(2); g(x):=2X1-x3);
eX
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(A1) f(x):=3X@EnX)-x);  gx) =21 -x%;
PROBLEM 4.2.2

Apply the chain rule.
(D) f(x):=sin@x); gx ) :=cos(x?); h(x ) :=cos(x);

@ f(x):= e g(x ) = \j log(x2 +1);

1
(3) f(x) :=0.5sin(x* + log(x)) — > V3 cos(x? + log(x));

(4 f00)=sin 0 goo) o= cos(Vx); h(x_):=tan‘1(%);

(B) f(x):=eM;  gx):=tan"t(cos(x)); h(x ) :=sin(3 x) — 3 cos(X);

(6) f(x)) :=logdlog(x)); g(x) := sin(log(sin(x)));

3

1 1 1
() T = ———i 0= (x2+ _] ;

X6+ X2 + = S
X

@) fx):=x5 gx):= SiN T (x): h(x_) := x¥;

PROBLEM 4.2.3

Differentiate the following functions.

(X+ X)100 (XZ + 1) sin(x)
A fx):= LJ gx) = T
€os(X) x-1
@) fx):= ———(X — Dcostel D og(x) = ———(X2 +e”
X2 = X cot(x)

(3 f() :=sinlog(x) +0.5%);  g(x)) := (log(x) cos(x))’;
(4) f(x) :=cos(8 log;p(x);  g(x) := log(L0***);
B) f(x):=3A-tan(x)); g ) =3 (1 -log(x));

(6) f(x):=2"@1-cos(x)); g(x):=2"( -cos(log(x)));

1 3
@) fx):=107* (1 - ;) g(x)) := \/ 1-x5; h(x):=Vsin(x)+1;
sin(x?) (x = 1)
@3 fx) :=\/l—x2; g(x) :=\/x3+x; h(x ) := ﬁ;
(9)  f(x)) :=cos(x) 10**+°90X=2;  g(x ) := tan(x) logy,(x 1OX‘%);

log? o) (1
(10) f(X_):: L(X)’ g(x_):: M’
X3_X2_X XZ—X—]_
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PROBLEM 4.2.4

Differentiate the following functions, piecewise if necessary, and find the domain of the
function and the derivative.

M fx):=logIxD); g :=v=x2; hx):=VX;

1 1
Q) fx):=1X*=x; gx):= sin(—); h(x ) := X sin(—);
X X




