
Scientific Notation

Astronomers often work with very large (or very small) numbers. It is inconvenient to
write down the radius of the Sun in centimeters (70,000,000,000) or the mass of the Sun
in grams (2,000,000,000,000,000,000,000,000,000,000,000) every time you need it. So, as-
tronomers and most other scientists and engineers use a shorthand called scientific notation.

Any number can be expressed as the product of two other numbers. In scientific notation,
one of the numbers is a power of 10. You can express the number 200 as 2 × 100. 100 is
10 × 10, or 10 squared. We express 10 × 10 as 102 (or two 10s multiplied together). So we
can express 200 as 2 × 10 × 10, or 2 × 102. Similarly, 5000 is 5 × 10 × 10 × 10, or 5 × (3
10s), or 5 × 103. In this example, the 3 is called the exponent. The exponent is the number
of zeros which follow the initial number (called the mantissa).

To put the mass of the Sun into scientific notation, count the zeros. There are 33. The
mass of the Sun is more easily written as 2 × 1033 grams. Similarly, the radius of the Sun
is 7 × 1010 cm. In words, this is stated as “seven times 10 to the power 10” or “seven times
ten to the ten”.

In general (but not always), numbers are known to higher accuracy. The radius of the
Sun is closer to 69,800,000,000 cm. By convention, in scientific notation, the mantissa is a
number between 1 and 10. In this case, the mantissa is 6.98. Now, rather than counting
the zeros (there are only 8), count the number of places in the number between the first
digit (the 6) and the last zero (there are 10). This is the exponent. The radius of the sun is
6.98 × 1010 cm1.

Numbers smaller than zero, like 0.002, have negative exponents. This is because
10−n = 1/(10n). To get the exponent, count the number of zeros to the right of the decimal
place, add 1, and then take the negative. 0.002 = 2 × 0.001 = 2 × 10−3.

Numbers between 1 and 10 have exponents of 0 because 100 = 1.

An advantage of scientific notation comes about when you have to manipulate very large
numbers. For example, suppose you wanted to multiply the mass of the Sun by the square
of its radius (this gives a quantity called the moment of inertia2. Rather than actually
multiplying 2 × 1033

× 7 × 1010
× 7 × 1010, all you need to do is multiply the mantissas

(2× 7× 7) and add the exponents (33+10+10) to get the value of 98 × 1053 (which is best
expressed as 9.8 × 1054).

For more examples, see Appendix A of “The Cosmic Perspective”.

1Note: there is nothing wrong with writing this as 69.8 × 109 or 698. × 108 or 0.698 × 1011. These
are all the same. In fact, in engineering notation the exponent is always a multiple of 3. But generally the
mantissa has just one digit to the left of the decimal in scientific notation.

2actually, the moment of inertia is 2/5 of this


