What 1s

Science?

HAIL SCIENCE



A) A search for order and explanation of our physical

S O , WX/ h at surroundings.

B) A method of gathering, categorizing, analyzing, and
using information to explain the physical universe.

I S C) A static collection of unchanging facts.

7 D) A rigid set of unchanging rules.

SCI@HCG. E) A and B, but not G and D.
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Section 1.1

Objects and Properties
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Objec:ts Concrete

vs Abstract

Is it a thing or an idea’ An
object 1s a thing.

A thing 1s made of atoms; a thing
actually exists (whether or not
you personally can make 1t or
touch 1t or see 1t 18 not actually
relevant here)

An 1dea 18 an abstraction; it may
represent and actual object
without being the object, or it
may just be a thought without
physical reality



Properties:
Describe and
Define

"Qualities or attributes
that, taken together,
are usually peculiar to
an object."

Play 20 Questions:
Animal, vegetable, or
mineral? Is it bigger
than a breadbox?

Start with the most
general, move towards
the specific.

What kind of

information do you
want?



Properties: "=
D eS C r i b e a n d o [s : li;;zatlhan a tabletop?
Deﬁ ne v Fits on a table

® [sitalive?
v Yes

® How many legs does it
have?

v Twelve

® How many questions does
1t take to reach the specific
conclusion: A basket of
three chocolate
labradoodle puppies?
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Quantifying Properties
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Metro-Goldwyn-Mayer eiseure
LE PLUS GRAND FILM DE TOUTE L"HISTOIRE DU CINEMAY

True or
False:

Ben-Hur 1s

the greatest

movie of all
time!

Reéalisation

WILLIAM WYLER

e

CHARLTON HESTON - JACK HAWKINS -HAYA HARAREET-STEPHEN BOYD

HUGH GRIFFITH - MAgR‘THA SCOTT ¢t CATHY O’DONNELL - SAM JAFFE

ccccccc de Prod

| recamcoion® KARLTUNBERG- SAM ZMBALST cAliE "B



What is measurable?
What really can't be
objectively measured?

® You can't objectively measure
or quantity something like
"What's the best movie of all
time?"

® You can objectively measure or
quantify something like, "What
movie has won the most
Academy Awards?"

® 'The fact that Ben-Hur, Titanic,
and LOTR: Return of the King
each won 11 Oscars does not
make them the greatest films
of all time

DECEMBER 17TH
— b

= L

- -
A Asernsca Owtine Kaywono: Lord o}tbe Rings Iw\v‘ludoﬁhennu- net

"




Pro Tip:
Units Matter!

® |n general,
measurements need

- Dicario  JAMES CAMERGN — wiNst
units \ SQAERIC ] S | INSL-ET |
' | 4.0 b |
® Question: How long A\ N e
L. . LW o TN @ 2
was l1itanic? Sha—— A % |

® Answer: 195 or
maybe 3.25; both
382.75 and 269.06

could be correct

.§ WINNER OF 11 ACADEMY AWARDS®
1 INCLUDING BEST PICTURE
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Measurement Systems



IMPERIALVYSMETRIC

A Cheat Sheet for Expats in the USA

USA, Liberia and Myanmar are the only 3 countries that still use the imperial system,
also known as US Standard. The rest of the world has made the switch to the metric system.

In fact, the U.S. uses the metric system in science, sports and medicine.

Referent Refers
to What?

Body Temperature @ Ex acC tl.y

. NORMAL NORMAL le9|5|115 Fahrenh eit
97.7-99.5 °F 36.5-37.5°C 121 250
149 300
HIGH FEVER HIGH FEVER 177 350

S102% (kids) [ >38:89°C (kids) :
103 °F (acuits) [ >39.44°C (aduts) A U

® Lveryone has to agree on

——————) the same referent, or a

£ s measurement 1s completely

R e [ )
7 lb .7 b 2
M- o e T meamngless

-18°C
il

1 oz (ounce) 1 Ib (pound) 1 acre
2835 g(gram) 0.45 kg (kilogram)  0.405 hectare

v ® |t doesn’t have to be high-

1fl.oz.(fluidonce) 1 cup
29.57 ml 237 ml

= = e tech (the pyramids were
€ 0.68iiter

1 gallon 1 cubic feet sbased on exchange rate

[ ] [ ] [ ]
3.785 liters 0.028 cubic meter of $1.35 per € " t f t b lt b l >
== e not, 1n fact, built by aliens
the USA' ; K Y
17(in, inch) 17 (ft, foot) @ 5ft95in @

254cm 3048 cm ﬁ 1763 m F
: 5ft4in
1 yard 1 mile 1.622m

09144 m 1.61 km




The unit of length
known as the foot
is derived from

A) the actual length of a
typical human foot.

the average length of a
human stride.

the distance between your
feet 1t you stand with
them centered over your
hipbones.

the standard length of a
roll of paper (foolscap,
used 1n the late
Renaissance).




English (Imperial) System of Units

® Developed over centuries

® (Convenient (but inconsistent) human body referents
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3 . ]
Usage des Nouvelles Mesures.

Metric System e
(Systeme S V)
Internationale, or Sl)

t v%
R\t
| e

= \

® Decimals! So easy, even 16t |} S8l
century mathematicians can
use them!

® [.ike everything, developed

oradually over time

L i

® |’ hanks for the units, now oft
with your head!*

A
Labrousre Soels

i
L e Tiee (Zowr 2 Pite) | 4.JAve (Zowr o Torse )

‘Not kidding: Antoine Lavoisier, 1743-1794. Thanks a lot, Robespierre! ENRECTRIINTITIZRZE IRty BN F B G opns Fevy ety

& | 3 4
5le Metre (2owr 2’Aune ) 6. le Stere (L teDemieVore deBots
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Standard Unaits



True or
false:

'1'he unit of

force (the
Newton) 1s a
undamental
unit.




Fundamental vs Derived Units

QUANTITY SYMBOL UNIT ABBREVIATION

® lFundamental
Units: length,
mass, time, electric
charge

® Derived Unats:
velocity, force,
energy, current,
voltage
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® | kilogram = 2.2 pounds

M ass e This is a pretty poor equivalence!
® Mass (kg) = weight (Ibs)




An astronaut on Earth weighs & the same

mass, but

170 lbs, making his mass less weight,
77Kg. On the moon, he has  B) the same

mass and
the same
weight.

@ () a different
s mass, but

the same

weight.

s == D) a different
mass and a

different

weight.




Time

® How long is | metric
second?

® ‘Irick question! A second 1s
a second 1s a second

® | second = the duration of
9,192,631,770 periods of
the radiation corresponding
to the transition between
the two hyperfine levels of
the ground state of the
cesium 133 atom
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enifee

Scalethe -
Unit to the

® What's the distance

from here to Little
Rock?

® Why not express that ...
in feet? Inches?

® |mperial conversions
are hard! (Metric 1s
C asy !> (ED_ College Station

g

a



| earn a Few Easy Prefixes

s.

Yy

S

AT e

B~
N AN
1m iamm apm m
® nano = 0.000000001 =109 ® kilo = thousand = 1000 = 103
® mili=1/1000=0.001 =103 ® mega = million = 1,000,000 = 106
® cenui=1/100=0.02 =102 ® oiga = billion=1,000,000,000=10?

® dec1=1/10=0.1 =101 ® tera = trillion = 1012



You want to measure the length and width of a
floor tile. What units would be most appropriate?

SATRP e,

1 METER = 1 MILLIMETER = 1 MICROMETER = 1 NANOMETER =
1,000,000,000 NANOMETERS 1,000,000 NANOMETERS 1,000 NANOMETERS 10-? METERS

1im imm 1pm

A) nanometers = 10 ?m D) kilograms = 103g
B) centimeters = 10 ?m E) megabytes = 10%bytes

C) kilometers = 10°m F) gigabytes = 10%bytes



Section
1.0

Understanding
From
Measurements

Strain (102") Strain (102"

Strain (10%")

1.0
0.5
0.0
-0.5
-1.0

1.0
0.5
0.0
-0.5
-1.0

1.0
0.5
0.0
-0.5
-1.0

| | | |
_LIGO Hanford Data Predicted

| LIGO Livingston Data Predicted

_LIGO Livingston Data

| | |
0.30 0.35 0.40
Time (sec)




And Now | Bring You...the Weather
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® A collection of

might

1tative or

mformation

be qual

quantitative
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® '[he first rule of
generalizations 1s
don't over-
generalize

® A ratio (fraction)
1s just a
comparison: how

does A compare
to B?

® looking at many
instances,
making the same
comparison, lets
you start to
extract the
general
relationship of
trend

Ratios and
Generalizations

: Radius | Circumference ratio: c/r
Circle :

(px) (px) (unitless!)
10 63 63/10 = 6.30
20 126 126/20 = 6.30
40 251 251/40 = 6.28
80 503 503/80 = 6.29
160 1005 1005/160 = 6.28




Predict the circumference of a circle with
a radius of 60 px. Round (up or down) to
the nearest integer.

. Radius | Circumference ratio: c/r
Circle :
(px) (px) (unitless!)
@) 10 63 63/10 = 6.30
O 20 126 126/20 = 6.30
‘ 40 251 251/40 = 6.28
Q 80 503 503/80 = 6.29
Q 160 1005 1005/160 = 6.28

It the ratio ¢/r 13
constant, then
c = (ratio)Xr.
What value do
you want to use
for the ratio?
Looks to me like
the average shown

here 1s 6.29...



Why Babies Need Bundling

s R 4 '\’

® Why are babies always wrapped up in blankets, even when you think it's pretty warm?
® Surface to volume ratio: example in textbook
® Double the length of the side, you get 4X the area and 8X the volume!

® ‘Iriple the length of the side, and you get 9X the area and 27X the volume!



g2 4 Density: How Much

¥ &  Massis Crammed

7 4 IntoThat Cube?
m

7

® density = mass/volume

® Not everything has the
same density

® Keep it simple: assume
the matter 1s all equally
distributed



Calculate the
density of that |
cube of grapefruit |
IN g/cma3. Answer
numerically with 3
decimal places. b

_m
=y
mass: m = 7.82¢g

length: /= 2cm

volume: V= [3



4x I

Inverse-Square

><3/4/
[ " ' M
Relationship TRl
\
] " , Ee
\\ 12
y SOURCE 1 15 0
V= —\ o mym, . . .
F=G— ® |'his shows up all over physics; we will
] | ' see it at least 3 or 4 times in different
5 : pyg 1142 contexts
m l .2
§ | In words: x and y are related. If you
~— I .
- | increase x, y gets smaller (that's the
| .
L@:; | Inverse part)
I
I
14 = However, y gets smaller faster than x
ol ] gets bigger (that’s the square part, and
1/25 | now you need to see this with some

l .
1 2 3 4 5 6 numbers to make it make sense!)
Distance r (arbitrary units)



What happens if you
decrease the distance
from r to Yar?

Halt the distance, /2 the force.

Halt the distance, /s the force.

Half the distance, 2X the force.

Force F (arbitrary units)

Half the distance, 4X the force.

1/4 |- . . .
Irick question; changing the

distance has no effect on the

| I
1 2 3 4 5 6 f()r(;e!
Distance r (arbitrary units)

1/9
1/25




Section 1.7

‘.O.~.‘.~¢.¢.. TR O ..,”J...-Idv(:ws

l.“-.'l. T TR ‘.” .-.,..'P TR T R .LT“‘..J.. ’ n.”l«q}d;.r_l.n,-’
b - S \a.

. Ay .0.-..-. ..-..“Q“..cow,..h. :.’...\0-“.. ‘M.
W% LW Tl @ 00O O Gaalagy S0 XER Gl
» - - ¥ Y b AU L
. A! W, . Wi e PR :_..1.:,......1?.?. 0.5
OB A ‘..l..’... ‘.w¢~¢..¢..~n.iv.-...*..J...-v.P,f,w.....,‘!_.,.
@ @06 VOO VO, g
».9.&0.._,....::_..:.._._.r...:..rm,..,,:miwm
A e A TR i s Y Mg
. ,,‘._ﬁ..ﬂ..‘.d. LR n-v._..l.q.....“...:vo; Hs e
QVO... ”‘.A.A.d_l.c.v-. -..f...'....'.u..’. ﬁ\d;
. ‘.‘.‘. ‘.p.-.v .-.-....&-..1-?‘.4‘“.1: e
‘.ﬂ..n.u‘.-.n.n.... ...-..-?J.Ktl'x o
;..;._-,..._....,..v.....if._..."?.
O GO0 OO O OOl
AA A. MR B AN N .n.l... W ‘}-'u’rag.s,.
L -......Jf.. e !
LTI ¥

iy lyise o .{r‘:ﬁmﬁw

SRR S it v

b ;
" A

0 gl
LR RN S R e . ]
9 wrsry ‘A..ﬂ..A.Hn.“A.A. S €0 A GR Ak ..
ALSLEK ‘e L W e .....N&W%N.ﬁ
4 ¥ g : a&“haa a.M.AhAA An‘;‘..‘.-‘..‘ﬁa A.o “o ‘.- T A!’.‘.&?O"t?.\r.ﬂ.ﬂ"‘.t&
. a;-A. A.._AuAa L ._A,. LR atfn.h?-}xﬁ “ 2

AN YRS Rt A yw -
5 ,MQMMMM..M&QA..AA. Ai..;.........,.:.!u .{.:r. ﬂ
! g i
....*.

O O L L L L LU CL S BT s
| m"%.. PR R

't

P R LR R S L L R B RL B R

O e e e R R ST ER ST RO

S

)
A5a
A
A’
A
»
»
N
s
2
>
A
2
2
s
-
a
.

0‘!{0{0‘&[‘
» e

AnaAnn

Aasan
20a
AN
aaw
248
A A
ana
Aan
900
Aaa
240
- -~
22
-
:,

tia..Maﬁ“u._.%u. OO0 666 66 Rt
LEE 000 000 0600 6 GRwisnbd,
s CECN OO 000000 q“..xrie.f.&w.
””QQ.QQ“QABQA.Q& 6606 6 Odpimpmpladod, 4
v 4’&&.9 LELECEN ST P PO 0 b Wi g
v ”_”Mv M“«”Mﬂ”% Ms.?..&« LEE R n-...tftf 4 .’a
Ooe ey LOCOGHEO 060 66w,
%ﬁﬂajs&&s Lo6 Qs.s..:i..b.
L LT ' o
& 59‘5.5.5.5‘5 ”M«.M« riiha -I&...f...
as PP iiid. P ) ) !
P 3?&.9555 COCO06 600 LL.......H
il Qa.sﬁ.hﬁ BOO06 666 60w
g . ! g » &)
““’QA& ) 335&.5.&5“4 i g 3.uw..§.\.i.
5 5 v Yy 5~v~v~ \\.::.,. ) 8 s
h:.\a._., 4.... 8 6 ¢ i g.-. ..H.uma.ﬂ. ;
R
,. ”.‘- ,.Q«ng ‘ A v’ ‘-alv 'y Q-..w..‘r .
E”.” 5‘.3 ’.’.&. 3.~AJQ. 0 i Q-st:..nrs.(,.?r.‘-, :
Aﬂ\.\’\- Aﬂ«h«’.’\.& Q.M«.HM.& £ 4 q.\u{tﬂrwg‘ ‘
1 B .. . vlo\v \vlv\.wﬂr‘? o f\‘
Oy : LER R RN RN 65& 1
i O 3.5.3 O OB 66 b 6ty btri « ’ A
3&..& g e OOy, ¥ R o4 ’
e Sy, .QS.:.? @i g Y6 65 & dyjyach By
w \-.Q-Qa .3!.3&.& O HEy o iy 'y peboahlso
B 0 e 6 by gy g, £ O 6 bryigbibend
‘w,\ . -"o ‘a. £ &vh..l.c lw..wstt..’.. y P
B0 06 40 D O & i by
m‘«.&c &d h.ow‘ o ‘v ..v ‘c ‘o ‘w\‘}-‘m‘.\l\,‘.}\‘\ \“ e ..
¥ B0 i D O &y & o' gtibinsloil W
.‘aﬁ.. AL AW i i .Qilﬁd . Q.L\.
: iy, CAEN Y s oy hecibr o g
oAl R . fos .&u LR R e @5 &l u-. o aﬂ....w...s..wx\
Ll i s L B ridideidy i ol PR
o,y : LB ‘ﬂc #0 # ve'londow 44 ‘t..g.
# *% - .v.c.. ¢ 4 ’ si..— 1 ‘- g
i AL Tl AR ST T
s Wa # ) ¥ #oe ‘..»— “s.s_!f..\ .Qs.y.\....\.. uu\
* ' 1.4 ¥ 1 4 :..!.?..T..M.N«.r%.?‘..h: &
R -s.ﬁ\i?ai..z %
. R P & e
4, P ‘.0‘3\‘9.“.\.!#.\...3:. Fos-*

. . ..‘..;.A‘.A. an..\,..-
‘1.- o.;‘...ﬂ..& s.-.,. ‘» .b ...#
¥ : . . 2 } A e
sad > fS & !c...:..\.\.)...\Lm. i "

'1'’he Nature of Science



Everyone Is
a Sclentist

® "I don't know, but I'm
trying to find out, ok?"

® Science 1tself 1sn't
hard; 1t's the
discard that's
ditficult

® Lveryone needs to
be a better scientist

 PARTIALLY STARS=

BUTT

. . e |
WE LﬁDER_STAND SO MUCH.
SKY BEHIND THOSE LIGHTS—

- 'MOSTLY-VOID,

* THAT SKY REMINDS US
~ WE'DON'T UNDERSTAND

EVEN MORE.



The Scientific
Method

“Any sufficiently advanced technology is indistinguishable from

magic.”
Arthur C. Clarke

intelligent@

Observe
Hypothesize
Predict

Test

Modity
Repeat
Repeat
Repeat
Repeat



Hypothesis: best first guess; T h e \X/O rdS M cahn
have a stab at explaining

something, but the key word - SO m et h I N g

1s testable. A scientific 5

hypothesis must be testable. c, a\ o A 6T &tl
Model: tool used to visualize \@5\3 ?\1 > k.\ { w\‘\*{ v*

3“ 5
an hypothesis or theory. The ‘;&Q}t L"U\V ;\geﬁ?\a“ % i\c
better the model, the more it Cet T anddl g t\

can account for. 1’&’}3‘9’0}}5 c\e“ ralt mu}'u
reseatt

. appliea®© S
Theory: an explanation I giijcf:d e me paper
: _ ICp% theory
which has been tested hypo thesijs E’é e h O Z

repeatedly and over time— > Yaﬁm £ AL
2.V 100 ’ >
and never been found to be SR s AT pgpm‘bht I'U‘ B o
false. Explains why it 4 il insightyneOT o™ (@ e
- Lxp Y ew 13,1\'515 = PP e X
happens B‘n LY i S lae, @ Q'ie‘ .:{5‘3‘“’_.,-.1.
PPETS: eel 00{ %) AR
. . ? |(\U1|Li‘ ?Y PY"I(IPI][\‘;\D p b -.'\\{
Law: describes an important measurementK1 H)wlmlrrpfiat €re C_’\,\’t\ -
relationship that is observed ‘“”“11 ddtalaboratm "Vprediction
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Cats born under the sign of Virgo
A) Funfact!  are more intelligent and analytical
B) Testable than other cats.

hypothesis! oy . - o

C) Scientific «VirG @ay/_

theory. "WHo RES(VED WHo?"

D) Old wives’ AuGusT.22 - SEPTEMBER.23

tale. | +

E) SO obvious SymBoL: THE VIRGIN = -
1t doesn’t PLANET: MERCURY

ELEMENT: EARTH
even Il€€d GEMSTONE: SAPPHIRE

. ' CoLor: DARK BLUE AND GRAY
explaining!




A)

B) Testable hypothesis! -~ E) So dbv1ous it dbesﬁ 't

C) - Scientific theory.

even need explammg'



Pseudoscience, or Please Don't Get Me Started

7 Ways to ldentify
Pseudoscience

1. The use of psychobabble —words that sound
scientificand professional but are used incorrectly, or
in a misleading manner.

2. A substantialreliance on anecdotal evidence.

3. Extraordinary claims in the absence of extraordinary
evidence.

4. Claims which cannot be proven false.
5. Claims that counter established scientific fact.
6. Absence of adequate peer review.

7. Claims that are repeated despite being refuted.

Source: Frontiers in Psychology, Hauntings, homeopathy, and the Hopkinsville Goblins: using pseudoscience to teach

scientific thinking by Rodney Schmaltz and Scott O. Lilienfeld
http://journal.frontiersin.org/Journal/10.3389/fpsyg.2014.00336/abstract

e (ontrary to what you

might see presented by the
media, there are not "two
sides to every story."

Peer-review exists for a
reason; 1t 1s not a perfect
tool, but 1t works.

Science works because
we're all 1n on 1t;
sometimes 1t doesn't work
as fast as you want, but
<insert historical context
here>



Which of the following is an example of
pseudoscience which has been refuted by the
scientifically established peer-review process?

Pseudoscience:  #) Astrology
All the cool stuff
' schools don’t B) Young-Earth

teach. creationism

Like Psychic albino

~ sasquatches C) Vaccine-induced
B i ... autism

D) Climate change
denial

E) All of the above



