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• A hand calculation will usually be short, whereas a computer calculation can
involve millions of steps. Tiny errors that would be negligible in a short
calculation can be devastating when accumulated over a long calculation.

Only rational numbers (not all) can be represented exactly: (py: (
p
3)2)

A. Example 1

e
x = 1 + x+

x
2

2!
+

x
3

3!
+ · · · (19)

FIG. 2: (hw: WH- Do the table)

B. Example 2

The derivative of f at x is defined by

f
0(x) '

f(x+ h)� f(x)

h
⌘ �hf(x)

Compute f
0(x)|x=1.

C. Example 3

Solve the system (here: Do it now)

0.780x+ 0.563y = 0.217 (20)

0.457x+ 0.330y = 0.127 (21)
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FIG. 3: (hw: WH- Do the table)

we get the solution

x = 1.71 y = �1.98

and put them back we get a the rhs 0.00206, 0.00107. And the exact solution should
be 1,�1

IV. APPROXIMATIONS AND ROUND-OFF ERRORS

The significant digits of a number are those that can be used with confidence
(the known to be correct). They correspond to the number of certain digits plus
one estimated digit. It is conventional to set the estimated digit at one-half of
the smallest scale division on the measurement device.

Ascertain the significant figures of a number, some cases can lead to confusion:
zeros are not always significant figures because they may be necessary just to
locate a decimal point The numbers 0.00001845, 0.0001845, and 0.001845 all have
four significant figures.

The number 45,300 may have three, four, or five significant digits, depending on
whether the zeros are known with confidence.

Numerical methods yield approximate results. we might decide that our
approximation is acceptable if it is correct to certain significant figures.

⇡, e,
p
7 represent specific quantities, they cannot be expressed exactly by a

limited number of digits: such numbers can never be represented exactly. The
omission of the remaining significant figures is called round-o↵ error. (8.49 uni-
versidad)
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Solve the quadratic equation a=1, b=3000.001, c=3. The true roots are x1 =
�0.001 and x2 = �3000 (py: do it)
Here, b2 is much larger than 4ac, so the numerator in the calculation for x1 involves
the subtraction of nearly equal numbers. To obtain a more accurate four-digit
rounding approx for x1, we change the form of the quadratic formula by rationalizing
the numerator

x1 =
�b+

p
b2 � 4ac

2a

 
�b�

p
b2 � 4ac

�b�
p
b2 � 4ac

!
=

b
2
� (b2 � 4ac)

2a(�b�
p
b2 � 4ac)

(22)

which simplifies to

x1 =
�2c

b+
p
b2 � 4ac

. (23)

Compute the four roots of x4� 4x3+8x2� 16x+15.99999999 is (x� 2)2 = ±10�4

and has roots x1 = 2.01, x2 = 1.99. However if the machine epsilon > 10�10 the
constant will be rounded to 16, and the problem would be

(x� 2)4 = 0,

with a 0.5% di↵erence.

VII. NUMERICAL DIFFERENTIATION

Finite divided di↵erence:

f
0(xi) =

f(xi+1)� f(xi)

xi+1 � xi
+O(xi+1 � xi) (24)

or

f
0(xi) =

�fi

h
+O(h) (25)

�fi is referred to as the first forward di↵erence and h is called the step size
More accurate approximations of the fi rst derivative can be developed by including
higher-order terms of the Taylor series.


