Significant Figures

It is important to be honest when reporting a measurement, so that it does not appear to be more accurate
than the equipment used to make the measurement allows. We can achieve this by controlling the number of
digits, or significant figures, used to report the measurement.

Determining the Number of Significant Figures

The number of significant figures in a measurement, such as 2,531, is eqﬁal to the number of digits that are
known with some degree of confidence (2, 5, and 3) plus the last digit (1), which is an estimate or

approximation. As we improve the sensitivity of the equipment used to make a measurement, the number of
significant figures increases.

Postage scale 3+1g 1 significant figure
Two-pan balance 253+001g 3 significant figure
Analytical balance 2531 +0.001g 4 significant figure

Rules for counting significant figures are summarized below.
Zeros within a number are always significant. Both 4308 and 40.05 contain four significant figures.
Zeros that do nothing but set the decimal point are not significant. Thus, 470,000 has two significant figures.

Trailing zeros that aren’t needed to hold the decimal point are significant. For example, 4.00 has three
significant figures.

If you are not sure whether a digit is significant, assume that it isn’t. For example, if the directions for an
experiment read: “Add the sample to 400 mL of water,” assume the volume of water is known to one
significant figure.

Addition and Subtraction with Significant Figures

When combining measurements with different degrees of accuracy and precision, the accuracy of the final
answer can be no greater than the least accurate measurement. This principle can be translated into a simple
rule for addition and subtraction: When measurements are added or subtracted, the answer can contain
no more decimal places than the least accurate measurement.

Example:
150.0 gH,0
+ 0.507 g salt
150.5 g solution
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Multiplication and Division with Significant Figures

The same principle governs the use of significant figures in multiplication and division: the final result can
be no more accurate than the least accurate measurement. In this case, however, we count the significant
figures in each measurement, not the number of decimal places: When measurements are multiplied or
divided, the answer can contain no more significant figures than the least accurate measurement.

Example:

Let’s calculate the cost of copper in an old penny that is pure copper. Let’s assume that the penny has a mass
of 2.531 grams, that it is essentially pure copper, and that the price of copper is 67 cents per pound. We can
start by converting from grams to pounds.

2.531 g X = 0.005580 lb

4536 g

We then use the price of a pound of copper to calculate the cost of the copper metal.

67 ¢
0.005580 Ib x Tip = 03749 ¢

There are four significant figures in both the mass of the penny (2.531) and the number of grams in a pound
(453.6). However, there are only two significant figures in the price of copper, so the final answer can only
have two significant figures.

Rounding Off
When the answer to a calculation contains too many significant figures, it must be rounded off.
There are 10 digits that can occur in the last decimal place in a calculation. One way of rounding off involves
underestimating the answer for five of these digits (0, 1, 2, 3, and 4) and overestimating the answer for the

other five (5, 6, 7, 8, and 9). This approach to rounding off is summarized as follows.

If the digit is smaller than 5, drop this digit and leave the remaining number unchanged. Thus, 1.684
becomes 1.68.

If the digit is 5 or larger, drop this digit and add 1 to the preceding digit. Thus, 1.247 becomes 1.25.
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Rectangle

Perimeter: P =2-1+2-w
Area: A=[-w

Square

Perimeter: P=4-5
Area: A =s°

Parallelogram
Perimeter: Add the lengths

of the sides.
Area: A=0b-h

Triangle

Perimeter:. Add the lengths
of the sides.

Area: = -;— -b-h
Trapezoid

Perimeter: Add the lengths

of the sides.

Area: =-,l;-h-lb+8)
Circle

Diameter: d=2-r

Radius: r = -‘;

Circumference: C =m-d or

Area: A=7-r°

GEOMETRIC FORMULAS

Right Triangle

. } 4
Hypotenuse = V(leg)* + (leg)* leg Jz:%%‘e
Leg = V{hypotenusef — (leg)®

"

Rectangular Solid {
Volume: V=[.w-h ’i‘
s _ Surface Area: A = 2HW + —
L LW + 2LH
" ‘
Cube
Volume: V =s* . s
Surface Area: A = 652 s
—h—> Cylinder
Volume: V= -r"-h 1
Surface Area: . h
A =2qrh + 27r? !
| Cone
e R ]
Volume: =%-1r-r"-h
Surface Area: A = wrVr2 + j2
b= - Pyramid
th
b Volume: < V = 3-B - h Bis area
- B- - of the
base

£ o) Sphere
- e v=toa (L)
Surface Area = 4ur® - \'

C=2-7-r

Use 3.14 as the approximate value of .



1foot ()
1 yard (yd)

1 mile,

1 mile -

1 fathem

1 chain

1 chain

3 feet
5280 feet
8 furlongs =
6 feet =
100 links =
66 feet =

)

3 teaspoons (tsp) =
I tablespoon

8 fluid ounces (fl 0z)
2 cups
2pints =
4 quarts

= *1 gallon (gal)

1 tablespoon (tbsp) |
0.5 fluid ounces

1 cup (c)

1 pint (pt)

1 quart (qt)

7.481 gallons

llnlom) =
100 centimeters (cm) =
1000 millimeters (mm) =
10 decimeters (dm) =

1 meter

" 1 meter

1000 milliliter (ml)

lcm3

1 kilogram (kg)
1000 milligrams (mg)
1000 kilograms

= 1gram (g)
= I metric ton

American - Metric cohverslons

1 inch
1 meter
1 mile

2.54 cm
1937in =
1.609km =

1.06qt = 1 liter

454 g =
22l = lkg.

Ilb

Time Conversions

60 seconds (sec) = 1 minute (min)

60 minutes = 1 hour (hr)
24 hours = 1 day(da)
7 days 1 week (wk)
365days = |1 celendar year
. (non-leap year)
365242199 days = 1 tropical year

giga 10° O
mega 105 M
kilo 103 k
hecto '102 h
deca 101 da

o d
ceni 302 ¢
milli 103 m
micro g6 i1
nano 307 n
pico 912 p




Definition of a ian

One radian is the measure of a central angte 8

th~ * subdendu(intarcepts) an arc s equal in length
t, sradius rof the circlo.

Arc length= Radius when § = 1 madian

5

r ¥

Conversion: Degrees +——» Radians

1. To convert degrees to radlans % T ad
multiply by 180 ®
2. Toconvert radians to degrees 180
muttiply by T rad

ummgc_ﬁc‘%hlg:.ﬂsﬂm
Apointona of radlus rmovas a distance s

on the ciccumference of the circle, In an amount of
time ¢ 2 is measured in radians

Angular Velocity Are Length
s v & s=rd
Linaar Velocity Area of a seclor
¥ oo ':— 4= -%-r’ﬂ
v=ra

Definition of the Six Trigonometric Functions
Right Trian fafin. /2

Sum and Drﬂ’omnge Formuiag
sin(u + v) = sinu cosv + cosusinv

cos(u £v) =cosucosvFsinusinv

tan(u £v) = tinu:l:tanv
1+ tanutanv
D le Fo
sin 2u = 2s8in #cos &
cos 2z = cos u - sin *u,
=2co8 P~}

=1~2sin *u

2@n u

tan 2 ————
G '

Half-Angle Formulas
8

in =4 1-cosu
2 \} 2

1+cosu

2

1+

I—cosu

LSRRI S AR

cos
sin u
tan

u
The s:gns 5}8111.!4/2 and cos /2
depend on the quadrant in which

oo - OFP . p . li
=2 sing=oce =2 | 4 /2 lies.
Opposite hyp . wr -
cos 8= e g = __.’;3; - | Power-Reducing Formulas
‘ - LV 1-cos 2u
Adjacent mnf?- ope . cctﬂ*-ad" Slﬂ2 | e——
adf opp . S
Cirsuilar fungtion delinfiions, where 8 Is any angle cos 2 1+ cos 2u
0 u B e———m—
sinﬁ'zlcscﬂ:L 2
r y
x . 2 1-cos 2u
cos B = gt § = — tan ‘¥ = —————
x 1+ cos 2u
*
¥

g
©
1]
M
g
L
]

sin y = oSt ¥ = —

cos u st u sita 4

wn @ = Col ¥ = { |
sin o cos u = seC u =

es u o5 ¥

lanu=—l-—cotu= !

oot u tan v

Pythagorean |dentities -

sinZu+cos’u=1

Even/Odd Identities
sin(—u) = —sinu
sec 2 u

(.‘,SC';2 U

l1+tan?u

1l

cos{—u) = cosu
~tanu

1+cot?u = tan(—u) =

‘  ‘unction ldentities

. T
sinf - - wu} = COS W

cus{ - u) = sin w

tan - wYy = col o w

"-’l'\“ M]H b

Sum-to-Product Formulas

smu+smv—25m(

“Jes(*5)
si;nu-sinv=2005[u+vJ (:

u+tv v
cOsSu + oS v = 1 COS [—2—] cos [ 2—]

. u+v] ) [u— v

LOs . + cos v = —2 50| —— |5in| -—
( 2 2 )

Product-to-Sum Formulas i

sin % sin v = —;—[cos(u —v)—cos{ u + v)]

COS # COS ¥ = 721—-[005( u —v)+ cos( u + v)]

sin u cos v -é—[sin( u+v)+sin(u - v)]

cos w sin v

%[5&\( u+v)—sin(u—v)]

The lawof Smes _C
b a
A ¢ B
sin 4 _ sin B _ sin €
a ] B c
or
a - b _ c
sin 4 sin 8 sin C
The L aw of Cosines
al =8+ c? -~ 2be cos A
B = a®* + ¢c? - 2ac w05 B
e? = a4+ b~ 2agb o0s C
or
2 T _ ?
cos A = b+ a
2 be
2 2 k3
ws B = & -
2 ac
2 T _ .2
cos C = & + b ¢
2 ab
Heron's Formula for Area of a
triangle
If the semiperimeter is s, where
a+ b+ ¢
P L
2
then = fsl{s —as-bXs -c)

Trig. Form of a complex Number:

XHiy= r[cos(B +2nx) +rsin{f + er)],
nany integer




G i ino Cos|
The graphs of y =Aain{Br+CHD and y=Acos{Bx+ChD, where 8> 0,
will have the following characteriatics:

Amplitude =|d| Period = _2_;_[ Frequency = —

o _=Cllefi lf ~C/B<0
PhaseShif _Tirzght if ~C/B>0

D = Vertical Translation

wlllhavaﬂnefollawlnndmmmhﬂm

Amplitude = IAI Period = % Frequency

left if ~C/B <0

right if —C/B>10

PhaseShift = %{

inversa Function Moaning
y =sin™ x or y =arcsinx x=sinyand—-§-$yslr2-
, z 4

Inwords: y is the angle between =3 and 5

inclusive, whose sine is x.
y=cosl'xory=arccosx x=cosyand 0sy<~x
Inwords . y is the angle between 0 and ,

inclusive, whose cosine is x

a x T

y=tan" xor y=arctanx x=tanyand—5-'_-’-y£§-

In words: y is the angle between—-;z and Z-

D = Vertical Transiation 2’
whose tangent is x
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