MATH1013 Calculus | Problem Set 5
L02, L10 (Fall 2025)

Problem Set 5

Note: The problem sets serve as additional exercise problems for your own practice. Problem

Set 5 covers materials from §4.2 — §4.5.

1. Estimate the value of each of the following, using an appropriate linear approximation but

without using a calculator.

(a) 1n0.98
(b) 1.0131°

2x
(c) f(3.02), where f(x) =112

2. Find the linear approximation of each of the following functions at the given real number.
(@) f(x) =1 +x)P at x =0, where p is a fixed real number

(b) g(6) =sech at 6 =§

(c) h(t)=InInt at t=c¢e

3. The diameter of a sphere is measured using a Vernier caliper, and the maximum percentage
error of this measurement is estimated to be 0.1%. If this measurement is then used in
calculating the volume of the sphere, what will be the maximum percentage error of the
calculated volume?

Vernier caliper

4. Find the first iteration, correct to 4 decimal places, in solving the equation
x =1+ 0.5sinx
using Newton’s method with initial guess x, = 1.5.
5. Consider the equation
x3 +2x = 4.
(a) Show that the equation has exactly one solution on [1, 2].
(b) Using Newton’s method, find the solution to the equation correct to 4 decimal places.
6. Approximate the value of e™ to 4 decimal places by solving the equation
sinlnx =0
numerically using Newton’s method. Since we know that e =® 3 and m = 3, let’s use the

initial trial xo = 33 = 27. Does it make a difference if we had used other initial trials x,?
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7. Let f:R —= R be afunction defined by

o=

(@) Showthat f is continuous at 0.
(b) Show that f is differentiable at 0.
(c) Is f' continuousat 0?
8. Recall that in Q4 of Problem Set 4, we studied the continuous function f:R — R defined by
sin 2x + sinx
fo={ -1
3e* —x ifx>0
Now determine whether f is differentiable at 0 or not.

xe V% ifx £ 0
0 ifx=0

ifx<O0

9. Evaluate each of the following limits, if it exists. You may use [Hopital’s rule or any other

method learnt in this course whenever appropriate.

x—1

lim >—° lim (In x)%=¢
—_— xX—e
@ ey € Jim, (nx
o i cotx o x tanx
(b) *0+ Csc x ) xl—rgl—\/l—xz
lim (sinx)* 1+Inx—x*
() i, (sinx i STy
2 o 1
X~ Sin— Sin x\ x2
(d) lim———=~ (h) lim( )
x-0 sinx x>0\ X

10. Let a be areal numberand f be a function whose second derivative f'' is continuous at a.
Show that

- (f@+ r@e -+ 2 - o0?)
:lcl—lg (x —a)? =0
11. Find the coordinates of all the global maximum or minimum points of each of the following
functions on the given interval.

(@) f(x) =+3sinx + cosx on [0,7]
2
(b) gx) = 1

() h(x)=|x—-3|+|x+ 2| on [—4,4]

on [—1,3]
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