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3125

We can quickly approximate the answer to, 95@ rounding.
000y 300
1$00000 (” (537
(L0 3xi10°

EX 2: Checking answers with approximations

You and a friend are doing a rough calculation of how much garbage New City
residents produce every day. You estimate that, on average, each of the(@.3 million
residents(produce 1:8 pounds or 0:0009:ton; of garbage each day. The total amount
of garbage is?

g 3million 32
%1300,000 X ]% 0l

b
g. ¢ 1R e R4 XI0°

74y l%xw
ISXWO
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Scientific Notation

Scientific notation is a format in which a number is expressed as a number between
1 and 10 multiplied by a power of 10

Rewrite each of the following statements using scientific notation

A. total spending in the federal budget is $3,900,000,000,

BleO 3 3 3

B. The diameter of a hydrogen nucleus is about 0,000000000000001 meter.
-5

O X0
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3tbal fiekds

Perspective through estimation

o stories
How high is 1000 feet? ’]’owr of dpenicas
With your group, come up with a way to explain to sgormolr% w%a(\ltq 000 feet looks like
I|000 Rulers

5 minutes to brain storm *

.3 of Hrack lap
24racks

1 minute to decide who had the best description
/ 5 mi Lo

Emprre st bVll'dlnﬂ

2 minutes to present
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EX 3: Order of Magnitude of Ice Cream Spending

An order of magnitude estimate specifies only a broad range of values, usually within
one or two powers of ten, such as "in the ten thousands" or "in the Millions".

Make an order of magnitude estimate of total annual spending on ice cream in the US

Before we see the books answer, lets try to make an estimation of our own.

Total annual spending = serving per person x price per serving x population

$15,000,000 498 Billn
$ 54,000,092 $9., billor

830,07
b 105009090

iﬂ/ pillion
41K billion
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P9 0

Compare the US population to the world population and US energy consumption to
world energy consumption. What does this tell you about energy usage by Americans

. 000,000 000 . 200000
The world population is of order 7,billion and the US population is of order 300, illion

3
JTENET T RS

ol #X0°
AR
wold - 53%10
Now try this one

How many average candy bars would you have to eat to supply the energy needed

for 6 hours of running? 3
6 Qup 4L
Candy = [ 110 iy X

ina - oc’ :QHIOQ’ =4 x10° |
ﬂuvmmq 47%5((0) L0

M
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P ive tf .
How big is $100 billion?

Suppose you were asked to count $100 billion. How long would it take you?
$20- 100y $ho- 13de
$[po - 4d $ho- 2 yrs
$06 - 20k 1l- [mil yr
$100 - IM
M-Im Vv
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Ex 5: Fusion Power
If you had a portable fusion power plant and hooked it up to the faucet of your kitcher
sink, how much power could you generate from the hydrogen in the water flowing

through it? L

A typical faucet pours out about 3 liters of water per minute. =

Energy released by fusion of hydrogen in 1 liter of water = 6.9 x 101[“
This is Joules per Liter

3 L
@_XJQ'S\J._&Z 21 X107 X0 %ﬂm
LAer min Mmin "
21x10°) (w2 3054 |p3eps 1™~ g

X o ML

min " lhr |d ]/\];- ,
;.0)(102
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EX 6: Scale Ratio
Iry these Convert to Meters

A city map states, "One inch represents one mile." What is the scale ratio for this
map? 2cm on the map represents 100KM

: Lo
|inch= [ mike g’fwi:\ r)gla,wl(gol
‘-ﬁ/aoo'ooo

[nch
Iflwk

0]
lem = 50 Km [ +D5’000]NC"L

1cm = 500KM )

)
o) 80
B0l m =50 M e pat,000

em o om
| <1000 m

\ W\:IDD o

[ingh=
(il = 52504 (1) =

Page 13 Page 14

The distance from Earth to the nearest star besides the sun (the three stars of the
Alpha centauri system) is about 4.3 light years. On the 1 to 10 billion scale, how far
are these stars from the Earth? A light-year is the distance that light can travel in one
year; 1 light-year = 9.5 x 1072

Ex 7: Earth and Sun

The distance from the Earth to the Sun is about 150 million KM. The diameter of the
Sun is about 1.4 million KM, and the equatorial diameter of the Earth is about 12,760
KM.

Put these number ins perspective by using a scale model of the solar system with a

(4 5x10” )(43)  qogx '.03{2
M

A0

)10 10'
T ok
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Human civilization, at least since the time of ancient Egypt, is on the order of 5000
years old. The age of the Earth is on the order of 5 billion years. Suppose we use the
length of a football field, or about 100 meters, as a timeline to represent the age of
the Earth. If we put the birth of the Earth at the start of the timeline, how far from the
lines end would human civilization begin?

00 I?l? lion years
e -

5o '00000( m

Pg 148:
12,16, 18, 20, 28, 38, 42, 46, 54, 58, 60

Work must be shown for credit

e

125 -
Ashll 85 g
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Exercise 1: How many significant figures does each quantity have?

The digits in @ number that represent actual measurements are
called significant digits. The larger the # of significant digits, the finer the
precision.

132,00

1) 107cm Ans.: 3

Ans.: 3

Ans.: 3

Rules for Zeroes

2) 10,700cm

Examples

Zeros appearing between nonzero digits are

3) 1,270cm

significant
éoO Oﬁ/\ « 407 L has three sig figs
+ 87008 km has five sig figs .
4) 12,703cm Ans.: .../.
Zeros appearing in front of nonzero digits are not Q S
m s o7 e i s 5) 1,060.809 Ans: .3
- m has five sig figs )
+ 00009 kg has one sig fig q x J > > cm 1S.0 ...eees
Zeros at the end of a number and to the right of a . cj
docimal are signifcant 6) 1,040,700cm Ans.: ...
+ 85.00 g has four sig figs
+ 9,000 000 000 mm has 10 sig figs
e ) .
2o tte endstamumpersutovoratars X O 7)10,407,005cm  Ans.: ..\
decimal may or may not be significant_ If such a
zero has been measured. or is the frst estimated * 2000m may cortan rom ane o four sig
digt, it is significant. On the other hand, if the zero igs, depending on how many zeros are .
has not been measured or estimated but is just a placeholders. For measurements given in 8) 1 00000002C111 Ans.: .0l
placeholder, it is not significant. A decimal placed this text, assume that 2000 has one sig fig.
after the zeros indicates that they are significant. * 2000. m contains four sig figs, indicated by
the presence of the decimal point
9) 100,000,000cm  Ans.: ...l..

Scientific notation - All digits expressed before the

exponential term are signicant.

Page 19

+ 5.060 x 10° m has four sig figs
+ 9.00 % 107 g has three sig figs
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Exercise 2: How many significant figures does each quantity have?

1) 0.13p70ke Ans. 2.

2) 1.07000cm Ans.: (0
3) 0.0007cm Ans.: j
4) 22.0000cm Ans.: (0
5) 0.000009cm Ans.: /

6) 1.0400700cm

7) 10.407005cm  Ans.: 6

I |
Page 21

EX 2: R i ith signifi ligi

Do the following operations and write the results with the correct number of significant figus
D Anxin- 360 3X10° 3’)50 Xol.50 500
2) 75em x 4.0cm = 300 )}6 3.0)( ) g 3
nordonxadoon =3 pezxw> 300
4)7500 in. x 0004 in= 30+ 3 )((O(
5) Bsm /555 = 5 %50
G)é%ft/ -5 8.0

7)335331111/3111 = (1,1l

X

150 X1

Xlol‘l {OJOOO

10>
3)37Zokm/z.§05= ],500 /.50 X y
9) F5m - Bm) / 0.0003s = 30, 000 3x 10

Answers:
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Some Rounding Rules

1. When adding or subtracting numbers, find the number which is known to the fewest decimal places, then round the result to that decimal place.

423 448

2a. When multiplying or dividing numbers, find the mumber with the fewest significant figures, then round the result to that many significant figures.

-00BI6413

5
“aising a number to some power which isn't very large or very small -- say, squaring it (power = 2) or takii
3) -- count the number's significant figures, then round the result to that many significant figures.

5.8)° =34 33@‘{

nd 5.8 is known to two significant figures, so the result must be rounded to two significant figures.)

Example: 21398 + 405 - 2.9 = 423

Example: 0.049623 x 32.0 / 478.8 = 0.00332

Page 22

Work through these problems. 15 - 34 <455

15 - 16 answer only Ho@%tm_ 453 Jff%

17 - 28 has 2 answers numerical answer and the value it is
"rounded" to.

29 - 34 do the operatj

Skip 30 & 32 5

[%ou%ﬂd 1 3427|8694
$.90.00 1R AEBREE
a| 23 (2(8|2|3|F
Dty g0 3 a|d|8|F |3
45,0 Hen sl %3 2 ol F

a|T( 8| F

5| 8

L] |

S

a
mrs worth less than 1, getting
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Random and systematic
Each person come up with an example of each
Then share with your group and the group decides on one example of

each to present to the class
As a class we will decide which one to use as our class example.

Systematic error - you can go back and adjust
Random error - making many measurements and averaging them

Page 25

EX 4: Census
What are some random and systematic errors in the US census

W@ MAUP £s o mail |
babies borft (pmputer %“WN
(eath
—Homelss—

Page 27

Ex 3: w
(1) temperatures were measured with simple thermometérsand the dat?é

was recorded by hand o’ r¢co rdlnﬁ Wrong NS bolun v
. W S X
(2) most temperature measurements were recorded in c%'wé%r ur%n \§ N

Car heat

areas m '

. mﬁ]l e
Identify whether each of these 2 difficulties produce random or
systematic errors

Page 26

Absolute and Relative Error

Absolute error - describes how far a measured value lies from i
true value

Relative error - compares the size of the absolute error to the v¢
and it often expressed as a percentage

b ermor = gasured ~1rie

ARAUUE assird ¢ 00

fi
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EX 5: Absolute and Relative Error
Your true weight is 125 Ibs, but a scale says you weigh 130 Ibs

N Vo-s=fBls] e S s
125
IIion,but

The government claims that a program costs $4
an audit shows that the true cost is $50.0 billion.

Page 29

All of the height measurements you found ranged between 5 75 and 5 85, which is a
range of only an inch. If all of your measurements ranged between 5 7.95" and 5 8.05", your
measurements would have been super precise! And if they had ranged from 5 1" to 63",
they clearly would have been much less precise

% /4
78/42= 0? (solve using rounding)
78/42=__ [.85H%3  (solve without rounding)

precise  Aecurate

Which is precise and which is accurate?

Page 31

Accuracy and Precision

Accuracy describes how close the measured value lies to the
true value. (usually defind by the relative error) An accurate rate
measurement has a small relative error.

Precision describes the amount of detail in the measurement.

How to Remember?
* aCcurate is Correct

* pRecise is Repeating

Page 30

EVEN PROBLEMS ONLY!
PG 160: 38 - 45 P andom 45@3%&%%0(5
48 - 22 (1?[ problems)

4g-54  Npsolute Lroor > 5h
Rulative ¢fro”

5458 Accurny 4 freuso”

l
oW me
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Quiz 2 tomorrow

Finish work from yesterday and make corrections to page 160

Page 33
TABLE 3.2
x| PRICEASA% [ PpRICE PRICE
YEAR | PRICE| & OF 1980 INDEX INDEX
3 PRICE | (1980=100) | (2000 = 100)
Kl .
1960 | $0.31 ,%% xw00 | 2547 0/154
1970 | $0.36 1,22‘0)(2(1,22’., 0795/ .5
1980 | $1.22 % %100 | /00.0 / 1009
23 ,
1990 | $1.23 |73 x00| [0, § / 100-%
2000 | $1.56 %}XIOO /&? N / [d1-9
R-&Y :
2010 | $2.84 (35 X100 Q3a. %/ 338
Page 35

November 30, 2012
3D Index numbers: The CPI and Beyond

U al) ) A A
HIGH SCHOOL

South San High School » Teacher Sites » Medina-Olivo, Victoria

Paget Panz

Index Number - provides a simple way to compare
measurements made at different times/places.

value

indexnumber = mexloo

$3.77 gas today, using 1980 price to find price index

$3Q?w) o:lb

—_—

#1292 (Priamaw)
$1.78 gas today, use 2000 price to find price index

ﬁ% X (00 = /Hl
| 5b
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Making . ith Index Numl

We can also do comparisons when neither value is

areference value
index#for1990 _
index#for1960

- ST R——"
9.0 n 1990

Gas price of today to 1990

qas feed S
 of 1960
iyt the prict ¢
Page 37
Changing the reference value ( (&
TABLE 3.2 /(¢ ! r\
» PRICEASA % L PRICE \(PRICE
YEAR | PRICE| & OF 1980 INDEX INDEX
2 PRICE (1980 = 100) | (2000 = 100) 31y 100
0,3{ B 0-
1960 [$0.31| 0757/ &54 Mq @X

1970 | $0.36 | | )5 957 245 a3/
1980 | $1.22 %39 /00-07 | 100-¢ ’)% 2
1990 | $1.23 143 /()OX AR/RY -?%f{

/-43
2000 | $1.56 % /Q??/ 1279 | /00.0
2010 | $2.84 % 387 | 2348 [g&f
doty 350 T
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EX 2: Usin the Gas Price Ind

Cost $15.00 to gas up in 1980, how much should it cost in
2010?

200 I3, 93005 )Y 2
lago  100.0
Cost $21.00 in 2000, how much should it have costin 1960

S0, &1 18 (2).00)

Q000 (3% 19
Page 38
EX 3: 2000 index

Using 2000 price as the reference value, find the price index if today's gasoline pric
is $3.77 per gallon. How does it compare to our answer in Example 1?

3?’?‘ /00 /Od(lg Pr:a I (qu—‘}/ mgr{han 2000

1
[ 5¢ ﬁpwd()ﬁl{’j coum-

$3.77 gas today, using 1980 prigé to find price index

397 X
EAS 09.06
/(Q X OO

$1.78 gas today, use 2000 price to find prﬁe index
|78 s 192 is |l
X 100~ id[ / frpre than gos 2400

5
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CPl
Find out how much higher typical prices were in 2010 than
in 1995, we compute the ratio of their CPI's

SR
L s 7 ncrease of (995 7 2010

Compare 1990 to 2010. How many times more is the price
currently to then?
571

0

Page 41

Pg 170: 11 - 18 Al
Show your work

#

11 Ext
O
LIg e

beeg

Ansarers
- (RS

Page 43

O

o & 5 o

need $30,000 to maintain a standard of living in 2000. How

much would you have needed in 2012 to malntalg the same

living standard? CP(;OD (Qﬁ o l 3% /30 600 ZI(O 000
Wa" Powo (2237

EX 4: Cost of livin

Find the average CPI for this year. Then using your birth
year, how much would you need in order to maintain the
same lifestyle? O[>

B30 BY

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT

Page 42

DEC 3RD ﬂ«ﬁ

RATE OF INFLATION - refers to the relative change in the CPI from one
year to the next.

From 1978 to 1979
inflation rate1978t01979 = CPlon=CPliox

72.6—65.2 Phor
6652 = 0.113=11.3%

CPIngw—CPlgrp
CPlop
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EX 5: INFLATION COMPARISON
Find the inflation rate from 2011 to 2012.

inflation rate2011t02012 = $Po2=CPhoy

229.6—224.9 Fhoz
WO = 0.021=2.%

$10

How does the inflation rate from 1997 compare to the inflation rate of
2015 (237.0)? What does that number mean?

g7y

Page 45

A box of macaroni and cheese cost $0.25 in 1976. What was its price in
2005 dollars?

$0.86

Page 47

EX 6: Baseball Salaries

In 1987, the mean salary for major league baseball players was $412,000.
In 2012, it was $3,440,000. Compare the two salaries in "2012 dollars".
How does the rise in baseball salaries compare to the overall rise in price
with inflation?

M — 1 CP]ZOIZ
salary in $,p15 = ( salaryin $1987) X CpLan

= $412,000 @ 203

What does this number mean?

~ $833,000

Salaries actually quadrupled in "real terms". $3,440,000/$833,000 =
4.1296....

Page 46

85 - $30Ml
2015 - $ 1000

3 = : CPly),
salary in $,;, = ( salaryin $1985)x CPLos:

EX 7: Computer prices

- 229.6
= $1,000x 229

=~ $64, 000,000
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If a movie ticket cost $9.00 in 2008, what was its price in 1980 dollars?
HOMEWORK DUE TOMORROW!!

[
1. What was the overall inflation as a percentage from 2000 to 20107
2. A car cost $1500 in 1980. What was its price in 2006 dollars?
3. If a ski lift cost $85 in 2008, what was its price in 19807
What was the purchasing power of $1 in 1976 in terms of 2006 dollars? 4. What was the purchasing power of $1 in 1979 in terms of 2008
- dollars?
Page 49 Page 50

Class work due today M
WDy g0z
old

pg 170: 27 - 31, 33,43 KC

Work must be shown for credit. C CP
Pluw-
W U b .
L LTy

!Vlmméiiﬁ Crt o
Chmnmfigj
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