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(Left) This road sign near Raleigh, North Carolina, shows distances in miles and kilometers. How
accurate are the conversions? (Billy E. Barnes/Stock Boston).

(Right) This vehicle’s speedometer gives speed readings in miles per hour and in kilometers per
hour. Try confirming the conversion between the two sets of units for a few readings of the dial.
(Paul Silverman /Fundamental Photographs)

EXAMPLE 1.4  The Density of a Cube

The mass of a solid cube is 856 g, and each edge has a length V=13 = (535 cm X 102 m/cn1)?
of 5.35 cm. Determine the density p of the cube in basic SI . 5 63 . 4.3
units ’ = (5.35)" X 107°m” = 1.53 X 107" m

. , Therefore,
Solution Because 1 g =107 kg and 1 cm = 10 2 m, the 856k
mass m and volume Vin basic SI units are L PN il WS 5.59 X 103 kg/m?

) Vo 153 X 1074m?
m = 856 ¢ x 10~ kg/g = 0.856 kg

1.6_~ ESTIMATES AND ORDER-OF-
MAGNITUDE CALCULATIONS

It is often useful to compute an approximate answer to a physical problem even
where little information is available. Such an approximate answer can then be
used to determine whether a more accurate calculation is necessary. Approxima-
tions are usually based on certain assumptions, which must be modified if greater
accuracy is needed. Thus, we shall sometimes refer to the order of magnitude of a
certain quantity as the power of ten of the number that describes that quantity. If,
for example, we say that a quantity increases in value by three orders of magni-
tude, this means that its value is increased by a factor of 10% = 1000. Also, if a
quantity is given as 3 X 10%, we say that the order of magnitude of that quantity is
10® (or in symbolic form, 3 X 10% ~ 10%). Likewise, the quantity 8 X 107 ~ 108.
The spirit of order-of-magnitude calculations, sometimes referred to as
“guesstimates” or “ball-park figures,” is given in the following quotation: “Make an
estimate before every calculation, try a simple physical argument . . . before
every derivation, guess the answer to every puzzle. Courage: no one else needs to



