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Chapter 3: Heat and Properties of Matter
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* Temperature and Heat

p/ft ae > " b, j\
— Conversion of heat into useful work
o 550 /j" "f‘."“h d‘"“j
— Specific heat
e gl | Y4
- Change of phase

. PrOpertles of matter
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—Solld liquid, gas
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— Elasticity
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— Stress
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/ Temperature:
Og)p&ﬂ S A se s

. Bas:cally temperature isa meagsure of hotnefs or coldness of an object

'Qb-/') oo

rf‘ﬂj
. Properly measured with lnstrumental therﬁemeter (ng:c by hand WQLCh
/k-" g f \r
is not sensmve enough nor precise)

L Eoles .n,ur' fnly BFT
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Thermometer example: Fllans, g e
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Common
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Four basic tem
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Boiling pomt of water

NL-.L:.S\

Freezing pomt of water -
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erature scales
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Celéius S Fahrenhe1t °F= "C X 1 8 i 32




Conversions between dafferent seaies

C—J_J/‘fyuji
EXAMPLE 3.1 ~
. N F—
The human l?gg]y aveage teor:fleedr;%*gure is ?8 &PE What is it in decﬁgrl;eistyCeIS|us?
Data: F= £ flG 212
' F-31 @ =CX8 o % - F-3%
Te=986F < g T B
K5
' \- 2
Basic Equation: -
: Toz Sffe-s
Te = 5 (T = 32) 7
Working Equation: Same e ?35(.9 5.0 #:72-)
TR ¢

Substitution:

Tc = 2(98.6"‘ « 327}

= 2 (6669
= 26

= 37.0°C



Conversions between different scales

C),./"'_)su c:q_g.!.o."'l—f-l c_,u___-a;l_._(I
5T u&j\@wtﬁlewxwm' aep ¥
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R N\ Dl i
Sometimes it it Is necessary to use the absolute tempe C[qure scales, whigh are the Kelyin

8 02

smle and the R&_;ukme scale These are called absolute scqles because O on e1the1 qcale

1efels to the lowest llmlt of tem}:lf;lature Cimid abso me ;go
ST The Kelvm scale is the mefric absglute tempelatul\, scale on whu,h abiglute zerois 0 K

ap, > M-‘\,Q.J‘

and 1s clgse 1elat to the Celsius scale. Thelelauonsh] 1s* Sa, yiolie_yie S o Lene 8
‘«:wy quw U glabal 1 o wp M/j.\ :;\)imfw\

oYt TK = TC + 273
0k O L oy»b-d‘—
The Rankine scale 1s the U.S abs%e '[611]]29318}1116 scale on Wthh absolute zero 18

| S s>

OO R and is (Tgbely related to the Fahrenheit scale. ﬁle 1elanpnshlp 15
Cw I;JJ@JJ o'las < Wue
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Change 18°C to Kelvin. £ L,//fef/;\ P
— o2 AX T T
\_\-‘gv (\
)Q- ’r“ ’ SO

'&:7: -t273 ) Tr)"i"k 1a:
Z=Tp - 273 T & =) Tc = 18°C
b _ " T, = ?

F 29 7 432)(F2T) )
) =z Basic Equation:

7. 501 -39 (%

C"ﬁ(; Z(/;-—PT“) [TK:TC+273]
) (7;: o) 7;__*_:'7—;,W0rking Equation: Same
5 7L _>T« Substitution: B _

— ‘ e — | Zx '[F =z A (L
/s LW? oy y < Tk=18+273

T tr” o TemfPratue P42 T : 7
ST—¥C , AT = 5’131/ = 291K

\3 K —= N lute = }‘ﬂ'u»\’g’l\/;\ et #)

@

g ot 51 =F

AT = DTe
ﬁ‘é‘;m Zetoz =TS



Change 53<°R to degrees Fahrenheit.

S | & ot

Data:

Tr = 535°R

Basic Equation:

-
=
[

T + 4660]

Working Equation:
Tr = T — 460°
Substitution:

Tr = 535° — 460°
= T5°F



.'%MWJ’QD/).:!J‘:SJJL&;J ¥ i Heat Oﬁﬁmﬁ‘mw’{“g’)‘3awmd—%_§ oy LJise

C“‘/J’Q’/Jwgmﬁjﬂg‘bl }ﬂubjglml/iﬂf;ﬁwwté
Heat IS a fodgw of mqgrnal kmetlc and potentla. energy contained in an
nf\,,qh \3&*_’ 0! gkl

obgﬂegt assouated W|th the motron of rts atoms or mole;ules and may be

transferred from ah object at 2 hlgher temp'erature to one at a Iower
e s D0 As, s d e Alginio
temperature -

Heat cannot be stored. HeJ is a transformed energy (example W,Q[k bv
T SR T T

friction force transforms | nto heat) - Rla e
ST iy

/

— = ]
Qs & pie 25 b B o, 0L, &350 LT plEW wmdi®

Units: o Ogrn \Ga f oot
LVE:-J\E)M.! @ , i __Ll;-ia ?
Sl system — Joule (J) Cet =
U5 Wsystem — ftlb JKca\ = _ H,19K7
IJ | < lér’ {, 5
Other units: e ey IS 4o 7

ey

IVle’frlC/SI system —> kwkcal) L_,,_lC,_d
Br;tlsh system — Btu (Brltlsh thermal unit) Britiyh <

e, L e \
L,onversanon I“a_g_@ri Goille, et B Bm Lritish %'ff;:-’?
b kcal = 41901 - 1 Btu=778 ftlb VS __

o (L C) sUyoo (1Ke) 0P 22 a0l s, L)y QL o 1 o B 80 cp 30 Fﬁctlon causes a fise
*Definition: The kilocalorje (kcal) is the amount of heat | in temgeraqtyre OI the
necessﬁry to ra[sje the temperature of 1Kg of water 1°C. drill and ¢ plate.
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Conversion of heat mto useful work

S ATe

EXAMPLES:

ﬂ/ﬂji

d—““d S Jf" As CtheJt:_m&

. Lio i j,pL':\E: Q)
dw(g\:_)wf &M(Z/D/)y;rwr
In our bodies: ol

Food —¥ Heat — muscular energy (~ 25

% of the he}at) > work JEPITIPIE NS,

dw(—_c‘)/\"‘_u’:\“‘-‘é-'p/ﬂ -

'L‘i/LLlKJlUlDﬁmUSu

By burning gases:
Heat — gas expansion — Work

o/

(example nternal combustlon engine m

clo 1 Ry = S
cars) S @
o L}U“’C——:J} _J_mecju/[_»,u - 0/ _)-P
< Vo o ¥y u" L(,
By steam..
Hee} —> energetlc steam — work
Df j_;_.u
(example: steam turblne) ‘
Q\*‘“ /\7“'*'“ c.J\J-O/_?)

e

Steam generator & turbine

e S ‘jln

Jeo

(J“‘.fj‘
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X1 What IS the dlfference between
temperature ‘and heat? /

o i AELD
A emjggl\'ityre is a total thermal energy, h&g:t_is a meagure of hg%Ss
'jf?t is a tq,___gl thermal energy, temperature is a measure of hot}gguss
C Heat can be stored, temperature cannot
D | Temperature can be stored eat cannot
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EXAMPLES -

2

3.4 Find the amount of vggjrk (inJ) that is equivalent to 4850 cal of heat. =

prat % (/L/ \\JP\ i v & [EE = (d;:;‘) 2T I
(419D ,,
4850 cal X ——— = 20,300 ] or 20.3 kl
| cal

3.5 Hc:}N mt,xch work must a person do to oﬁgt eats}ng a 775- Qalerle breakjg;t?’

M‘ 200 oW dur  al 'y ':j Gzl

First, note that one food ¢alorie equals one kilocalorie.

st 18 1 ol el 9 55 L ‘ap\s s P gls
4190 ] -
775 keal X —— =325 X 10°]  or  3.25Ml
| keat v..

3.6 A given coal glves off 7150 kcal/kg of heat when burned. How many joules of work result

Crete r.;u ‘j T SUJ e (yeddy :
from ournmg one metrlc top, assumg that 65.0% of the heat is lost? &
Flrst note that one metrlc ton equals 1000 kg. W &
..JJi Lo G oYY gRE aald olay

keal 41901

7150 — X ——— X 1000 ke X 0.350 = 1.05 X 109 ]
kgt keat @

) [



" Specific Heat

@l})\g ‘Eﬁﬁjﬁ\’a/lﬁ\ . a;;yjl‘ Jﬁ/l‘;)
The specific heaa of a substance is the amount Q_f_ll%lt necessary to cl‘lﬁgge the temper-
» = r o . Z P 2171 Wi i o lP\@e 2
aturc of 1 kg Qt?l:t_ 1°C (1 Ibof 1t I°F 1n th(—;* British system j%y formula, A&
/'of'!J}\ ‘q;f )f’/&/| 'a;.f./
—7 . z .
— B 0‘:‘)*) \pfflﬁ \ Q 7/ _
e = (metric) c = - (U.S.)
\ ;
- - mAT - wWAT
ql.as_)\ e = e Ly T Gp, 3 e
.nfy\'i—_b/_b__):‘:'\' 2 A7

O = cmAT (metric) O =

‘Zldx'_JJJifozljjm ;éfg g 'wk&qﬁz—jd\ fn/l,ﬁdx e

= spegjg}c hggt (L E) 5oLy m (g oo s i
Q = heat ST N ey, e & P BV
e [w g m] Conge

m — 1Mass
aln

M= weight

S L;K_Efl-- z !CO“\. =z q)}jj = C{,!ﬂkj

o, o e
AT = change in temperature/ ' [« 9. 5 .C Ka.ls
ST e A

oo s T | 9oy
(Q-nty | 49227 o



H%‘w many kl|OCEl|OI"I&SiOf heat must be added to 10.0 kg of steel to raise its

te perature1SO°C? & Yh e

'=b _fD QP/) AR

Data:

m = 100 kg
AT = |50°C

Q:?

Basic Equation:

Working Equatlon. Same

Substitution:

Q= CO I |5_E_3L )(IOO ke)(150°2 )

k¢
= |73 keal

k,ah,ol e .upi

(from Table |5 of Appendix C

e Jaao y&nJ'l

. Caorllr )
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i EXAMPLE -~
X

How many joules of heat must be absorbed to cool 5.00 kg of water from
750°C1to 100°C7 ™'

U Ywlion | ey e JLL Uo

Data:
m = 5.00 kg

AT = 75.0°C — 10.0°C = 65.0°C

( :’I 4190 J/kg®C (from Table |5 of Appendix C)
Q _ - et

Basic Equation:

Q= cmAT )

e

Woerking Equation: Same
Substitution:

_ o .
Q= (4| 90 v )(5.00 ke) (65.0°0)

= 136 X 10°]  or 136M]



Change of Phase

(e Ly

Change of phase (sonlej;lme called change of state) is a c/;qJnge ina
s
substance from one form of matter (sohd hqu:d or gas) to another.

“ao\b | s sl

fp)a\d;;g@’a)d,;ga *
Wb A\ e

0 &

2
RS
HQE

Molten |rq,p atabout 2900F is pourpdfrom a bucket into an

otukl
open mald by a person in protectlve clothes and gloves
A o S v S



20,5 (Adz) eI d 5 Le @ T Yoo W 3¢

Change of Phase =i« ..o

DY S Lo i b, O e
5 ey Ny qp/,zty\glj.)i,u
= \ . \ . \ lr
FUSION PRI oy Yri A A K.
The cllange of phase from solid to IIQCL}{Id IS ca[!ued me[tlng or fgg@qn.
The change from llqmd to SO|ld is caIIed freezmg or solidification.
e ol Crianedd
‘,jq‘f..@ (L;)OJP*
EXAMPLE _ s .

7 L‘CU" a\]cj’_:tg‘*J o, |
o1 0 Reguires
1 kg ice) L‘£

at0°C | L Toform

,(;-33”\5 __ | i 0

NS
The amount ofhiat required to melt 1 gor 1 kg or 1 1b of a“lgqumﬁ”ls called its heat of

aec, W A EWY

Q.LOU cdd\uo a)l.f.\uq(if{al)
1 kg water | <eous - Sldi g,
a{ 0°C dl.)u-'_:,ll:.l OU 5

fusion, designated L, i Lo L liguid ™ S pds i aiels) 5!
. Q '/‘/\ LIS : @—D M!m ‘,MC 1":
' 2 ; Ry :
Za \,fjm «Lr=—(metric) Ly = (U.S.) P A f' @t Jveczing >
¥, 1 -—j: ) MR = =
. il < S

No temperature
Lj == heat of fusion (see Table 15 in Appendm C) -

oo c/ ange uﬂng

£ = quanUty of heat
S0
7 = MmAass of Substance (metﬂc system) Change ofphase

PRUST

}{/: welght of substancémﬁ{js system)

4 (et
L& Aj

S T




_EXAMPLE 3.9

E ..JM,]J

. f 1340 K of heat is requnred to). %; O_Q_kg of ice at 0°C lnto water at 0°C, what |

<p sl

IS the heat of fusron of water?
.a/JP' y; lf;_,_u.[ *

Data: !

Basic Equation:

Working Equation: Same

Substitution:

heat of fusion (water) = 86 _c_al/ g, or 80 _l;_ca_l/ kg, or 335 k] /kg, or 144 Btu/ll

S o

Q = 1340 kJ
m = 4.00 kg

13401
" 400ke

= 335 K/kg



as sl sl slo il s Ghpte %

® Change of Phase AL
VAPORIZATION ERSIEEE

J - @ ,\_;:Jl qj\def
The change of pﬁgse from I|qU|d to a gas or vapor is cg[Led vaporﬂlon.

The reverse process is called condensagon (gas — Ilquld) (BN 3 M) AT B
e eyl ae A 3, >l 0B

Aoy S Ls 0 2>LL( M(fg,jj

EXAM PLE ’
O s — B s
i : Ak ‘i‘.’ ANSY | 3
_ R-‘?\q”“@% Toform _ 1 1kgsteam | ) oottt s e e
. To form Yields (water vapor)
" al 100°C | < " at100°C
RN
The amount of hejat required @[J/_uze l gorlkgorllbofa hquld 1S (,a(llfg its heat
of vaporization, designated L. " U(C,Jr FLat U e
NG 5 0 ) Mg wam’
L=2 (et L, U.s. o
= — (metric , = - | - )
4 m ( S o ) } ; ( ST ) : __,égad o )

N /Vo tempera fure

(e

L.= heat of vaporization (see Table 15 in Appendix C) change during

0= ‘lu"““t} Ofﬁ?}t | eran ange ofphase »
m = Mmass Sof 'subqt;L1L1*1ce (metgic sys t;gm) | 3 ] @
r‘ s — e T ——— — T —

= welg_)ht of subsmncc, (U.S. system)
o u—‘a/u.m ¢ Gy
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EXAMPLE
3.10 if 135,000 cal of heat is requrred to vaporize 250 g of watet at 100 °C, what is N o

oA

the heat of vaporlzatlon of water P P
2> qu.,J r’\f
P &
\"v“"‘ 5
A3 | 540 cal/g D&Ea: Q = 135,000 cal ; ad
) _ b
B |135cal/g m=250g
L,=7
C | 250 cal . . Q
& Basic Equation: L, = —
Sl ML CLB)L&QI.J m
L . 135,000cal
D | 100cal/e Substitution gives: L, =
S g 2509
= 540cal/g

&)

he’lt of vaporization (water) = - 540 cal/g, or 540 kcal/kg, or 2.26 MJ/kg, or 970 Btu/Ib
OJJ“ fsw_“



EXAMPLE
3.111f15.8 _‘;J;q of hejat IS requwed to vaporlz&, 18.5 kg of ethyl aicohol at
78.5°C (its bo/llmg p@lnt) what is the heat of vaporization of ethvl

. ! L d
alcohol? S
ij_f{Jl
_ . m = 18.5 Kg
B | 8.54x10° J/Kg =7
C | 8.54x10"J/Kg Basic Equatlon L, =2
Quwlw Ut alslelt m
R M 15,8M
D | 8.54x10° J/Kg Substitution glves L, = :
C)Q)f«‘\ __ - 185Kg
_ 0.854M]

Kg
= 8.54x10°J/Kg




stﬁldfﬂw\ o/f)l ’awL&o D/_):.qup,pau/w &-f_}-i Q,JLU asMy) bl

f T - . p/j\ G\p, > co Mkl B0 Bole e Y it Tl o s
EXAMPLE: - " = @ i sl 7 s X ~
AT L] U@ Ao (B I (&) Al D ot

| Figure 3.8
120 Qu=mL, F
D & Eﬁ\QS": CsteammAT
100 |- | pr 1' ¢

(o)) o0}
o o
I |

| A

—B lIce warming ...~ 42,000J
—C lcemelting # 335,000 J
—D Water heating 419,000 J
s -
~=

£y E/lc‘t.ﬁ S
Temperature (°C)
oo
o
|

Q, = mL;
B c

N
o
[

0 / Waler bojling  2,260,000J -
-—20~—AKO1 = ¢, mAT §leam hﬁﬁﬁng 40,000 J y
=AD . | | | ! | ;‘v | | -

o| 150 300 | 450 600 750 | Y3000 | | 3150
42 377 796 3056 3096
Heat (10° J)

Heat gained by one kilogram of ice at —20°C as it is converted to steam at 120°C

oM Al 20\ ‘,d,jL_SJ el Loaae d e di, Go



EXAMPLE Ho’;N many BtLJOf heat are released when 4.00 Ib of steam at 222°F is cooled to

eyl Sl s e
water at 82°F ' =
Ta find the amount of heat relepsed when steam at a temperature abo\’ its vapor lLd-
e, b ) l
tion pojit is cooled to water lu.lnw its b n!mu poml we ne >ed to consulu lhlw amounts (m,c,
RIEV slo & L 2, ; & LT
Fig. 3.12 ):
(5 = CypupA T (amount of !.]t;lat Iult,ilb;},d as the steam LEQLI"L\ temperature from 222° F ¥o. 21 2°F)
04 = wl, (dmount of ht:;ll :thé}iﬁd as the xkgm changes lo water)
(I3 = ot F (amount of hmt 1dmui as the \\'d&,l changes lunpcmnm from 212°F o 82°F)
| sl -.f.L‘L.u G/j q-"f’ Lo
Sothe Icgtﬁ'}l amount of I}SJ ul;tmld ( = s+ Oy + Oy o
l)dtd. w=4.001Ib T, ofstcam = 222°F Trof water = 82°F | Q ="
Basic Equation: Q0 = Q05 + 0y + O3 "
- - ot I_d—._—_bl
Working Equation: O = ¢, wAT + WL, + cyqeWAT LG Gty |
o3 1 |
Substitution: 1 |
Btu Btu I QS=CsteamWAT
O = (U 4%15—“) (40(”11)(1() F) + (4. 00}5)(97() —L-H*) I :
|
: ’ 1
222°F |- | Q,=wlL,
Btu . l «ain—-w/}
L. ()Orbm (4.00 H5)(130°F) = 4420 Btu : |
|
|
i OS = cwatefWAT 1
- g2F | 1 :
Q; =wl, : |
| | |
Q = CiggW AT
FIGURE 3.12




EXAMPLE
How many joules of heat are needed to change 3.50 kg of | iceat — 15.0°C to

F 2170 as W /..._r.AJ
D
steam at IZOO C?
-
lg ol
: Q=Qy+ Qo+ Q3+ Qu+ Qs {

e o 3] ¥ gy e gina Lo ’ I
Data: m = 3.50kg T, ofice = —15.0°C | Qs = CopoamM AT
T, of steam = 120.0°C | Q = ? | |

120.0°C |- I Qu=mL,
1 el ¥
Basic Equation: E , " i
. CwaterM A
Q=01+ 0y+ 05+ 04+ 0 ety /]
| |
7 -7 H ®
Working Equation: | — l/ |
O = CieeMAT + ML+ CyuueemAT + mlLy + CuoummAT O1|:Cicem - '
Substitution: G

] kI 10%)
0 = (7100—) 3.50 15.0°¢) + (3.50 kg (3"ss~— X
G e ke)( ) + ) kg) ™

(Change to joules.)

J M) 10° ]
+ (4190 3.50 100.0°¢) + (3.50keg) (226 — | X ——
( Leg"Q)( ke)( )+ ")( ! w) | MJ

o

~ ]
+ (2000 3.50 kg)(20.0°€
( kg"Q)( 50 kg)(20.0°€¢)

— 1080 X 1073 or  |10.80 My @y
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. Smallest (610711 m)

® Properties of Matter

p)Lél

“Matter i is anythmg that occupies space and has mass.

ol S Wy

(_/Lc’) &—MLS\B‘.'NL\*’T
i}lw;fa.i (sUesdy Y'ettaly

Crrbs cs\e 5 Gudu (Voo 58 Tk

AT
leLes Lo 1oLl Pl X
e 5l S -

H, Na, Fe, ...
H (mOSt abundant): HZ’ CIZ, NZ’ 02 _ Water Molecule HZO’ COZ’ NH3’ ess

=
“lightest (1.67x10727 kg)
U (Uranium):

Quite heavy (3.95%10725 kg) . ’;, 10-1° m %D,



Solid, liquid and gas

ts) ol
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! o
b 3 . 5 e
— = rr;_? i - U '\?'
z. 5 ¥ [
z P e A ] -
ey iy R i, . g
{ k@ Tl 4 sy —,
i o v (Y Sl Mo Y
e g Y \t- o, : :
b : ] vl g et 3 (]
“hi o wt T Z . f 9
% : I} Ao 4
s o p 1 ;;j: : .‘.
, ,
[t .
L @“" N
N . .

(@) 29 id molecules vibrate
in f lxecr posmons FE
s ‘Qg‘sﬁ

« R 3 3 qranelisr %
'rlgw \\_ - " @:\:‘1\: Q{QJ\ I-ﬁ"‘ep
e Q @ i r@
’ i
@ 1 ":..'\ "
an. 9 Q,

-

() Ldﬂu'd molecules flow

over each’ other. S
g ligs  Gexd |

o

(c) qjas mqﬂecules mave rapidly
y i“f“’
in aﬂ, dtreg)_Lons and gnge

Gas takes the shape of its

contalner
A}UJGF D)J/‘"L‘J L‘_)_‘,%—

-uestaf’)beibul@bomd’/‘ﬁw
q},;;_,gtd»—cw -LD\_; Ledy %

Comparing the three states
e EWIL OV
C’u/




Elasticity

c\JJ)J“‘

a meagure of a deformed object’s abjlity to return to its

original size and shape once the outside forces are removed

E:;:-—D- "‘""""‘”‘—"‘H—‘\f—“
ul‘f’_U\ Lm.l.sle M/U'l U;—‘“
\.’r,(__r“-f’

b ol e, B Jels ‘5_)“ LLLs U{f"—ultﬁ’—iﬁﬂ;w&\ “o59ell A gkt ¢ Lup D) 4ya2e

*
a

\e\m

_g’\c:u_})-(‘

ubber ba

B

EXAMPLE: Elastluty n at

Jd Wa C'UJ_}L !

Stretch <

‘ore

S Release >

r..:_wl




The elaftlc ilmit

\a) Spring before stretchlng (b) Spring stretched near its elastic limit
e . qej/“ v L) s = - Spare
el 8 Db 4B e oo ks X

(c) Spring stretched beyond its elastic limit (d) Spnng stretched much beyond its elastic

S aley cap
2 sy oo SN g — limit ... break occurs! o
. ; ' . ) _ &-8’ G oA
sk A% /JL?JWC*%"“J\Q{ P - ’ Iy phis fﬁcw,r‘iffu’ a0 (2 Lo se %
(}ﬁ)\g f‘_flp.ut"-'-lﬁw;:ﬂ:db- &lﬁﬁijﬁ‘dlbu\mm*‘fﬁé\-m\}\% \—u\li’ U@‘CDJ)'L\‘U’*

The elastlg limit of a solid is the paint beyond which a deformed
object cannot return to |ts orlglnal shape.

fod oV m agy” €9
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Smeés P b e ek« d)

> Lol
Stress is the ratio of the out31de applied force, which tends to cause

> 1

stortlon to the area over Wthh the force acts. In other Words

{)-“U ao Lt ! Ayl _)_nJ'. >3 7T e
applied force o e
stress = Erery Sl _F
> povd area over Whlch the force acts Or o S 4
q,pL«uJ-'. Lr-{t - J’JJJL ‘_/‘l-’__}’ . L
.

/

S = stress, usually in N/m? (Pa) or [b/in? (psi)

e AN U“‘_[;«,; bap g 3¢

SR P+ Nlm*
= Pa =Pascal (3] presgyre unit) = 1 Pa =1 N/m? | . b «
w uﬁ‘/cfzvf osli 6T
— fo;ce ‘dpplled, N or Ib, perpendicular to the weead
b "ooles
surface to Wthh it 1s applied %/«
' Qeles B o ey
A = area, m” or 1n2

T aslalkl



EXAM PLE:

) e B / T
'CAj\u)jf? 2y 535\ Ly e 0%
Case |
F= |2Z0N
A=800cm X 160cm = 128 cm?
F 120N /100em \? v
S = n - sz - /
= 938 N/m? = 938 Pa
Case 2 ‘7
F= 120N sy o5 Fobatk 5ot LU LU & Ot 6T i #
- — 2 Sl 2 Wl ¥ 2N g cqfw'apmﬁ-'.lmlj) 3‘:)
A= 600cm X 800cm = 48.0cm - plsie sheyy
B F B [2.0 N IOOQrﬁ 2 G Lo P
AT 480 \TTm The W&lg/htjof the brick)is constant
— 9500 N/m? = 2580 Pa o but the stjfggls on the table in pait (b)
15 gleatei

" ol B



Stress, basic types

P.&Jl Cl_,_;.ubu_u

-.Ln:m.wrwsm

Tension
Compression
Shear
Torsion
bendmg

o s s Ly

,@p%l@
bb@l.)%l@
c}e:"blj,?‘ @
sydisker @
WaTR I~y ®



PR 1. Tension

Ly ok )

/

ismaw. as*z«. »fwa%m

The rope in a tug-of-war compet|t|on |s In constant tensnon
e T\ Do e 2y Luo Sl

| T

Tension =

iy



Plopiyi

2.C ompresslon oo e B

o\
A column ugquer the New Clark /"

Brldge cro gg ng the M155|55|pp|

Rlver isin compress:on
P
)l,-u’ldl _/\u—dlc,)_s’l-adﬂ\;fj\ (_L‘__)M «-’»P?&

'Q‘r‘gLr-,c.J.

]

A book being pushed in

/ / this way is u_rld_g[\gufc_):hng
shear 5=




CNGIp olpl e Qllet up %

4. Torsionr

5"_;,.J_jll

Applied Torque (e.g. from haﬂ}d)
i e / -

c | e g”f

At z-
/\

counteracting Torque (e.g.
) . . from*wood) £
The twisting of the bolt in one ! T
. i 43 . 9“ ol ¥ ol
direction is counteragted by the G9

force of the wood resisting
23ad (o Clud 3

9 . - Y ac 3 Laz
the turning motion.
J/:.’));;_]I ) alt
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4. Bending

' (G o 5 LT oTx
""’“""");’A " © Pl @

Bending = Compression ® Tension
et 52l oLy -G

; o\ ot gl o sl
compression L el

F " F
——

s
) “-\ _—__——-—'# é‘_’f}z"l\\.md"‘
F  Tension F 1) 24

Important for thin & Ingz‘ but strong

ADLE

A bC’lm that 1S bendmo 3{5((‘132"2‘ body (See documentafy by RICﬁ&Id
A o L H;zmm(md engineering connection, Airbus A380)

-

Wmct.’o_n pjw;‘(ﬂ,}&u\ C_S’\'t'{*
Sk g v 5 OﬁJ b et g
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Stress causes strain %7

IV o Jd L
Strain: . I et e S
|s the deformj;uon of an object due to an applied f
O el w
Strain = changéin length - oo | |
== Original Iength ergih] SN S
Crl.l\tJ) i1 G, ' Sy e
Or
5-«3\;

Strain = _h;g;ng; jelin volum e/
ST O_r gmal volume




EXAMPLE: N

A steel column in a building has a cross- sectional area of 2500 cm? and supports
——

f-5).1)_)" 5 o{/’-’l Schio 5y
a we|ght of 150 X 10° N. Flnd the stress on the column a
u/_) M)\ gpﬁuxduh ;ﬁJ\
\f Sz 7
Data: v
\f//
— FEFH prpd _"__”,1_)2 — 2 Y
2500 cm? X (|oo — 0.250 m | 47 " [~
F= 150X 10°N |

§=?
Basic Equation:
F
§=—
A
Working Equation: Same
Substitution:

150 X 10°N
0.250 m?

= 600 X 10> N/m?
= 600 X 10°Pa or 600kPa @




'GJ”/L'I)‘P/JLM"“‘){—LO C—UL/_LM_}.ID _},,_j‘

Hook’s Law

:;L;JJ—LlZA;JLﬂ

30
= applied force E
k= elast 10 constant ?"‘é
Al = r'hange in ngg th h
A (the gﬁfﬁk 1?)@?1‘ delfa) = “change in”

D O LlZ

g-u,,oJidjmtJuaue,Ll byl 2w L w;ﬁ’u\ybm—:% "

Hooke’s Law

The ratio of the fg;e applied to an

obﬁgiir)nschangEEnIengﬂw(lemﬂUng
gy ZoJl

in its being stretched or compressed

‘bytheapgﬂ§dfb:aﬂlsconﬁﬁntas

long as the elastic limit has not been

au gk is (-
exceeded.
Elastic limit atyg Sh
! Plastic
region Fracture
o K ‘
ié)g N\ P O o g d b lon o aish %j“:?f)
XD & (TSN S e ©
@SQ (;\;i LﬂVJ- ,H{Jf' S8 Pt
Co -
X/ @ vl 4l DS @ Lt 1
&/ S
o9
Ny
Al



A force of 5.00 N is applied to a spring whose elastlc constant is 0.250 N/cm. Find
e ek

{\j_f‘/

Its change in Iength

" Data: F=500N
= (0.250 N/cm
Al =

Basic Equation: g

— =k
Al

Working Equation:

F
Al = —
k
Substitution:

5.00 N

A S
: 0.250 N/cm

= 20.0 cm

.u!u{

N

N/em

500N



A force of 3.00 Ib stretches a spring [2.0/in. What force is required to stretch the

AT 278 wmt T Ees
spring 15.0in2 = - 2 2
Ue)LJI
Daia: N
F, =3.001b
/[y = 12.01n.
/> = 15.0in,
F2 =7
Basic Equation:
Fo v
N
Working Equations: .
T b ol ko
., — K an = 9
Al ‘ ‘ 7 1b
Substitution: There are two substitutions, one to find & and one to find the second force F>:
QLJ: \—.’:W}N J!—f‘:‘u PTATE] slouy <L Gy s el
3.001b
12.0 in.

0.250 Ib/in. = k

/
¢

Fy = (0.250 1b/izr) (15.0 in?)

= 3.751b



EXAMPLE
J Lo

A support column is
compressed 3.46 x10™* m under
a welght of 6.42 x 10> N. How

o 7

much IS the colqﬂmn
compressed under a weight of
5.80 x 106 N? 0
FlJrst flnq k:

Data:
Fy =642 X 10°N +
Basic Equation:
2
Al
Working Equation: Same
Substitution:

6.42 X 10° N | 0
k= —— = 1.86 X 10°N/m
346 X 107 " m

:k

Then:
Data:

Al = 346 X 107 %m

k=186x10°N/m  F; =580 % 10°N

Basic Equation:  F,

i

Al
Woerking Equation: /
F
Afl - i
Substitution:
580 X 10° N
All =

1.86 x 10° X¥/m

&

=312X 10> mor3.12mm



" Properties of LM

C}ﬂJl‘)ﬂA C}qul }
(_—J»‘j-&l.u QMLIJJ_M\Q#)L»{J\ L0 3
G 503 Wi JE3 D0 oD ane e B ) ©
(wﬂﬂy/j)aﬂwce]jﬁ*(f U_/‘W_} ‘fﬂ-ﬂ-"w‘:l/\-ﬂ—*ﬂ Lu_ﬁ@

Basic p%s L Sheh e AT e T o geme wmo &)
e Has aeflmte volume (takes shape of its
L;»L
contalner)
y v
3
o Mo|eu%9>!1§as are close togeth r and move in a

flowing motlon

(a:a.u,al.u)m 505

* Difficult to compress
Eaa y S0




" Properties of

Propertles shajred by most liquids:
y G gl

o~ e Surface ten5|on

(P a3y alay

e b

to act Ilke a thm flex1b|e fllm

1'| e {i\-‘*‘-‘)
“"J

The ability of the surface of a I_qj_d

gt s s R I RN
(a) Water (b) Soap added

us’wl UB‘W\

(a) The surface tens:on of water will
creudf 4 LY ey gart
support a need g.

(b) Adomg soap reduces surface tension.

olp | O3 ualdl (_}1_‘:: “2 11 gl

| UlE ¢

T

quids

'_‘_‘\_/:__—___—

¢
t

(a) Mercury drop on
A9 B e
a surface ,,_,g,

}‘a.} LS

C}a)ull(_;teudujw\ %
cpad (_jJLJ.qu e B bso3 _Z
/U—“’/f_)ﬁ_t\,,mj-q;lﬁ_)

(b) Liquid drop in space _
o T S S P

Falling raindro
(c) oL g o P

(a) Surface tension causes a drop of
F B gJ T e 8.5
mercury to be medrfe spherlcal

(b) Surfafce tension causes a quwd
drop to hold tggejb@; Fl

(c) The shape of a fallmg raindrop is
T ad

SE~ m
due to the fI’ICtIOI‘l wath alrw

Corad NPCTATT \>

ssed Co



Surface tension in nature
(J;'&ruJ'- V=l =PV e

N

Phenomenon of surface tension
0,20 O;Lo'_mJ TATY

A e s\l G s el i gl (Gatbi) 5,15 1 e 30 %

Surface tension: is the ability of the surface of a liquid to act act like a thin, flexible film.
p P g (aclglul) 205 ‘ Wl (_})Lubu LAJ:LJ \ea\.uu:; Sl L.)_)f‘* (..L,

-

Surface tensmn causes a regftig?p to hold tgg/egh_er and small drop of mercury to keep
an‘aimost spherlcal shape ‘ S\l Lo U 3 S oZar b

Lo < Pl di,dt,

e (s ) o DG Lo s\ Bp85 5 \os (D) Caean - gt PSS\ %
45 55 0 SGanse T s (B g2 O B Lo s\Ly 485 5\ (D Lot h0)




 Properties shared by most liquids:
»;S\;J'Ji\’*" J""“"‘ il oy L,,AUJt
. 2- Viscosity:

\f»ViSCOSIty is the internal friction of a fluid caused by molecular attraction, which

oyl el VNS Ll F Gull = A EVGE TR T aba chu
makes it i€51‘it a tende:

el (i
Sy e Sl B ide gl ¢
et o ladi Sla ot 21

WI’ML“_)-PC_W C_,_,L;LJ\
(’_;Lu G{,Lm?*-’

Caups) ELS Ll B e G s Sob LTk

Cald o t ol
Cold oil is more viscous than hot oil.
Lds oo Pl );J’l ' M;_/J . GhlaJt &2




e sy &y s s SR B %

Properties shared by most liquids: e de,m Coatbun & of Ludt o gosas

bl oS ghme st
- G T L & o
, 3- Capillary action: ,
Z])y\ﬁ m (apldi ),
Capillary action is, the beh'wmr of hqu ids th@t causes the _13}'@ level in very.
el HpLadl G g \_,_p
small-diameter tubes to be dlﬁerent than that in la arger- diameter tubes.
TahE oh B 331 . I . Lo BT
u/:“‘rp lﬁ’_/‘b o/ C...‘.u\.-..ﬂi o qnlm e b _/:-'-r Je‘ijc COnCﬂVe Conlf_e‘x _—__}‘;J_A_J-v.a
. meniscus meniscus
1ve fi .
Adhesive force i cohesive force Capillary .| ||
(molecules—tube wall (molecule- moleculd .
oy PRI e action Water Mercury
: interaction) interaction) sloe] ===l .
cr bV < lgo Y
S AINE T SVER SRS WA LN] S 52 Jelar Q;‘WL "*"U-‘“J"q"“‘pu‘u LS T
C e sy D\ ey, WW)AJ'J‘LOW ﬂ)Lich;*‘-’C-’L’ Q"Uﬁwuwld}p «
net Fy, OG5 s S % | : Wﬁ\j” [
j\ £l L adelad s 2 Doyt | ui_;w-.lma;f L
|t decuTen Gl E S .
: i cF L“U‘l‘)’) Water gm i ' l
£ i i s facE i) W& W .
I /..u ) acgye- : 1
T i coneave o gl ia;f
H It surface | '," i i
': ¥ _L i is convex ’,3 F\‘ Slolo
Lot e B o e ’
Watar '’ W)
S o Pt net Fg,

Weight = surf
L, Vel surface

Water:

tensmn =

ol Adhesion > cohesion

equmbrlum height e -
e (2w, /= Raised level o

bl W &jj)"' U gLe

Mercury:

. Adhesion < cohesion
P (W o -
= depressed level

e = AT Fiem
: -»hﬂ-ﬁ..m LS g LD

@) L



Capillary actlon experimental findings

~

SR e
‘_-_U)MVT wu C:l“‘-‘if"-’d' aﬂt

E}J}/@mgmtgﬂy, scientists have found that:
Ta L) 7P =1 z AT !
wﬂ_r:;ﬂﬂd*fud\jﬂﬂwﬂc“”LﬂlU’c?\ﬂ! Ug)jw) CJ'-,{’)»J\(_&C}J r_r-slﬂ ),n‘.m-\\&—» Ay 2 ‘(:f)—’d;‘ld@
]. qumds rise in capillary tubes they tend to wet and are depressed in tubes they tend not
R P

Npuhe—=>~""" T gabal T
70 wet. = % N W ecand o=
2. Elevation or depression ip the tube 1s mnversely propor t_oml to the diameter of the tube.
I BRI D IV S vz VY
3. The elevation or deplessmn decreases as the tempe}atune increases.
\_n_j/_U\ I PERTYY C}g L:'f 0,0 = o, ) B\ =P PRSP

C,ap}llaly action causes the 11;,6 of oil (or kerosene) in the wick of an oil lamp. Towels

et Qo= Caastd fars, ‘L'”_r“ 7 1 = PIVER TN =
also absorb water because of C’zplllaly action. 77 i FE
"Gt D vy ] = ‘WUIJ& Lﬂji‘-“""\” oo NG Jlomh Wi 5T IS

F-’_‘D".J’U'l
s Q/B)d"q‘pfj c__DJ/ LAJ Lj.m w"Lo,d.l_LJl _31 LLGJ At O

MLJ'.Q)J)J: CJ-‘\_,J\“LJ’ alas
JH‘C}M : WU!U{J-HLU

s |




PJertles of Gases

PV LL;PL,D)\-O‘LST}@"E.LMKF
-\{/ JJ\;"\ sley( 15
» Fluid Tl Ehnciplendl de-
c# e
, \A(a substaape that takis its cogtaln‘ers shape)

Gas: Liquid

7 Ptopertres Frre
}\ ° Expans:on Gas molecules move rapldly B O\ o e (e ¥
w \ , Q_n/vw-’tl) /L«CJ\C—JL"‘)P‘C_JI.Q&J_)Z)JA;AJ\(D
\y and randomly to completely fill the volume ey e (ol E e \yhass
a‘ ancom e g o Wbl e = Y
of the container. e U 2z e Y iy g ¢ ,kum @
st | X | L) roldy alr 4
- Diffusion: is the process by which | R DT o Ir_j;b B e
i g R\ o se DAL e o ()b vy E»JL@ S
T&Lecules of a gaj mix wrth the molegtjles of Dty o b Do A e s APhE %

a solid, a liquid,” or another gas.

onjl

PTdr B
EXAMPLE: Gas in a baHoon

L]
Moiegyj!es colhde wrth balloon S wall =% producmg gas pressure, P

“l"juq{y\watwL UM :,s,)_‘)) Q_}lej\,ﬁsw 4
S Mroad ol oMW Polid s Lo JI (_.YJ_)JL:“

.* Blowing n}9re air |n51de the balloon = mcreases number of mo|ecu|es = Pi increases.
* Heating balloon S alr = mcreases temperature T mcreases molecular
b L DA T A D LU

kinetic energy — h|gher P.
J)i cu‘-th JLC"



" Density »
«-'-ULASJ\ Of/ EJ’J;)

f&?”}’ 1S 2 p’% of ’111 three states%)f matter. Mass density, 1, 1s |
dehned as ma ss pe1 unit volume. ng}’l_t densuy, X, 18 dehned as we1ght

D09 <) = \09 e
per unit volume ()r = s o L
ds‘J .DJJ->9 (“M ',-- . = ¥ L)')’
. St 5 V2
<2
3 8
where ), = mass d@gg}w D, = gglght density
m = mass Fuf = g/ejlght
7 = volume [ = volume
'\-ﬂ)c_J_.)\-Pu)AAJ‘-Lﬁ o,lLrU Lb_B CRJL\_CJ_“ #
5 S e ey O
cu\/ﬁ_)\c.)J/ Cllqi!\u o - (.ﬂlj\w)gi.i _BJ.(O )c:(,LLJ_]/ashJ/@
‘q’\"l‘t&-&’ (5”\ >\ @ s ey o B (D ) o0 BUS O



Dep;&ﬂes for Various Substances
=2 \250 J  Qlie >lse

Substance Mass Density (kg/m®)
1e'52 Solids |
o skt Aluminum - ¢k 2,700
o121 Brass | 8,700
Euswh Concrete coow - 2,300
o~ Liquids
e, Oll 870
ot Seawater 1,025
o+l Water | 000
o\ Gases* At 0°C and | atm pressure
sLedt Alr .29
¢ sdeh Helium 0.178

a2 Hydrogen 0.0899

Note

Weight Density (Ib/ft’)

- D/fm/DLLLﬁLeJ.]/?QbP_}l@@

169 S50 Balz

540 i‘t{‘”w“' E el #

: eV 5, - gLt o

140 j&‘wo‘fb.‘i’ . Zl"fw
ij\"/'ldu Loie )Dj
S agn e (y-c ) uF

342 Yisuy, U»u- @L«d\

64.0 s s
624

At 32°F and | atm pressure (1 atm ~ 105 Pa)
0.081
001
0.0056

Generally, den5|ty increases with decreﬁgmg temperature Exceptlon is

| s 5\

ST T
water for whg?ch ice is I?,.SS dense than ||gLJ|d we‘ter = Fish S\g_gum
peacefully beneath floating ice in frozen Antarctica lakes (B Olasa )

(Mg & Ly p\i\

Lokt

\C,J_/A'- T e



EXAMPLE 3.18

Flnd the, yveight density of a block of wood 3.00in.

cul_’;i; _31"—’ wo (_,“.‘3\
W‘Z‘Ight 0.700 Ib. ‘
O /J
Data:
[ = 4.00 in. w = 3.00 in. h = 5.00 in. F, = 0.700 Ib
Basic Equations:
V= lwh and D, = l:'

Working Equations: Same
Substitutions:

V = (4.00 in.)(3.00 in.}(3.00 in.)

= 60.0 in®
0.700 1b
L4 60.0 in3
- BT Ib " (lZin.
i 1 ft

= 20.2 Ib/ft>

j

X 400 in. X 5.00 in. with

/'.




="‘_:L§J\ m\is'“ /‘j _)Il LS}\
Data:
= 0.875cm
m=220¢g
D, =?

Basic Equations:

m
4
;77:'3 and D, = I

Y =

Working Equations: Same
Substitutions:

V=17 (0.875 cm)?
= 2.81 cm®
220g

D =
m ,) ;

= 7.83 g/em’?

7.83 g

100 cnd

)

Il m

3
)

Find the mass density of a ball bearing with mass 22.0 g and radius 0.875 cm.
[y

dﬂ;l; € a2

o \g) oy ST HT P8 %
“ L asned| e

1k
10

3

g

g

= 7830 kg/m?

@



