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Problem 20.1. Use L’Hôpital’s Rule to determine the following limits

(a) lim
x→0

1 − cos(4x)
x2 ;

(b) lim
x→0+

(1 + sin(x))1/x;

(c) lim
x→0

ln(e3 + 3x) − 3
x

;

(d) lim
x→0

(1 + 2x)cot(x).

Solution. For part (a),

lim
x→0

1 − cos(4x)
x2 = lim

x→0

2 sin(4x)
x

= lim
x→0

8 cos(4x)

= 8 .

For part (b), let L be the limit we are after. Then

ln(L) = ln
(

lim
x→0+

(1 + sin(x))1/x

)

= lim
x→0+

ln(1 + sin(x))
x

= lim
x→0+

cos(x)
1 + sin(x)

= 1.

Therefore, L = eln(L) = e1 .

https://en.wikipedia.org/wiki/L%27H%C3%B4pital%27s_rule
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For part (c),

lim
x→0

ln(e3 + 3x) − 3
x

= lim
x→0

3
e3 + 3x

= 3
e3 .

For part (d),

ln(L) = lim
x→0

cot(x) ln(1 + 2x)

= lim
x→0

ln(1 + 2x)
tan(x)

= lim
x→0

2
(1 + 2x) sec2(x)

= 2.

Therefore, L = eln(L) = e2 . ,
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