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Math 151

Sections 3.3, 3.5: Differentiation Rules - Worksheet Solutions

1. Calculate the derivatives of the following functions.
(a) f(x) =5zt — 8w —et.

Solution.

f/(.’L') _ 7(334) _87(1,1/5) _ %(64) =203 — gx—4/5 —0l

(b) f(z) = Tz cos(x)e”.

Solution.

flx) = i(73:) cos(x)e”ﬂ—?x% (cos(z)) e"+Tx cos(a:)% (e¥) = ‘ 7cos(x)e” — Txsin(x)e” 4 7 cos(x)e” ‘

dx
e VT
(¢) f(x)=ex +4Sin(x)'
Solution.
sin(x) .
! — d e d \/5 1.2 e— 2\ - \/5005(.23)
flw) = “dv (@) + 4% (sin(a:)) =| ¢+ sin(x)?
3
(@ f) = =
Solution.
i(:’))(5+a:4)—3i (5+a*) 3
() = dx dx _ | 12z

(5 +a%)2 G+at)? |

(e) f(z)=3sin(1)7* — z*/3.

Solution.

f'(x) = 3sin(1) dd

T

T i 4/3\ _ . T _é 1/3
(7%) T (a: ) =|3sin(1) In(7)7 3%}




d
— (2?) (we” — 1) — xzd— (ze* — 1) _ 922(ze® — 1) — 22(e” + ze®)
(re® —1)2 (xe® —1)2

Solution.
f'(z) = % (2%) 22 + 21% (2?) = In(2)2%2” + 2°(22) = |In(2)2°2% + 2"z |.
_ cos(x)
(h) flz) = sin(z) +1°
Solution.
a (cos(x)) (sin(x) + 1) — COS(JL‘)i (sin(x) + 1) . . 2
Fla) = dx dx _|= sin(x)(sin(z) + 1) — cos(z) '
(sin(z) 4+ 1)2 (sin(z) 4+ 1)2

51
Solution.
) % (z cos(z) sin(x)) 5* — z cos(x) sin(x)% (5%)
(cos(z) sin(x) — x sin(x)? + x cos(x)?)5% — In(5)z cos(z) sin(z)5%

52.’10

a) Find the points on the graph of f(x) = 2sec(z) + tan(z), T < x < %, where the tangent line is
2 2

horizontal.

Solution. The tangent line is horizontal when f’'(z) = 0. Here, we have f'(z) = 2sec(z) tan(x) +
sec(z)? = sec(r)(2tan(z) + sec(x)). So we get the equation

sec(z)(2tan(x) + sec(z)) =0

which produces sec(z) = 0 or 2tan(z) + sec(z) = 0. The equation sec(z) = 0 has no solution, while
the other equation gives

2tan(z) + sec(x) =0



2sin(z) +1

0
cos(x)
sin(z) = —3
= Tfor —S<p< ™
T 7% 2 2’

For this value of x, we have y = 2sec (f%) + tan (f%) = % —

3
the point (—%,\/g) .

= % = /3, so we have obtained

sk

(b) Find the points on the graph of f(x) = where the tangent line passes through the origin.

1
1-—2x
Solution. The tangent line to the graph of f at x = a passes through (a, ﬁ) and has slope

, —2 2
f(a):*(l_Qa)z = (1—2&)2.

So the equation of the tangent is y — ﬁ = ﬁ(m — a). The tangent line passes through the
origin if this equation is satisfied for (x,y) = (0,0), which gives the condition

1 2

0= 12 = G=2a20 %

1 2a
1-2a  (1-2a)2
1—2a=2a
4da =1

1
CL:Z.

1
For this value of a, we have y = m = 2, so we have obtained the point (4, 2> .

(¢) [Advanced] Find the values of the constant a for which the tangent lines to the graph of f(x) =
23 + 322 +5r at = a and = a + 1 are parallel.

Solution. We have f’(z) = 322 + 6. The tangent lines to f at * = a and x = a + 1 are parallel
when f'(a) = f'(a+ 1), which gives

3a® + 6a = 3(a+1)* +6(a+ 1)
3a®>+6a=3a>+6a+3+6a+6

6a = —9
oz _3
=5

3. Find the second derivative of the functions below.



(a) f(z) = 3.

Solution.
f/(x) = 32%e” 4+ 2% = (322 + 23)e”,
f(x) = (62 + 32%)e” + (3z% + 2°)e” =| (62 + 622 + 23)e” |
0) flx) =212
Solution.
iy 3R2x4+7)-2Bx+5) 1
)= 2z + 7)2 T Tz +5)?
F(z) = ()22 +5)* =122 +5) + (2 +5)(2) _ 4
= (22 + 5)* T @z 53|
(©) 7z = T2,
Solution.
f(2) = 7= sin(x)iz— cos(z) ,
() = 7(— cos(z)z — sin(z) + sin(:zs)):f1 — (—sin(z)z — cos(z))(2z) _ _7COS($(})£U - 2si;1§x)x + 2 cos(x) .

4. Suppose that f is a differentiable function such that y = —2x 4 1 is tangent to the graph of f at x = 3.
Evaluate the following

(a) f(3)-

Solution. ’f(l) =-23)+1=-5 ‘

(b) f'(3).

Solution. m

(©) - (21 () ~a)

Solution.

% (2f(2) =2®) ,_y = (2f'(2) = 32%) ,_, = 2f'(3) = 3-3° =[ =37].



@ & ()

Solution.
S e (S I
|z=3

dzx T

(e) [Advanced] % (e“"f(x)Q)lI:?).

Solution.
s TP s = g IO

= (e"f(@)f(2) + e f'(2) f(2) + " f(2) [ (2)) s
=’ f(3)" +2e°f(3) £ (3)

(&)



