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Solutions to Additional exercises for Maths for Science Chapter 2

Question 2.1

(a) 2764 = 2.764 × 1000

= 2.764 × 103

(b) 0.76 =
7.6
10
= 7.6 × 10−1

so 0.76 × 105 = 7.6 × 10−1 × 105

= 7.6 × 104

(c) 0.002 =
2

1000

=
2

103

= 2 × 10−3

(d) 42 = 4.2 × 10 = 4.2 × 101

(e) 427 = 4.27 × 100 = 4.27 × 102

so 427 × 103 = 4.27 × 102 × 103

= 4.27 × 102+3

= 4.27 × 105

(f) 0.042 =
4.2
100
= 4.2 × 10−2

(g) 1066 = 1.066 × 1000 = 1.066 × 103

(h) 0.000 000 000 123 =
1.23

10 000 000 000
= 1.23 × 10−10

{Note that the easiest way to perform this is as follows. Put the tip of your pencil on the decimal point,
and count the number of places that you have to move it until it is immediately to the right of the first
non-zero digit (which is “1” in this example).

If you move to the left then you increase the power of 10, and if you move to the right you decrease the
power of 10, in each case by the number of positions that you move.

Here we move 10 places to the right, so the power of 10 decreases from 0 (there isn’t one) to −10, hence
the 10−10.

In fact this method works for any problem of this type, as you can check with each part of this question.
Remember that for every position you move the decimal point to the right you decrease the power of 10
by 1, and for every position that you move it to the left you increase the power of 10 by 1.}

(i) 999 = 9.99 × 100 = 9.99 × 102

(j) 0.0073 × 10−3 =
7.3

1000
× 10−3

= 7.3 × 10−3 × 10−3

= 7.3 × 10−6

{Alternatively starting from 0.0073 × 10−3 we need to move the decimal point 3 places to the right to
place it to the right of the first non-zero digit (the 7). Thus the power of 10 has to be decreased by 3,
changing it from 10−3 to 10−6.}
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Question 2.2

(a) 7.673 × 102 = 7.673 × 100

= 767.3

(b) 5.72 × 10−4 = 5.72 × 1
10 000

= 0.000 572

(c) 2.345 × 106 = 2.345 × 1 000 000

= 2 345 000

(d) 1.212 × 10−2 = 1.212 × 1
100
= 0.012 12

{Note that the technique of Question 2.1 part (h) can be used in reverse here. To get rid of the 10−2 we can
count the decimal point 2 places to the left, going from 1.212 to .1212 to .01212.}

(e) 5.893 × 103 = 5.893 × 1000 = 5893.

{Again we can get rid of the 103 by moving the decimal point 3 positions, in this case to the right since we
want to decrease the power of 10 from 3 to zero.}

(f) 4.2 × 101 = 4.2 × 10 = 42

(g) 6.66 × 102 = 6.66 × 100 = 666

(h) 9.87 × 10−3 = 9.87 × 1
1000

= 0.00987

(i) 2.2 × 10−1 = 2.2 × 1
10
= 0.22

Question 2.3

(a) 1 km = 103 m

so 3.00 × 105 km = 3.00 × 105 × 103 m

= 3.00 × 108 m

(b) 1 mm = 10−3 m

therefore 1 m =
1

10−3 mm = 103 mm

so 1.26 m = 1.26 × 103 mm

(c) 1 km = 103 m

therefore 1 m =
1

103 km = 10−3 km

so 1.26 m = 1.26 × 10−3 km

(d) As in part (c), 1 m = 10−3 km

so 4.7 × 103 m = 4.7 × 103 × 10−3 km = 4.7 km

(e) Again, 1 m = 10−3 km

so 8.6 × 105 m = 8.6 × 105 × 10−3 km

= 8.6 × 102 km
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(f) 1 ms = 10−3 s

therefore 1 s =
1

10−3 ms = 103 ms

so 0.0017 s = 0.0017 × 103 ms = 1.7 × 100 ms, or simply 1.7 ms.

(g) 1 ms = 10−3 s

so 21 ms = 21 × 10−3 s = 2.1 × 10−2 s

(h) 1 kg = 103 g

therefore 1 g =
1

103 kg = 10−3 kg

so 28 g = 28 × 10−3 kg = 2.8 × 10−2 kg

(i) 1 µA = 10−6 A

so 1.6 µA = 1.6 × 10−6 A

(j) 1 mA = 10−3 A

therefore 1 A =
1

10−3 mA = 103 mA

so 0.000 73 A = 0.000 73 × 103 mA

= 0.73 mA

= 7.3 × 10−1 mA

(k) 1 MW = 106 W

therefore 1 W =
1

106 MW = 10−6 MW

so 49 × 107 W = 49 × 107 × 10−6 MW

= 49 × 101 MW

= 4.9 × 102 MW

Question 2.4

(a) 1 km = 103 m

therefore 1 m =
1

103 km = 10−3 km

1 mm = 10−3 m

so 1 mm = 10−3 × 10−3 km

= 10(−3)+(−3) km

= 10−6 km

5.1 × 106 mm = 5.1 × 106 × 10−6 km

= 5.1 km

{Strictly, this should be written in scientific notation as 5.1 × 100 km, but 5.1 km is rather neater!}

(b) 1 pm = 10−12 m

so 1 m =
1

10−12 pm = 1012 pm

1 µm = 10−6 m
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so 1 µm = 10−6 × 1012 pm

= 10(−6)+12 pm

= 106 pm

5.6 × 10−6 µm = 5.6 × 10−6 × 106 pm

= 5.6 pm

{Once again, this should be written in scientific notation as 5.6 × 100 pm, but 5.6 pm is rather neater!}

(c) 1 kA = 103 A

so 1 A =
1

103 kA = 10−3 kA

1 µA = 10−6 A

so 1 µA = 10−6 × 10−3 kA

= 10(−6)+(−3) kA

= 10−9 kA

4.8 × 108 µA = 4.8 × 108 × 10−9 kA

= 4.8 × 108+(−9) kA

= 4.8 × 10−1 kA

(d) 1 kg = 103 g

so 1 g =
1

103 kg = 10−3 kg

1 mg = 10−3 g

so 1 mg = 10−3 × 10−3 kg

= 10(−3)+(−3) kg

= 10−6 kg

27 mg = 27 × 10−6 kg

= 2.7 × 10−5 kg

(e) 1 ns = 10−9 s

so 1 s =
1

10−9 ns = 109 ns

1 ms = 10−3 s

so 1 ms = 10−3 × 109 ns

= 10(−3)+9 ns

= 106 ns

0.18 ms = 0.18 × 106 ns

= 1.8 × 105 ns

(f) 1 µK = 10−6 K

so 1 K =
1

10−6 µK = 106 µK

1 mK = 10−3 K
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so 1 mK = 10−3 × 106 µK

= 10(−3)+6 µK

= 103 µK

0.2 mK = 0.2 × 103 µK

= 2 × 102 µK

{Note: Upper case K is the symbol for the kelvin, the SI unit of temperature. Take care not to confuse this
with the symbol for the “kilo” prefix, which should always be written as a lower case k.}

(g) 1 mmol = 10−3 mol

so 1 mol =
1

10−3 mmol = 103 mmol

1 kmol = 103 mol

so 1 kmol = 103 × 103 mmol

= 103+3 mmol

= 106 mmol

1.7 × 10−6 kmol = 1.7 × 10−6 × 106 mmol

= 1.7 mmol

{Once again, this should be written in scientific notation as 1.7 × 100 mmol, but 1.7 mmol is rather
neater!}

Question 2.5

(a) 123 = 1.23 × 100

= 1.23 × 102

∼ 102

(b) 6.9 × 10−4 ∼ 10 × 10−4

∼ 10−3

(c) 0.008 99 =
8.99
1000

=
8.99
103

= 8.99 × 10−3

∼ 10 × 10−3

∼ 10−2

Question 2.6

{Note that these questions can be answered in two different ways. On some occasions the two methods give
slightly different answers.

(i) The orders of magnitude of the two separate quantities can first be found, and then the ratio of these
found. This is the method used in Worked example 2.4 in Maths for Science.

(ii) The ratio of the two quantities can first be found, and then this value expressed as an order of
magnitude.}
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(a) Method (i): Police officer’s mass ∼ 102 kg (since we can express it as 8.8 × 101 kg and 8.8 is greater than
5, so the power of 10 is rounded up).

Mass of hydrogen atom ∼ 10−27 kg (because 1.67 is less than 5 and the power of ten remains unchanged).

mass of police officer
mass of hydrogen atom

∼ 102

10−27

∼ 102−(−27)

∼ 1029

Method (ii):

mass of police officer
mass of hydrogen atom

=
88 kg

1.67 × 10−27 kg
= 5.3 × 1028

∼ 1029

The mass of the police officer is 29 orders of magnitude greater than that of a hydrogen atom.

(b) Method (i): The police officer’s height is ∼ 100 m (since we can express 1.77 m as 1.77 × 100 m and 1.77
is less than 5, so the power of ten remains unchanged.)

Height of ant = 3 × 10−3 m ∼ 10−3 m (since 3 is less than 5, so the power of 10 remains unchanged.)

height of police officer
height of ant

∼ 100

10−3

∼ 100−(−3)

∼ 103

Method (ii):

height of police officer
height of ant

=
1.77 m

3 × 10−3 m
= 590

= 5.9 × 102

∼ 103

The police officer is 3 orders of magnitude taller than the ant.

(c) Method (i): Police car’s speed ∼ 101 m s−1 (since it can be expressed as 1.6 × 101 m s−1 and 1.6 is less
than 5, so the power of 10 remains unchanged.)

Speed of light ∼ 108 m s−1 (since 3.0 is less than 5, so the power of 10 remains unchanged).

speed of light
speed of police car

∼ 108

101

∼ 108−1

∼ 107

Method (ii):

speed of light
speed of police car

=
3.0 × 108 m s−1

16 m s−1

= 1.9 × 107

∼ 107 (since 1.9 is less than 5 so the power of 10 remains unchanged)

Light travels faster than the police car by 7 orders of magnitude.
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Question 2.7

The increase in sound level is 120 dB − 10 dB = 110 dB.

Each 10 dB increase corresponds to multiplying the intensity by 10, so the intensity of a sound level of 120 dB
is 1011 times greater than the intensity of a sound level of 10 dB.

Question 2.8

(a) 3.678 is quoted to four significant figures.

(b) 278 is quoted to three significant figures.

(c) 5.780 is quoted to four significant figures.

(d) 2.3 × 1010 is quoted to two significant figures.

(e) 0.0004 is quoted to one significant figure.

(f) The number of significant figures in 7000 is ambiguous. If all the zeroes after the 7 are significant, not
simply place markers, then the number is given to four significant figures. It would be less ambiguous to
write this number in scientific notation as 7.000 × 103; then it is clear that four significant figures are
intended.

(g) 6.00 × 102 is quoted to three significant figures.

(h) 6 × 102 is quoted to one significant figure.

(i) 0.007 47 is quoted to three significant figures.

(j) 299 800 000 is another ambiguous example, like part (f). In the absence of any other information we might
assume that all those trailing zeroes are significant, in which case we would have nine significant figures.
More likely, this is a rounded value of the speed of light in a vacuum, which is exactly 299 792 458 m s−1,
so this is a rounded version with four significant figures. This would be better expressed in scientific
notation as 2.998 × 108; then it is clear that four significant figures are intended.

(k) 1280 is again ambiguous. If the final zero is significant then it is quoted to four significant figures. In
scientific notation this is 1.280 × 103. However, if the final zero is simply a place marker, then it should be
written in scientific notation as 1.28 × 103, i.e. it is known to three significant figures.

Question 2.9

(a) 25.67 = 25.7 to three significant figures.

(b) 3.33 × 104 is already quoted to three significant figures.

(c) 0.1523 = 0.152 to three significant figures.

(d) 54.99 = 55.0 to three significant figures.

(e) 0.005 78 is already quoted to three significant figures.

(f) It is necessary to write 5701 in scientific notation in order to express it unambiguously to three significant
figures.

5701 = 5.701 × 1000

= 5.701 × 103

This is 5.70 × 103 to three significant figures.
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Question 2.10

(a) 0.183 in scientific notation is 1.83 × 10−1.

To express this to two significant figures we first need to find the second digit, counting from the left,
which is the 8. Then we need to look at the digit to the right of this to determine whether we should round
this digit up or leave it unchanged. The next digit is a 3. As this is less than 5, we leave the second digit
unchanged and obtain 1.8 × 10−1 correct to two significant figures.

(b) 63.58 expressed in scientific notation becomes 6.358 × 101.

The third digit is the 5, and the digit to the right of that is an 8, which is greater than 5, so this time we
must round up. The third digit is rounded up to 6, and we obtain 6.36 × 101 correct to three significant
figures.

(c) 8000 expressed in scientific notation is 8.000 × 103. The second digit is the first zero. The third digit is
also 0, which is less than 5, so the second digit is left unchanged, giving an answer of 8.0 × 103 correct to
two significant figures.

{Note: the number 8.0 × 103 is unambiguously expressed to two significant figures, whereas the number
of significant figures in 8000 is ambiguous.}

(d) 1966 expressed is scientific notation is 1.966 × 103.

The fourth digit is 6, and as this is greater than 5, the third digit is rounded up to 7 and we obtain
1.97 × 103 to three significant figures.

(e) 0.094 96 expressed in scientific notation is 9.496 × 10−2.

The fourth digit is 6, and as this is greater than 5 we have to round up. In this case it means that the
preceding 49 is rounded up to 50, and we obtain 9.50 × 10−2 to three significant figures.

{Note: the final zero is essential to give the required three figure precision.}

(f) 0.148 76 expressed in scientific notation is 1.4876 × 10−1.

The second digit is 4, and as this is less than 5 the second digit is left unchanged, giving an answer of
1 × 10−1 to one significant figure.

{Note: the rounding is done in one step by considering the first digit to be removed. In this case, if you
were to round first to 4 significant figures and then again to three significant figures, your final answer
would be wrong.}

(g) 17 expressed in scientific notation is 1.7 × 101. This is already quoted to two significant figures.
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