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Example 5.2.3 

 Find approximately the volume of wood required to make a cubical box of edge length 6𝑓𝑡., using 

boards 
1

2
𝑖𝑛. thick. 

 SOLUTION 

 The volume of cube of a length 𝑥 is, 

 𝑉 = 𝑥3, from which 

 𝑑𝑉 = 3𝑥3𝑑𝑥 = 3𝑥3∆𝑥 

 Assume that 𝑑𝑥 = ∆𝑥 =
0.5

12
𝑓𝑡. 

 𝑑𝑉 = 3(6𝑓𝑡. ) (
0.5

12
𝑓𝑡. ) = 𝟒. 𝟓𝒇𝒕.𝟑 

Example 5.2.4 

 The diameter of sphere is measured and found to be 3𝑓𝑡. with a maximum error of 0.1𝑖𝑛.. Find 
the approximate maximum error in the computed volume. 

 SOLUTION 

 The volume of sphere of a radius 𝑟 is, 

 𝑉 =
4

3
𝜋𝑟3, from which  

 𝑑𝑉 = 4𝜋𝑟2𝑑𝑟 = 4𝜋𝑟2∆𝑟 

 Assume that 𝑚𝑎𝑥𝑖𝑚𝑢𝑛 𝑒𝑟𝑟𝑜𝑟 = 𝑑𝑟 = ∆𝑟 = 0.1 𝑖𝑛.. 

 𝑑𝑉 = 4𝜋(
3

2
(12))2𝑖𝑛.2 (0.1𝑖𝑛. ) = 𝟒𝟎𝟕. 𝟏𝟓 𝒊𝒏.𝟑 

Propagated and Relative Error 

 If a measured value x is used to compute another value 𝑓(𝑥), the difference of 𝑓(𝑥 + ∆𝑥) and 
𝑓(𝑥) or ∆𝑦 is the propagated error. 

                    𝑓(𝑥 + ∆𝑥) − 𝑓(𝑥) = ∆𝑦 ≈ 𝑑𝑦  

Therefore we can use 𝑑𝑦 to estimate the propagated error. 

If the propagated error is given in relative terms if we compare 𝑑𝑉 with 𝑉. The ratio 
𝑑𝑉

𝑉
 is called the 

relative error. 

Example 5.2.5 

 The radius of the ball bearing is measured to be 0.8 inches. If the measurement is correct within 
0.02 inches, estimate the a) propagated error and b) relative error. 

 SOLUTION 

 a)  𝑉 =
4

3
𝜋𝑟3 → 𝑑𝑉 = 4𝜋𝑟2𝑑𝑟         where 𝑟 = 0.8𝑖𝑛 

                                    𝑑𝑟 = ±0.02 

                        𝑑𝑉 = 4𝜋(0.8)2(0.02) 

                              = ±𝟎. 𝟏𝟔𝟎𝟖 𝒊𝒏𝟑 

 b) 
𝑑𝑉

𝑉
=

4𝜋𝑟2𝑑𝑟
4

3
𝜋𝑟3

=
3𝑑𝑟

𝑟
=

3(±0.02)

0.8
= ±𝟎. 𝟎𝟕𝟓 𝟎𝒓 𝟕. 𝟓% 

 

 

 

Preview from Notesale.co.uk

Page 7 of 29



ENGINEERING CALCULUS 1 [DATE] 

  
 

  

MODULE 5 APPLICATION OF DERIVATIVES 7 

 

  4.2 Practice Problem 

Example 5.2.6 

 A right circular cylinder has a height of 24 ft. and radius of 8 ft. If the error measuring is 3 inches, 
a) what is the possible error in volume b) what is the relative error? 

 SOLUTION 

 a). 𝑉 = 𝜋𝑟2ℎ 

 𝑑𝑉 =
𝜕𝑉

𝜕𝑟
(𝑑𝑟) +

𝜕𝑉

𝜕ℎ
(𝑑ℎ) 

 𝑑𝑉 = 2𝜋𝑟ℎ(±0.25𝑓𝑡) + 𝜋𝑟2(±0.25𝑓𝑡) 

 𝑑𝑉 = 2𝜋(8𝑓𝑡)(3𝑓𝑡)(±0.25𝑓𝑡) + 𝜋(82𝑓𝑡2)(±0.25𝑓𝑡) 

 𝒅𝑽 = ±𝟑𝟓𝟏. 𝟖 𝒇𝒕𝟑 

 b).  

 For 𝑉, 

 𝑉 = 𝜋𝑟2ℎ 

 𝑉 = 𝜋(8𝑓𝑡)2(24𝑓𝑡) = 4825.5𝑓𝑡3 

 𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑒𝑟𝑟𝑜𝑟 =
𝑑𝑉

𝑉
 

 𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑒𝑟𝑟𝑜𝑟 =
±351.8 𝑓𝑡3

4825.5 𝑓𝑡3 = ±𝟎. 𝟎𝟕𝟑 𝒐𝒓 𝟕. 𝟑% 

 

 

 

 

Answer the following problems: 

1. Find approximately the volume of a thin spherical shell. 

2. Find an approximate formula for the volume of a thin cylindrical shell of given height. 

3. Use differentials to find the approximate value of √627.  

4. Find the approximate error in computing the surface area of sphere having a diameter of 3𝑓𝑡 with a 

maximum error of 0.01 𝑖𝑛.. 

 

 

 

 

Check your answer in the answer key. Please answer it all first before checking, this is important for 

self-assessment. 

If you got 4 items correct, very well, you already understand the concept. 

If you got 2 – 3 items correct, good, you understand most of the concepts, you only need to practice 

for a few times. 

If you got 0 – 1, it is okay, do not worry. Compare your answer to the answer given, then try to answer 

the questions again before you proceed to the next lesson. 
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6.2 Exponential Growth and Decay 

 Exponential growth equation:      𝑃(𝑡) = 𝑃𝑜𝑒𝑘𝑡 

 Exponential decay equation:      𝑃(𝑡) = 𝑃𝑜𝑒−𝑘𝑡 

 for radioactive decay with half-life 𝑡 = 1/2:    𝑃(𝑡) = 𝑃𝑜𝑒−𝑘𝑡 with 𝑘 =
𝑙𝑛2

𝑡1
2

 

 
Example 5.6.5 
 The population of rabbits started 3 𝑦𝑒𝑎𝑟𝑠 ago at 1000, but now has grown to 64,000, then what 

will the population be 𝑜𝑛𝑒 𝑦𝑒𝑎𝑟 from now? Also, what is the total time it will take for the population to 
grow from 1000 to 400,000? 
 
SOLUTION: 
 Well, we have 𝑃𝑜 = 1000, since that’s the initial population. So the equation in the box above 

becomes 𝑃(𝑡) = 1000𝑒𝑘𝑡. The problem is, we don’t know what 𝑘 is. We do know that 𝑃 = 64000 
when 𝑡 = 3, so let’s plug this in: 
 

   64000 = 1000𝑒3𝑘 

                                       𝑘 = 2 ln 2 
This means  

  𝑃(4) = 1000𝑒2𝑙𝑛2(4) = 𝟐𝟓𝟔, 𝟎𝟎𝟎 𝒓𝒂𝒃𝒃𝒊𝒕𝒔 
 

                          400,000 = 1000𝑒2𝑙𝑛2(𝑡) 

                                     𝑡 =
𝑙𝑛400

2𝑙𝑛2
 

                                     𝒕 = 𝟒. 𝟑𝟐 𝒚𝒆𝒂𝒓𝒔 
 So although it takes 4 𝑦𝑒𝑎𝑟𝑠 to get up to a population of 256,000, it only takes approximately 

two-sevenths of a year more - about 3
1

2
 - to get up to 400,000. That’s the power of exponential 

growth. 
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Answers for 5.1 Practice Problem: 

1. 𝑑𝑦 = 12𝑥3𝑑𝑥 − 15𝑥2𝑑𝑥 + 𝑑𝑥 

2. 𝑑𝑧 = 3(1 − 2𝑣3)(1 − 2𝑣 + 𝑣4)−
3

2𝑑𝑣 

3. 𝑑𝑢 = (1 − 𝑦)(2𝑦 − 𝑦2)−
1

2𝑑𝑦 

4. 𝑑𝑥 = (𝑡2 −
1

2√𝑡
−

2

𝑡2) 𝑑𝑡 

Answer for 5.2 Practice Problem: 

1. 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑎𝑟𝑒𝑎 𝑥 𝑡ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠 

2. 𝑐𝑖𝑟𝑐𝑢𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑥 ℎ𝑒𝑖𝑔ℎ𝑡 𝑥 𝑡ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠 

3. 25.04 

4. 4.52𝑖𝑛2 

Answer for 4.3a Practice Problem: 

1. 
𝑑𝑦

𝑑𝑥
= −

2

𝑡
,
𝑑2𝑦

𝑑𝑥2 = −
1

𝑡3 

2. 
𝑑𝑦

𝑑𝑥
= 6,

𝑑2𝑦

𝑑𝑥2 = 0 

3. 
𝑑𝑦

𝑑𝑥
= 1,

𝑑2𝑦

𝑑𝑥2 = 0 

4. 
𝑑𝑦

𝑑𝑥
= −

2𝑡4−𝑡3

2
,
𝑑2𝑦

𝑑𝑥2 = −(
8𝑡3−3𝑡2

2
)(−

𝑡3

2
) 

Answer for 4.3b Practice Problem: 

1. 𝑣 = 60 𝑓𝑡/𝑠𝑒𝑐, 𝑎 =
68𝑓𝑡

𝑠𝑒𝑐2,𝑥 = 28𝑓𝑡 

2. 1.5 𝑠𝑒𝑐 

3. 𝑣𝑥 = 4;𝑎𝑥 = 2 

Answer for 5.4 Practice Problem: 

1. 1/2 

2. 1 

3. 0 

4. 1/2 

Answer for 5.5 Practice Problem: 

1. 1/2 

2. 1 

3. 
1

4
𝑘3 

4. 54𝑖𝑛.3 

  Answer Key 
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