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Parallelqg/rcL m rule: Flndlng the resultant
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Vectors )
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CH ECK YOUR ANSWER

Referring to the figure, WhICh of the followmg are true

statements? ]

f
%
|

A. 50 N is the resultant of the 30- and the 40-N vectors

B. The 30-N vector can be considered a component of the 50-
N vector.

C. The 40-N vector can be considered a component of the 50-
N vector.

(D. All of the above are correct.




: “Vectors

CH ECK YOUR UNDERSTAN DING

Referring to the figure, which of the followmg are true statements’
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A. 100 km/h is the resultant of tnle 80- and 60-k
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B. The 80-km/h vector can be considered a compdn nt of the 100
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km/h vector. - - . |

C.  The 60-km/h vector can be considered a component of the 100
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km/h vector. | | |
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(D Ail of the above are correct. 80 km/n T 500 k.

/\_J*JL‘-((J’ z‘:‘__ﬁﬂ”—’" : |

I
| i i
! o )
1
i
i

| RCSUHHM

(Scale: fem=20 kmfh)




CHECK YOUR ANSWER

| |
Referring to the figure, which of thie following are true statements?
A. 100 km/h is the resultant of the 80- and 60-km/h vectors.

B.  The 80-km/h vector can be considered a component of the 100- I\m/n
vector.

C.  The 60-km/h vector can be consadered a component of the 100-km/h g
vector. =

D. All of the above are correct.




Vectors
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e Because of the different angles, different rope tensions wrll Ir In eack
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EXAMPLES:
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EXAMPLE:

blas < e g s
29. A horsg gallops (¢ 22) a distancd of 10 kilometers)in 30 minutes) Trs av erage speed is:
| g G ! -
A 15 km/h C 130 km/h T3 e

B {20 km/hv’ D |40 km/h
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Velocity bl doud e SR
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Velocity = vector quantlty requmn mwa\g:jp_ﬁg_d_e & direction. It w2 |
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- EXAMPLE:

N YT A
A dragster starts from rest (velocity = O ft/s) and attains a speed of %@m
Q: i i J
1 0.0 s. Find its ar:celeratlon ! = -
\)' ab o] '””LQ‘ Lo o e \
Data: O | t\
< U] B | B :
Av = 1501ts — Oft/s = |50 ft/s N
t = 100 o= //l
0= | ' ’
2~
Basic Equation: qz %
a,w;\,.um 2 sleli (7 :
S Ho
Working Equatmn V
Av ol
T \g@/“ 1
= %
Substitution: e N :
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_ 150 fus \B NJ
100s |
ft/s Iq
= 150 woor 15.0 feet per second per second
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Acceleration
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Acceleration Acceleration Acceleration
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I=0s t=1s (=25  i=3s
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EXAMPLE:

A car accelerates from 45 km/h to 80 km/h in 3. 00 s. Fin |t5 acceleration (in m/S

_® 35 é 5 T Lpps, [ oo

'(_,) LL_ 5 LLU_U LJ-O

Data:
s \p el _
Av = 80 km/h — 45 km/h = 35 km/h

t = 3.00s

a =1 %%

Basic Equation: ¥ 5
Cb)u)\_,uJ_U\ sk _

Av = ar ’ ’
Working Equation: !
(&V:ﬁdl T .
A\/
@ = 164
Substitution:
Srip iy

O3Skl 1000m K
g = X pid
3.00 s | ke ‘ﬁaoo g
= 3.2 m/s* : , i

Note the use of the conversion factors to change the units km/h/s 1o m/s?
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EXAMPLE: é LT
A plane accelerates at 8.5 m/s? for 45 s, Find its increase in speed (in m/s).

AT 5. laa e ooy & o ie
Data:
o\l
a = 85 m/s?
t = 45 s |
Ay =]
Basic Equation:
:%i:uJLLU,L“ Zdsldy
Av = at
Working Equation: Same Al
T@g *‘3/’;;:
Substitution:
Av = (85 m/is*)(4.5 s) T o g O
X § ==

= 38 m/s ;




Deceleration
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el i | Deceleration Deceleration
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Glor — 7
the distance covered and thé velocity change duting each unit of time interv: 1]
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Ao b
v ‘.
A driver steps off the gas pedal ani coasts at a rate of — 3, {]E} m/s* for 5.00 s H n«_i
the driver’s now speed P was originly travehing at 2 veloci F20.0 s (The
e drivers new speed If she was originally ra*em.a a velocity o Dimds. (The
/\}uudl moAJ,\:JI P_E-u Tl _—\f%a;}}f | / ' MH | =
negative amelemﬂan indicates th,aft the ao:eleraum |5 in the m@alta d|rec[ N of
w _ al:
the we]mcrtv hat is, the 06” ect is Simwmﬂ down) L 2 I e v
““—‘\__/r““
Aot Data: (‘*ﬁgl [VRDF; gﬁt‘“’d] :
& Lol
a = —3.00 m/s’
t = 5005
v; = 200 m/s
 Basic E'quation: \
q;‘ww Lew 1y EVRIN i
Av = at
Ve Y= at
Working Equation:
dedUT T R
e == ¥ @
Substitution:

C#;-g—-’_j::;““] |

v = 200 m/s + (=3.00 m/s%(5.00 s)
=50m/s
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Acceleration as a vector: geometrical representation
celeratior
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+ SR ) 5 o lued
1is posmx c. W L/;liﬂ the speed is (:Qg_a U A B cees O [)
stant, the acceleration is ZEe10. \\1161 O
the speed decmqse , the acceleration < | ddis &%
0gs il . (@ wrt
is negadve. g%
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Uniformly accelerated motion an free fall G e
dLBIL & r

¢ EPA =YY = At b gt OLESE Fe bk
CMQQQIE% by the constant accelelg;ion = its direction & & luw dnl
o - Lols ot 39 o I
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fﬂ;, /quatlons Tor ‘Motion Jal stralght line with constant acoeleratggn e
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1. zﬂ"{g ¢ 3 Zf i " oal | 5 2 <Zf/ | zj”)f Cs J/”"ﬁ M,L[
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. . ) c:J Ao P 3
2. g=——+ 4. s =yt + —af 2 9 elad el
Q& / | 2 6. 2us 2{/“ v,
~ - = o ) =V PP Y
where s = displacement ' v, = Lfverape xelmﬁ} N sl
Er:: _ di'é : i o i (. |C1_,“»ru_x‘ 5 LJ[ f" [
. vy = final velocity =274 a = cans{fmt acceleration « e
v; = initial velocity St = time L
mp\/}:z/Dlsg[Lemenﬁs a vector pointing from the lnlt[al to the g)nal position and with magnitude ZL
equals the shortest dis ance“ﬁeﬁween the |nma| “and final position & S Tuae .
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EXAMPLE: Bl
8 }J/ NN
The average e velocity of a rolling ﬂ“aght car is 200 m/s. Md@@_n rkllxr@ !
<t .;3 3 ] JJ/ Lot v | b L)

the_car to roll 15.0 m] AIEh i o5 Fooke7

oy Luu,)l _/"f‘) ;
Data: |
oWl ] 2

s=150m

Vavg = 2.00 m/s

Basic Equation:
< = e e A
L Ly gy ado\ely
§ = Vaypl
Working Equation:
JeIT T
S
t =5 ladgas
Vavg
Substitution:
Cres pual
i = 15.0 m ‘:
200 mss m omi S

= FEEe | mys S - m




EXAMPLE: A tr:ain slowing to to a stop has ap average acceleration of —3.00 m/s®. [MNate that «

B Ly = e < dewsts G B oro
i ﬁmus (==} acceler:a’tfan is r;f:;rr';r‘m::nl},ar ca[gj demf&rf_}tmﬂ maamng that the Um“\.h
Slw ]trf its inftial ualc}{lty is 300T s, Kow far dogs it travel in <.00 67
= FRER Py
e AT SadF -
D‘ata:

Olbadl

o = =300 m/s?
= 300 més ! :

b= 4005

~ Basic Eguation;
CWolwi” ety —
s = vt + — at? )
L 7@

!
i

erlﬂngE uation: Same
EJE_IIL qéJE/n
Substitution:
oo _sed |
| _
§ = (30.0 mfs)(4.0Cs) + 3 (—3.00 rmv's?)(4.00 s)*

) :
= |20m —~ 240m | !

[ﬂ 90 m
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Free Fall ““iwiecas
> D gaiid) Time
When ac_c_feig@_’g@ a=g=9.8m/s3 .
Ml LL-»‘.L,J'\ 1?_:)5 e
b aw N TP for T
J;.gﬁs 5l (32t iy Bl 2 0% oo
o AcceIeLrj:dtlon is g when air
. . g
resistance is neg//g/b/e =
. TR = t=2.00s
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A hfﬂl t%gws with constant qccelemtl(m
="p = 9.82"m/s? Wwith the’ speec (,d
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at the glziglt‘idtlg{gs Bcfausea the ball
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Fare Sl’lO\Vﬂ simplified.
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5= 1(9.80 m/e?)(1.00 5)2

s=490m @ \l 0,‘7 - V= B B0 e S

it
Cistance Traveled

Spawd

&= %afs

Om

s= 1(9.80 mis?)(2 0U g)®

s=18.Bm

s= 3(8.80 nvs?)(3.00 8)%

=44 1m
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S

= (8 30 nvs u 2
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successive time intérval. /L »F L= Y Y,
: = iy s /
qd | z(/ e k3 j= \/{L (/”i/} '“6»0" g V E e —
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‘;..).; ) Non Free Fa“ R e f;;l o

/r”'f*f'_ejb wl | (zug’l @’lw QL e M ue
(ENVA A0 Sty G ot 2T

.F;U\ : ﬂ;_;uj\

Wh n acceleration of fall is less than g, non-free fall @' 25«

N A S vl
* OC cu rs when air resistance is non- negllglble [pasisbons Jarce J 1
SO T e sowm = TEe g b (U g
* depends on two things: NG i i sl gl L
Aales (rle Cisie o= : bgaley }3&}[ e Lun (.u
o speed and Ghehe (gl b e e S8
o }MI ARl e a)\uayi CEEAEVERN SN e 2 el¥’ d\‘&)i f,&
" fronalsurface grea. 0 Slue Ulkawid g o T
SEz0s A= ch,::»\ A ] P P T e JK‘
Termigﬁl %ﬁ (gﬂ,)wL uﬁ,f(ﬂg, a5 pslp a0 / ?,,;Lﬁ,{ el
® Occurs When acceleration terrﬁgmates (when air ' spees)
R \—ALT’ A4S skl ;
resistance equals welght and net force is zero) o x
@i {)’ el (M:D;lu/g ola), desio -
: : @»}\ (Jio.c_w [ Zéapmu}:f) Ve “UT}J
| el -
Terminal velocity - o
| SR qpily Al G
® same as terminal speed, with direction implied or | -
o{;f 4 I T e e £ Lo
specified. | ’ 3o
o F o} - fey - K =Y S saATIE Y



EXAMPLE:
A rock is thrgwn mlght down froma cln‘f with an initial velc;)czlty of 10.0 ft/s. Its

e L)

ﬂﬂal/(\jelac:ft.. wtbgri it strlkes the Water 136|(f)w is. 310 ft/s, The acceleration due to

. / , S, T L e
gfawty s 32.2 ft/s®, How | Iong is the rock in f light? -

PR s e, w

air" /ﬂ_ua\il ol ‘f /ﬂjl -1«""2""["‘5

: Data:
= [00ffs

a = 327 fird
vp = 318 Ak
{o=1

Mote the importance of ||5tmg all the data as an aid to finding the basic equation,

Basic Equation:

- ‘_\'?_ e ‘r: - . - i ”
we=v Fal or a= S (tveo forms of the same equation)

Woerking Equation:

N T L

ad

Substitution: { gg /\Ti
_ 31Bfus  100fs N

322 fU'EE % e,

300 f's -

32.2 fus? | RS R R R

o

= 932s ft/s? s 5




ALJ\ SO Bl T r‘” Ju/ uwlw *f::u,ewﬂwu cJv "‘*&f“‘f’l’ Urlir“‘”‘f—w,@ s

\Nh Vhen a iject IS thrown vertrcally upward its speed IS uni fo M decreased Ify tlu
for ge of gravity until it stdps foran mstant at its peak before fall g back to?rwe {jmun{l
e T 2 S T R CRE G Q@-M T v Gr I
. Final velocity at top of the path, V', =0
EXAMPLE ‘ @,LJ; ﬂh\{ q;d\ip i p_f_«f‘q. f

SR S

A ball is thrown vertically upward with P =g ¢ f%) ah
AU i =

lnlfral Qeed 1 m/s, determme the tlme

5 Lor g - 7 ‘
for it to reach the highest” altltude o e = o
,d “d met el /_\—Ci;}T EE"J ,,/':// *-,,‘h s (@)
sy YR | .
Ve=Vi+at , T M- i r
! i , _For upward/motion/take r i (o) E‘?
%\ " g=-9.8m/s? (H@M-’JJ i ;"“2 é%
- O - /S < \& \’{ and for downwazrd mg_ﬂ?_fj__;} ~1f | A = f
. \& take g = 9.8 m/s (pos;t/ve) | - 3
v, =1m/s ) ’* T = %
[ —————— i = b
_ _ i '
a=—-g=-9.8m/s’ SHEEITS v :':ééﬁ‘l«w\ -
=7 ’/)\/% o) 3, ‘o_}‘“d‘ ’L';] ‘/IH Sﬁ
/@\‘ ( sl c;;\.g 32 (er ¥ e ; ¢ £

9&7({)@4)_)())‘ UJL/

=l vy—v;]/a
[0 m/S] /(- 9. 8m/52) " T f it W 4545'&)#
0.1s
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Force and Law of Inertla

w;UanJ eﬂJLp«f‘t gy ”f—hfﬁl
‘37“)“ L_?’LB () ye /)»&AJ\ (ﬁ”\‘f’ TR ,U & Lo “{}J uL"CJ’"LJ A
The force: | \ (o) el !
| E’;U\ ,}E C 1L)J[Q]\ {“ a)u.ff o l‘i"ﬂ“’pﬁ i l‘
* Is a vector (has magnitude and direction).. /%, F
| =y = = T
* I any push or pull.
e Tends to change the state of motlon of an
dolv - foes _ﬁu Tae =
opject
2RIEE
the
] Tends to prol(/:lgjcie ac_(;ele[/___aut_!_gn |r1 h
dlrectlon of its application.
ol l W
o But formstance opp05|te and equaiforces
‘qJL*M g;gﬂ;#W:w-wm— o5
Cancel each other resultmg in zero L B
Oy G =N e FIGURE 2.13
ac@leﬁ'{%@—n , Thcpushin%; fm‘lcc n!nd ihic hiL'li\lu.:.ii
torce cancel each other out, resu Uy 1
e S| unit of force Is Newton (N) fn zer0 acceleration. |

o Cmversuon factor S| <> British s system: 4.45 N NIGRROVEY

1|bj‘? ' et sl rLeJJt

‘-_3 ] L.L)gi'u-' (O L\_Lj| ap 9 __)Jgu . ‘J
i)
;é

i @)
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R 44 < 2t m)m-—l-l ‘“U“{lﬂ"“ﬂ)\c’ﬂf ol | F
mewii_l_a . - 'L’“‘?JJ@ =Y S Qﬁ’?j\‘QJﬁjf c:,!l,m - uj[/(»;JJ; q_jl vl s Big s g uj’lﬂ s

LSILLH/ 5@ ot ba__/""ﬂ_f“‘j"’ f[ucr—“djl:jl‘nu)@‘-«-/JLﬂAU C}"" [‘«‘ e i s f&{_|¢,_._pwj

* |s related to the Newton first law of motioh which is also

2l P dy 298

R P T a0 hadln U

called the /GW of III”‘EJ(QO a body at state of rest (speed = 0) or " motion with

T ordan sy s sy =)=
constant Veloat (constant speed in rsr;LtﬂF:':llght lme) tendj to remain at_‘ghls state

4_u\'“ J«u PRive m L Al 5 La_di Uy i 3
unless acted upon by an unbalanced fc e. = Ilnertia is a property of
e/ Sp Up d ‘:U,r"‘-'fg d Orc s dl/Jél!’la TFB#&:EM v

matter tmt changes In motlon -

p)LcU _ S slad QJJ—*“LH (8

[c;u,LJ/:] ﬂmg\f_ﬁo)\,@l/}mﬁ{“‘cﬁ »le/jq‘iajl L_('—ﬁ-J :J,_ﬂ_p}/[,u)‘;.

* depends on the amount of matter in an object (its [s mass). "3
A A e = L eotel

el T P
L r“—‘*L:DI CuL{J (.'\Qri t/: . I
B el iy by chpte o

1

R 52
Y gﬂu’- ﬂi—lﬂt!f d—=£ ]
7 ;

8 g ), o

The coin tends to remain at t rest.

L}-ljl "{Le} (5’1 (—j“"-OJ g [_d..AJ1 i_; (‘\%
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wolo e V‘\’P‘“:jl\ Cé Lo /\,,JLAau_;f’? 3T = (» Aoy f)&kg e l*&“ﬁ RTINS
L J p=: T
\Vass: SR AT TIPS PRV EL R AL
%—,— ) 5 (B baes aldd, ’“'“ B
- \ vl ) ) *’ﬁ P
. ® - . %, [ (g e 7 ;:.. e {_gjle Lg ]‘:

IS @ measure of the inertia: e o e iy s i

. L L GV sdsll WAl 0 W o 30 ohe

e The greater the rfgsk of a body the greater is its rw e to
= . =5 2 . Gl
motion™" I S

=T,V
SN 4 i g our by, Yo 5P
| \ - amu LQP;’ e
\!,\ ‘;-_:- - & . S ( ’L
< % <ol
&)"' ke o o
. o
| L
2
s doppdl b= ™

B Sl st

| = 12 l
A larger body (in mass) has a grearer resistance to « change In its motion than dpes 1 g
e X i
T
| L

a smaller one.
: ')Ji
[P

3«5’3

o “If;

o . RERE

cgo oy OO W

» Slunitis: Kilogram (kg): (N e
U« ol B C Ve s | i 4
g e ] I<g 0.0685 slug - o



NN TaTe British system: 1 Ib 1 slug f%s2

¥

/luLAJfL)JJ’LLJ_ QL,.J\C) q“ e Logﬁg,,_, e

Force and the Law of acceleration

ﬁJf thﬁ’ LL«MJI

s | e K

Al 7o S ,‘3"; L ‘:'u“*%

ol e ke

Newton second law (the law of acceleration): ... . i s

o o L & (e uij £l

F = the total force. o /M??R

_TT D_)QJ'I
M = mMass. ol el Akl e !

=) _ v In\/f"*“sll)’ P;,,afjun

a—ar;(wﬂ

wﬁv 5;9
fommir z"_))
ELU_,JI' /1 ‘ﬂ?) =

m— unlt of force = Newton (N)

y A S T a2 52t i

" ,.-—HV/”‘-\',_.\/—-,_V?_\_’&/___F__‘ |
(JJ {

— From Newton 2" Iaw Ql N = 1 kg m/s2 >

= 3_~ LSL«JI u_jJLg .
- X

)J Lst):ju‘l ¢ Vo
Yeo o o *ln other metric system 1 dyne =1gcm/s2.
\5’ _j—pl C—(fﬂ ‘ )
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EXAMPLE: | 't

o, :
. What force is necessary to produce an acceleration of 6 OO m/s ori a rass of
500 00 kg? RN 2 1) - Eyvaive
Data: |
m =500k o
g 7f ¢ { Ny ! _5}-’ 4 i 42
a = 600 m/s
) ¢ Ko
= : - }1';} 2 } i
Basic Equation: A g bl ow e J
F = ma oo

Worlding Equation: Same
Substitution:
F = (5.00 kg)(6.00 my/s2)

= 30.0 kg m/s?
300N (I N = | kg m/s?)

Il
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EXAMPLE:

Lo W J i £ o Lo,
3.00 slugs? Sl = e

& s
i : i 73 7 Nm ik
¥y s x
Data: S Cheas™ Lt
i ERE ! ' s L

m = 3.00 slugs | dit |
a = 2.00 ft/s?
F=1

npalte

Basic Equation:

F = ma L

l

Working Equation: Same
S‘ubstitutéan: 9
F = (3.00 slugs)(2.00 ft/s?)

= 6.00 slug ft/s?
=600Ib  (I'lb = 1 slug fts?)

e

What force is necessary to produce an acceleration of 2.00 ft/s? on a mass of
P— ——— i/ —— R —_— e

<SG
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254 % 92JI jp Oy e o

Grawtv and weight "=t i s &

»iJ Lb_ s ¥
't,u)b\ u//wi c:)z"“//‘J‘Q

° . '\CU\-{LDJ‘—
Weight: o P e
C);-_)::_\ W b §[ ey <’
\x\, ﬁ:tu’)b)f : =
The force on an object due to gravity ¥z7 el

° Sc1ent|ﬂc unlt of forf‘é is the ng_w_tgp (N)

44.3{11’ l U“ ;7—;0 VB R o

* Free fall = acceleratlon due to grawty
/s_;aJi beMdl & Tie
=g=9.8m/s2 (g =999 ft/s?, Brltlsh
& Lbjdz
system).

[JL(LJI v
* Newton second law: F'= m a, for free i
e R0 J =N i
fall a=g l'=F, = | | i
= 719 e % T
TR ..{].i__ e L - ! ;—"EJ \ \ 8 *
o (a) Themmrce i 4
where 1, = weight oo Ofthe hand equal$’™ (b) The downwar| g
T m = Bf/ljfisq B the downward <%  force of he
v force of the 1 the weight.  weight is now greatar 4
g = qccelemﬂon due to gravity S e ST I
B 2 o PN b T O ;

g = 9.80 m s™ (eagth, lllttll\(:l
o= 322 ft/ 5 (mrth Ub) <Ly .
ot Ut .

@ \53«1 O lJJJ;J\ . E



EXAMPLE: | -l - e
Find the weight of 5.00 kg

S Eilbi

Data:
m = 500 kg
g = 9.80 m/s?

F, =1

Basic Equation:

F,, = mg

Working Equation: Same

Substitution:

F, = (5.00 kg)(9.80 m/s?) | i

i
. ¢ Ll
: -

= 49.0 kg m/s? *‘
= 490N (I N = | kgm/s)



WEIGHT VERSUS NORMAL FORCE

m/j“ v o84y Tk
W/ hen an object is in contact With a surface, a force is exerted on that Oh]u Ly the
Ot 3 el S e avs
sutface. This tm ce, called a normal force, /s pffpfm/mf/m 16 the contact turfice
S.Q,uu‘ P )n_‘l (rtttiT QJQJ&U\ DFJ‘J " G ades Ej*'_JLu'f ‘A\gﬁ:ﬂ
o e
Fu J;Jeﬁ-fu@b fjt uld \m/oyt"’ (‘qjl S Lo St

4 J
,ju c:aulr, 3/’),_1 Z,Le‘“’[\(f)b e Moy CU/, Cﬂi \
i
;_l [—-1_‘__/
(f?oh’f?@’ fa}*tﬁ )‘;‘*‘w"»)\ o ysl| S -

(“Laﬂ I,fL{J"" 712 'LL.’ nL#)lM Q)j )

/ < ol de sk
{ | | et dnrl) :ffjf““\‘*_f‘““,/jijo B
] | ﬂ}?,udl (sle Sheliall b 5o ;

Magnltude of F = magnltude of F

14

'?\[\'5 \‘N/b‘ le .‘;* p f EJJ (éj{

L

EXAMPLE: =& 5, )

AllN e ] QL:'{ 7
82N | - | DQUN«
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Fl ‘_.;J \] E L l J s /' i [/ v
FT N FE gty ML g B 555 ol &l e = Lie

MASS VERSUS WEIGHT

T a0 T @

EXAMPLE: Astronaut mass = m = 75.0 kg

sLes Jey / {—’\“&9 CLlL.rM

Near the earth’s surfcgfe

C,-P/.,LM

* The aQLQJQ[CatIROH due to gravl:[y £=980 m/s? |
* The welght =

“_—__-\._/_‘-}
') jJ\

F,=mg=(75.0 kg) (9.80.m/s?) =735 N.

I p

Near the moon’ s surface -
. 2
The acceieratlon due ue to gravity = g=1.63 m/s

LJ,H.@L"Q q.u bj ‘-‘

* The weig ht - Fio | v
u/)“ \b

17, =mg=(75.0 kg) Ll 63 m/s?) = 122 N .

\k\?

SO mass remams the s

avs &l % aa Ay
to the gravntatlonal pull = m mas |sanWI quantity.

P lJ)i w ’"kLLJC /_L-\_.A.u l__,ull CL{.Z:“

by ut the weight varles accordm )
S




Al r

Mass

o The amount of inertia or materlal inan

Y Romalalil 2w
(_slujl et ST o/l«fil &

* Units: kg

L Lk S s s

r{\_ﬁ!

* Measures the space occupled by an obj

Coelet ARl ! d i

o Unlts [Length]3 =m3, crn L|ter (L), ft?ﬁ '

r‘w s‘
|

UNLLHJ‘Q d_;a” AW 3

e Ar bote, Lead

N

Same valumes but:dlfferent mas,_

as =] |

MASS VEdes VOLUME  woiiin

TU___ __
)

5

Oy f.supu \ MU =i

e

|

=5

|
|
e Ct ' . 2 ca ¥
|
i
I

E Eﬂﬂﬁg{_

wudh.:p)\»{)l Lo
[]_H] Q}, ln b s K

2 =

ohject.
Ty ) 3¢
I - P AQDJ_LQ rﬂ f
‘1{%)%{]& i) ::5 tl ( H'E'J\ ¢71

‘_ [l = B [_,e_ﬂ n’ ,,p)/j“f‘é'
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H f 5 ‘
ﬂ_]; | 2 o\ay L}J\ b ;:*J\ S IS 3

- ) L. ' ' y
' ('5‘}";;"3 ﬁ F rl C ‘ l O n j CJ TP 5{ Ll CJ iAL;fU (,’] L.,ou B
- J ; ; cesle a5\E u#»t’l Aga) K

k U\—ﬁ»—bruf L}_}J sl rﬁj‘;’ - §

0 15 ) fqrce that resists the relative motion of two objects i N i

CO nta Ct U‘Jl (’)Lm r—Lu_uL..JI alp=dJ | p “L:::?U% 3 N :\\?’“r’;:;‘[
UL-/M*J . ;;-;5.{!

* depends on the kinds of material and_how much they are
o)uq PREvP rL’T i

| preég_d together. < |
o zs s due to O tiny surface bumps and to Sjlcz_kmgss of the atoms

on a materlal s SUrface. &% e s
o o A i LB NG G

, ! ¥ i<
bl | pradyiotiss - F
bl | S5 dpy i) -

. B
LB oG iy hge

o b ad
(__,I_).L‘LW ,,}

.)‘r'"i_j-‘;w‘t 1y gyuele o83

O B

VTR O

AT
than that on a rough floor.
e e)’: e (:’ i*—/'-“

T Gadey
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i
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Example Fr|ct|on betwean 3 crate on a_.smooth woodgn ﬂzQ:or IS 't“n;

<= l

R e



tdotion i

Friction opposing motion’
(a)

motton of nb]ccts n C(mm{:t with mgh other.
TP e qw{j,t/u;l T sl L

Friction resists

M= Tpw abe P

Friction
force

(@)

O\

Friction IM
101

2
s as the
Eali™

between the suzfaccq ]

CUJ-*-'

2=

Friction
force

1‘{
J,ur
ncreases.

JDJ-—'

< u;fi‘/h,l: |

Oeedd ) Lles

uJ/,Jl dJH’KL‘J \g’;”jt"‘/

BL
i C}g‘()‘a

’ - } g -
P 5"1‘}1(3,3 L/-’ a,]L%_@JJI 2R

i
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f:/ff Q)\LZ «r/'luf o bl

FriCtiOn v - QB\CM{MD; (__13//1.{)/['—{! L

. uué&\ ’LL,A),LJ\ = 'ln:r

"The characteristics of friction can be described by the following equation:

oSl AEFNTEINES uWﬁ = S
u)\zwy‘l 05 7 \}
(L(L — '_';AJ\
where Fp= fuLtmfml fmbe M«Whﬁﬁ"‘” Pl
- ey .y
- F\r = norpal force (force pf\[/ﬁndlcul ar to the contact surface)
SlemI a5 E §rAT) 0% LAl At U I L{LL‘J
n — coefficient of tnctmn |
eMTa Jelee”
Higher u# = two rough surfaces; smaller u => two smooth s_ﬁgces (not too smooth)
N T N
{_ﬁ \’&'5" U-“ LH;;LW{ 9/"3*’0 (J_;.—Lu((?f G jpatauact L;.u:‘d

J' (JA—U-L)LO [
By a2l G eI e s emeli) peud Splye P3SN Gl B s O\
s AL . c 2 nitd

* Friclion is a jmwe that always acls; pam!m’ io the suvjace in_contact o
E@;ﬁ S \2 -

T T B AT e
©pposite to the direction nf};mz‘mu. P =i ] yzg |
e N N A BN L_’rﬂt& ey Jee Ve b2 ol A b J\9S 1

* Friction increases as the fﬂJTE
Nt S L

bﬁi‘w&*éﬂ the surfaces increases.
baly i CJ&:JI e mha s )

4 &
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sy (5 P )Gl

Friction Bk
| T ’ C:ﬂ’ L’;“er:‘ Uﬁ@[ )

l (ﬂ \—{:D_U!
i | /[’_/E{l, = /[{ Y
Static frlctzon kmetic friction: A N 1 T s
s TS U=y LA | ‘ _F,.ﬂ
The two surfaéges are at The" two su rfaces are in MG sy cre
Cpsawl! Cpsteadd) 22, R }
rest relative to each other relative motion = s ol A
SR Gy - e LA Foe > Fo p&,
= H - A Ly | o .
| - AL \, zg
Caefficients of Friction (u)
Eo 5"""‘L‘ i _ﬂh\im_ﬂi e
Material Statie Frtcncm Kmetle Fricticn
B GELd  JGZ=m il gl ST,
Hardwood on hardwood - 0.40 - 0.25
ot-wb (Mum o= mTB r_‘,uuk :
Steei on concrete 0.30
Cdd_,u.ll
Algmlnum on aluminum 19 [
I Sl O sid | :
Rubber on dry concrete 2.0 1.0
zu’_xo Cs*‘-— ’(;\T.i de,u)J
Rubber on wet concrete 1.5 0.97
© ok ;ch D < £
| \\
—> Static friction> Kinetic frlctnon Ly et
Gk ULng,_U_/ Tt Sl }5 L
' S ..f‘;f,',ql TR DL e ot ¥ | ¥
g} w, L o L { g‘"a;“, ! ‘f-‘
5 i“?, . i—;}b (J i]ﬂﬁ‘g‘ %1‘ ﬂ: 1 L 3 - ;
TR , F p }K\) O e ,\ ;%:{ \ T § % Z
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B > 2y g (1)

Q-B LEL,:b 1/ . Lwt_i,o El’l/u) | ¢ ASTe— Lﬂ

7 - = - Py i F o 5 & ‘Lj [E)
; ft,b/uiu] £t et o Al U e R j)..L_J rtabu,u'j R

. ‘ o ‘ . (v Jq.(J g_.,xiJ /- —j

s W C,)}';’ym f,u_si (A,CSA’.ML;JI (,)_51) JJ,A_L‘ —15‘)"1{1 I C) _j"u”{ 1,2 :J @.)\4;_,;),1[ _J LL\J c)9 | ‘)u’i ;
v "‘J 4 -’ - — {_ 1

e\ i - d»‘yﬂ‘ f’”‘\ﬁdﬁm JHadew ] (9

In general, o reduce kinetic friction; edioady ol B e LG o
m P < R S T ST S ‘
1 Lm: smoother surfaces. |
A ¥ \ chti‘;f“ A j‘_uu_]_b ger -
L LHE‘] bt sem 110 provid dtﬂhnhh‘l begween surfaces.
JJ cuu-/ q;’g/-w ELT\ N
3. Laﬁ(ﬂﬁuﬁm oteatly 1cdue;f: Frction between surfaces w hen an oil fubrican
Tl T as AR TGl Wy e by Leis oo "T:%
is not desirable, such as in @Emrmﬁnarﬂ
L T e B RS Slali ol Al
4, Substitute 1o lling friction f Lbﬁﬁdﬂw HICHOD. Coo s ¢ oy
_‘“‘*\J == \ =
JMU‘ s .»‘9/'\ Q)\i@\ (.) L:aJJ @JL{DU[
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EXAMPLE ;
E L/\ dJ:D I r’ 11 |
A forca of l70 N is needed to }@j]m 530 IQ Wooden box s[@@gfgg a wooden

ﬂoor What is the coefﬂcieht of kinetic fnct]on7 PEER e UL"“ﬁJ J o ke
oo T Pl Joles Gr;;d; SEE L

L -
Sketch; T
Frn=530N
o 7
L S e i+ R S SR S : \{ ,\.j
Fr= 170N FW =530 N . h
v . / l.‘x E'l%/ |
. : 4 NOX S R
Data; \Q R ,@,L(,-"{f
~. ™~ /j t
= 70N \z </ N
' R a W
F = 530N : {n b

Basic Equation:

Fe= uby
Working Equation:
r I
w=-t
Fr
Substitution:
_ 170N
* = 530
= 032

Note that pt does not have a unit because the force units al\u@js cancel,
th._lJ q_)cJ,u_.LJ D“”[“‘w_’ - I.JJ_J LS}Q—’\Q'I—«LD) (‘_.l*

Q.ﬂ.J_, -



4_;),&_5\ p Ll CJ.J G_L*W ;é‘.) (A_»LL% LA_L f?j.a ”J_ll Cl,la‘\,cz_“ ;ﬁ.‘ﬁ\ b
L,;-JL!DLJ &Dk—giﬂj‘é’—cggﬂfﬂ‘)ldjja‘-&ﬂ_}%

Total Forces in One DlmenSIon

GULD | 252 3 Ao,

The toﬂ%a_l or net, force acting on an object is the resultant

Sleste pgal\ (e \}J.l s t> Aap sl
of all the forces. = o
oo d"/ uyd! g
Example It It you puII on a box W|th 10 N and a frlfand pulls *
OppOuSJIfEELYfWIth 5N, |, the net forc force is 5 N m the direction- you
Lad Leo £ LJ\chA — Lﬁ:{, [
are pulling. ; o oF w2
— ke L . Lo lE L O =

Applied forc:es

% S

AON

BN

-1
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Two workers puah in the e same direction (to the: right) on a lzra‘ie The force

e o Y a(:’JJJ E (frdr I Ay

exerted by one wai rker is |50 Ib. The force exerted by the O‘iher is I“}ﬂ; Fircl
“Eesiel % Ui pLit e

{,)211 e 85 5 _JJPLUI wo 5 |
the net force exerted |
b \ ‘o
Ebers “}d Sl{etchj-’

Farce diagram

1751b

150 Ib

e Botl Both for oRcE; act m the same direction, so the Jfa}[g force is the sum of the two.
SV UJAJ Sk ALY ’iJl )
Note: The Grr:elc‘ Iej[ter (S|gma) _means "sum of” =

2l e E—‘“f*"” (JJ.>J\ ‘ ffuas Egfe
LF = 175b + 150 b

= 35 btotheright |
o

A *JU

51




EXAMPLE: o
The same tw%zd@rs Dush the ci“%e to the 1€ I i, and the motion is opposed l_aj

J—"'U‘ | .:.g—_mlfc-a
a static frlctlonal force of 300 Ib. Find the net f fot*ce
Quﬁm AN 2,7 arsl s gk Qe o
Sketch: i
e //175 ﬂy Force diagram
1751b
- N .
300 b 41180 1b
//
|
300 Ib 1 il
(triction)
The waorkers push in one direction and static friction DLISHE‘H in the appaosite dirsc e i, so
Oellt B & el oLg\ w stwll SEZDY e s iy a L5 PN
we add the forces exerted by the workers and st ibu act the frictional Tarce
SV aaeal LJ}J'J\ ij’;[‘ _ U“l“'\-‘d\ gm’ l«{m_;/‘ c-;,.-

SF=175b + 180b — 300 b

= 25 b to the right 52




EXAMPLE:

The crate has a mass of 5, OO slugs What at s its acc&leratmn when

F

PNYIVOSTIER P o LRe Uiy
the workers are pushmg agfnst the fmctlonal force?
Gleledi ol g™ S VI E YT 3=

. F=3F=175Ib + 1501b — 300 b = 251b to the right
m = 5.00 slugs
a =1
Basic Equation:
F= ma
Working Equation: o/
| /K ,
F /T DN
a= — e Y
| m A
Substitution: iy T
_ {friction)
g = —QS—HL_ lJ Forjce diagram
5.00 slugs o
K | slug ft/ s* -
= 50— X Rk L L e (1781
slugs 1B . s TR ——.
300 | | |75 1801
= 5.0ft/s? gt g, \

Note: We use 3 cown factor to obtain acceleration units. I
cl'é_,o_;[:a L‘“"_{ﬂ—i—‘-l | C_J j_.:u d‘“l’to 2 LS;_JJ LL—LLL,(J | il woF
(] l__,}_, 53




Tﬂ@,_\f,vorkers push in the same direction on & large palfet The force exerled

R ey _"ET _____
by one wgdc;zer s 645 N. The ]COI"LE exerteg Lythe other WS?;!?EI“ s 755 M. The
mD‘tID;’\ Is opposed by a fr !ctlonal force of | l 75 N. Find the et force.

LA wme T T

&) JJ' et T s as agal . o Aleste

SF = 645N + 755N — [I75N
= 225N

i




Action and reaction forces | P Jor ol

@

e L2 ‘ il e g5, i : SERE £ x o e
alﬁj){Léa}Omjtm)/hﬁ'&{ L::Sﬁaj ,.5'L“U°C)J:jp/ CJ"L, LS'*'\—b (3)\.1)'\.‘__‘),_};‘:’ QJJL,_;,{_

Nevvton S Thlrd w of l\/lotlon

LlL—LH _j— d'ub_;«JI
! ci)"ﬁ c_;o"!r}é‘eﬂaécg/t??? l)f
( f_?e{}”/ b Nl ) (_,‘“J'/T

|
|

Lel aidy 20 n»(A; 2

S

CJ“J’ dx‘“ D
one force is called the dCtIOﬂ force; the other force is
(S (_,»“-J‘“" = cal] Qj \_)—*‘J—” o_),nj\ L
called the reaction force., | | et Tan 5 ST s 3¢
Q‘d”’uu ('J"“‘“ A 7’ (()U'D‘/rﬂy\}(‘ 3‘ (:, ‘D jii'{.‘: A
are co- C0-pairs of a smgle interaction. A il i L e} s
‘ZJ)/ e =™ ' I{Dl” l uhu,l Py
nelther force ex15ts Wlthout the other. s m P
panly Lo U_)—‘JW PRPY-E S (5 L0 C’Jze); o 57 \._"*"’ S
are equal in strength and opposite |n direction. e 2 i
aj\,uJ/O 1_5 i) Leo % aL> EWII [y L)l.m s N &
always act on different obj bjects. Tkl
\f\D _/‘J_BJ {f' ; } —nglwa E ,JLJ(:.‘] : [_s"L—f- :5_';*“-1\ 1”\_‘-"*6?"‘*"‘5 & J};, o a,]
;/7 VL A *3 ik @ Lo f | a5 s\ C‘i-»rﬂ**“ﬁ}‘ A
\.,;t'r E! P ;}: ;{:}'Ea:}.’ 5 ;;\ ; ]f;
] A I /! ,r{f‘) ak . es \ﬁ AR fu“)w&"‘ JP)J ahag bl e e St 55
: {':E' ;; i}f { \M{‘}ii; o A et



JJ} 2/ é} L"/‘C’lﬁijlﬁjfi L:J CZJ(:U{ Q;le/ e 4/1?
,o[; M (—> DAJLu E P & O ef slue _yur 5. e ALY

Law of Action and Reaction

I £
O
(yrel—tte!

. - ﬁ‘- J""v
(__i;)J LQ.!\ Fatl

CJ_;uJ diqu 5,
The third law of motion, the law of action and reaction, ca il
S ?LU 9 qJ_/'*’\ 3l ) , e 22
be stated as follows: To every action there is always an
[y e ot b VTR L Iy chxp
cpposed equal reaction.
ﬁydl“ﬁ ?)L wo 2 ;

Ew Tires of car push back a gamst the road while the road

J 2o . Ed bl wleadl 2T PRET sl plal oy PO '
pushes the tires forward. s !
et &by m , n/LLJ“J} &)t e Bl e
.‘ ’\f" fb).) 3 @ A}J-J‘fﬂ“‘”,\ k"ﬂ@lj )
. t;”\ 0 1,,“ PERY L ad | QZ""M

L}—l l—LLUI

%5, Force of gmund)‘ Foree of tires/on

on liras (reaﬂhﬁn) ground {action)
oA SiLy, oo predlt T
Fi=~ - (& ot

5



.:C:J,_gid\} I e Jed) (Cao i Jf‘ ad &l&_w T
(5lLtL,LL ST ‘:L P s edy b
-,:?Hlsu U"M“ A b _sdb (,!x.LJI Se Ll

Newton S Third Law of Motion
G_%ujy capk -CkUmi\ 3

Simple rule to identify action and reactlon

EVIom. 7 P vy~ - D Sy T T

> Identn‘y the IQI_Q_I:_%%QQ_F\--OEF Emﬂgflnteracts with another

0 &= =)

- Actlon O_bjemct A exerts a force on oQ/e_ct B.
— Reactlon Object B exerts a force on object A.

i
Cj.zm'l 27

s L B [EE N
Example: Action—rocket (object A) exerts force on
Xample
Q’ A XTI .
gas (object B)JM |
5 el l' w
g, 5, Reaction—gas (Object B) exerts force on
rocket (object A). - , i E
a)/lgj\ :
)
JJJJ:JT
. 57
Action: rocket pushes on gas React"f}n gas pushes on rocket
dﬂJ! ?‘}/L,c:\Jl Cﬁ*" o }u_jj\ ‘; dﬂJ[ e /bd‘. z_w L.jl“ C?/LP_J



QJ}'\ ()\:5 L.““J 0/9 l‘ {;/'ﬁ CJP\PjE\ \JJL\\ e
¢ w\ PRA N

Work = cdts

(JEa) a—

IWork is the product of the Jorce i the ﬁ’wf tion of the Hotion umr’ the distfrceivens
d;:;,d | e 2 J5o e _},,J\ T i ey _”\_/——“'_W

s Zakeia
oy : ST
where I = work /1 )i ab-« L
o L e
' F = fc Orce applied /7 zbe direction of the mofion
Qaabfl B -
- djsplacemem E ot DT
asl- )
Work is a trans
orkis a tran ferred energy durlng the moti (f:hsplaﬂ_cpgmem)“'
JULLJILJJ FkulN[Ak ' t.'l:,\:{f/:;l_\i
t> . IW.M%L; i
Two things occur whenever work is done: e
STy Leiic T Bl Ay — —=u (Y §
» application Qﬂ;fg@ e Lyt G
Akl fame:
* movement of something by that force ' ﬁ
RNy ““—“g_j@v;ﬁg T Ean

5
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If you push against a stationary brick wall for several minutes, you clo

v o C..,u\u ol J (s ; Lo ,Lu‘bg_;,"
no work - - S e
n\\ | 73
on the wall.
/,‘lé‘
. at aII
(AL Y T8 cste
C. Both of the above.
AAproal Ln
D. None one ot the above.
,uoi_; s s L

,/‘\_-\:3 \ le"g'df‘uj (j \ujﬁ\j QJ ‘u@‘ .;L—I’ éf’) ‘i‘:’L{:'

) =R

. :
()_:\ﬁu; (;) bi ‘:;; ,j': /\,’“ (.} B é" / -~ P '/\
) \%gu);ﬂiy,\e;)\u (Y
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L CHECK YOURANSWER

/
b

If you push agamst a staticnary brlck wall for severe
‘no work

on the wall.
at all.
Beth of the above.

None of the above.

o0 ® >

Explanation:

s
You may do work on your muscles, but not on the waII
« if L,_[;’ sz d_,u LJ‘LL ES Y ,J,G uliou \w\

Inutes, you do

oIS



- Work o

2 Work is done by the bulldozer on the

qs)-}; ’/)_-L_Lu
dmﬁ and tocLs /e
sl |

&1



/
é -
Cap I/._LJI ) ()MIJ[ Cj)” UJ«J/ /\/:}L[ j"zjl'} - "'LUJ\ o L3 /1 ’)f“g L’)”L‘ Q.\)\.\LL. s

o 3O ¥ 30} A
RN ’ILS-LE,O_) dequ Sasllps l__a\ !'J 2. "31 B_ﬁ 1\ W\"efm ¥ A J‘l"*

da:“-“ -f:LG}\AEr'O Lﬁ"\ 5_,:5in ‘ﬂr e - C/

Work

Jead |

Examples:

el NV kY
qJA./U ‘

o Tche as mug&__rk is done in

lift tmg 2 Ioads [i?cory ngh w_s

Ilftm 1 Ioad the same vertlcal

*‘"—’c}u D cz,uufu
dlszfance |
wLm_Li

Reason: force needed to lift twice the load 0
m_’ ;j—r ¢ "Lra_/J‘U\ Z_;:) (_‘_ch ]4 —E-::H—— B ST S
is twice as much. 1
o_af Cap)y  leug. 3

* Twice as much work IS doneﬁ__r)

d*’—%“ Aty 8 3
llﬁLrl_ja load 2 stories instead of 1
e Urd G L~IT g % ;' \
story. -

b

Reason distance is twice as great.;
Eey el U lakt & Cece TN G7




@'\y caesh O\ Sele o Lo sle e

' L ANE L o d v
Waork

Example: | |
I
° 2 wmghtlifter raismg a barbell from the
.JJld ¢ o
floor does work on the barbell.
T S Al st m
work = force X displacement
d;'fIJJJ e ael Uy Y 'if ) »
= newton X metre = Nm ™ e ;
A g e Lj%)/\)-‘ (\E@JJLE !
, ol system: (o=
S 7 ft»u %A
INm = 1 = 1] 1
N m ](d;%e 1] i By

British system (or U. S system)

(_SUQJ | ¢ Uiy el =
wotrk = force X dibPlﬂLCI’nCDt

= pounds X feet = ftlb

JJ:L [




- Find the amount of work done by a worker lifting 225 1 af b cks 10 a height of |
L

“pyl T =1 =L Jonear = > 'L oy
|. 75 m as shown in f:igure 2. 28 e , | el
prre oL & d{u_dl |
Data:
Slbety
F= 228N
s = [./5m
W=7
Basic Equation:
qblm alatell
W = Fs
I ii
Working Equation: Same
e 2] stes
Substitution
e 5d |

W= (225 N){1.75 m)

= 3MNm or 394

({éf_

|




-
A wcarker pushes a 350-Ib cart a distance of 30 ft QMM a c:oniagt “ﬁiﬁ & oif
40 15 25 shown i in Figure 2. 9. How r much work does the person do?
Zf,afp L LE diuh J('” ke d41d| LFJJI Ué_fhtdl “‘-Jr*-_u
Lt F=401b
s = 30 ft
Basic Equation: B
W = Fs o
Worling Equation: Same
Substitution: | | o
_ o e
W = (40 Ib)(30 f1) | s l
\i\}-:f’i 3 /ur\j" . I{' et v oy
P\ o™ \ (/ \ i ! &5



T e e

W:_ F»‘;; Cas ?‘i

[ S, g e R e

Work done by a force not in the directlon of motion @ =

dr;-‘h’;”\) ,Li?\ y\)ﬁﬁ.j\(}“@j/ Q)Ltﬁ’c,rdlﬂ_ % LY

W ; 2 {j
OJ‘_AUJ\ lj)bJ‘\ 1 P Ls’ |
\ag’p)“ E
f“‘ﬂJ qp!,_;,u v olaly oj’ﬂl\ el ‘ﬁ
e ‘ﬁ "C,? C_)-»L-j i
| \ \-J\J—-“\, 'dg—f“—“-?‘w\,/[\ffj . ID \'~ ‘
: % /1"“(\ : L’U - }f 5’.(:@»5"‘}’@!/
'“‘“w” F’F:yn - 1 xu.! Romin
%*"J‘\%L_e adjacent/to | E, | CA AR e g J
_ - S F- 8. Lasfi‘i‘
COS = =
hyporcnuqc ’ F| : =Fe 5
S 7
e Note/ \/VorL< by ftoice
£y 2 al|
V\ g endicu ar (6 =90° ¥6)
% ]—/c POQ 6 u%\pd f( | d
M\U SN WM_M e oﬁ%(gggon 0 "”SSE,!},”“ IS
I = the me done _..kero. Ego worle by the
o daiyly . : T
/" = the Applmd force o;yﬂﬂgfh—t =0 Jin D}L‘i‘!iﬁl‘—"s
o T A A o)JaJl_ - example 7 Lt t
r = the displacement e
= apsls
0 = the angle between the applied force
@;\W Y T AT | b
and the dn_g:_cggp of the motion |
NEp =TT Ld. €



EXAMPLE | e

i oy By, Dbl e Bl s Gl
il | A persan p_‘ﬁi ed}aiﬁg{evel LJQ dtstancg/gf 150 m by exer tmgK
ity constant for*ce of 215 N at an angle of 30.0° w:th the gro ound (Figure 2.31). How
- much wor I< Cdoes he da? Bl ok — © |
sline d_r_u_u'q ‘Q‘J"}‘.‘-E.SJ“

FIGURE 2.131

Data: [ l
F=2{5N
s=150m
A = 30.0°
W=

Basic Equation:
V"= Fscos @
Working Equation: Same
Substitution: : | {

I¥ = (215 N)(15.0 m) cos 30. no
= 2700 Nm
=2796J  (INm=1)) & 7



=];

L% EXAMPLE S ATy od e Sebh 85 es 4
= @and usg:]a push m mawg%o mowlJa l&ngJumasd who ig tal!a?pughes at a

constant force of 33.1 N on the handle at an 1angle of 55.0° WI’[h t]&éroLGc Samd

ﬂ.uu‘

“_4___.

[ pashz WHOIS o s shorfer, pushes at & constat force of 232 N on the hatidle at af an ang

\_/1‘\\
e “350° wrth the grotind. Assume 1hey each push the mower 3000 m. Who does
YA ; S s
more work and b;phowtf“ﬁuch? Tomd” e s B
. ) A}T d,uu (T,' e
Data: Sketch:
_ 2= 59 A
= 331N F=232N Junaid
s = 3000 m 5 = 3000 m ‘
f = 55.0° f = 35.0° 2
=1 W= e
Basic Equation: | | a\ |
] | S e
IV = Fscos 0 W= Fscosd £
Working Equation: Same Same
Substitation:
W= (33.1 N3}(3000 m) cos 55.0° H = (23.2 N)(3000 m}) cos 35.0°
= 57,000 N m = 57,000 N m

[l

=57,0000  (INm=1] 57,000 J

Theyqothesanmzmﬂountofmmwk Hg_, erJunmdrnust@_ ert more
Py g & 5| e Ol J,J—_
because he pushes into 0 the ground _L han Sami, who ushes more
U 02 J_ <334 Y T
dwectmn1oftnernoﬂon o B

i }

enErgy

C—lJJ—ﬂL_J [ ——————



. L A |
L.Sl’ /‘*1"\{" (J.Eim;! | ~ |5 ~—§* LﬂL | =

= : ; C-:},Q’;Jl DJ-D__j t.:,r
: d;:ﬁdl d‘,ﬁ\_) J oo -\_{g LT

;:)/,LZJ! |

Power 15 7he rate of rz’umg zzw"/é

o aall —§ s W ‘ rS\_u[ S (_{—CmJt |
D2 *“’é

P = power
IV = work
s ' .(}f—udl
/ = tme
Zasll




'ower

& {t[f
T llmj unies of poswer are familiar o mo 5 st of ws. In thc merric st)m:m the unir af
(s c_>Lu>) 6-3%l) d,_)j;_a \ ;;_’ Ly = ¢ el s
power is the walt n <3 S LB o
D/Aﬁ/'l = s | = PSR
blsh & ST PGS
, 14 Fr o Nm ] g
j—j —_— —— T —— == f = 11’1:;{['[ C}]';‘ -
¥ §F a i Yz lpts ~w
y B \els - H,‘f""_,ﬂ/ .
Power is ofren E}\gj}@zﬂ i klowares and mepawares: [ 1K= '“ﬁ'é‘.’"’“q T
O/_L_[)_J '\.AJ Le Zja}_r ::‘g ...OL)‘\}J ) ';.9‘ L;‘ua N J L—“j !\J‘I —_— !2) LUJ DLy i jor
106 watts (W) = 1 ko rar tk‘ﬁ j] CChp ) Ao LG bt - &
. ’ T ‘ p lll G
i,f,h,btuui-i__ml wars = | me gawat R Pf'-.'_} LG 0 Lodye -5
i (b gty
[ the ULS. syseem, the upit of power is esther'fr Ih /s or hmlmpﬂ-v e L ol
'—'—T\_/—“‘_‘ s b , L [ '
& Dovn g Ua, - Uebes bakl’  Gmgls b ATy Ly &l
- I Fr fr b
JD“ = —— = — =
i / S N

Horsepawer (hp) is a unit defined | by James Wart:
“"‘*V___*” e e

SUNAL s A
| horsepower (hp} = 550 frib,/s = 330010 fr b 'min
4__,_17/'————% LS P 4
caV ) Gle s

| hpo% kws 75V




EXAMPLE: ad an

d/ 150 ) !DOl h“‘ h--. d elc‘f) ed Yot ’l(‘g’z j,LL
m in 5, Now muc PDW@‘ is_M
R - e .
Data: | , 6
F = 5000 N ¢ & 4
‘ ‘ ;L g a :
s = |50m - - (17 !
: ‘ {‘._)) . /;
t = |00s . L 7 Qg _,/'\ )
P =1 | |
| \v 5 \I/.‘ (\
Basic Equations: , 75 vl
! ‘ =
/
\'V “1‘,
P = T and W = Fs

Worldng Equation:

Substitution:

(5000 Ny(150 m)
- 100 s
= 75603 N m/s_

/1



EXAMPLE 2.2¢ B

/QJ-UV ’,quﬂ

The mass of a Iargeg ﬁjfwrecking bglﬁs 2000 kg. What power is used to raise it
to a height of 40.0 m if the work sdonein2008 = FO Wkl Tl

T o e B0
Data
m = 2000 kg s = 400 m t = 200s pP=1

Basic Equations:

W
P = 5 and W = Fs
I
Worlking Equation:
Fs
P = _t_
Substitution: Note that we rannot du rectly substltute into the working equation because aur
T e U L pE b il | el e dah = TVaEbs T o1
b data are lven in terms of mass and we must find orce twe in P = Fst. The force is
" the we|ght of thedgwll Sl gresuet }U iy
() /j‘“ D} ! B ’
F = mg = (2000 kg)(9.80 m/s?) = 19,600 kg m/s> = 19,600 N
Then |
- Fs (19,600 N}(40.0 m)

t 200 s

= 39,200 Nl m/s
= 39200W or 392 kW A 2



EXAMPLE: - gt |

g M@_ s ne&dfg ‘t@ Ilﬁ: ISQO L @fLmter per mmgte a distagce of 45 Q m What
pawer; in kW, mus:t thep pump he able to delwzaﬂ (I'L of water has a mass of | k 4)
b ial) cvsnall ombB /)*"'j‘)*Jt wle =2 I v =y U

K
Data: m = (5001 x TLE = 1500 kg s = 45.0 m t = | min = 6005
& | .

Py

g = 9.80 m/s? P =2

mgs

Basic Equations: W _
ry W=1F, and F=mg o P=—

t

Working Equation:

Substitution:

(1500 kg)(9.80 m/s%)(45.0 m)

60.0 s ‘ |
| | (kg m/s? b
= .10 X 10" kg m%s (IVV:——J: Nm _(gms)(m): Il<9n"r}/s)
‘ S S S - ,
| KW
= .10 X [0t W x
103 W

= | 1.0 KW 72



E n e [gy LB’“‘” O L iifﬁfi = = U IE

calym
T‘“’*’@T’”’ | L b QST
¢ =) ) _
i \Mf)j ﬂJ, b () ‘-f-’%;’d’?‘g D
Energy is defined as the ability to do work. = =% ©% B Whe @
—QL#T},;\\/ C_,f_}&) LLLM,V /p;::__\—j d-)‘*«’ dm; ' "'/’:‘3_:" = .

IGHT HEAT ‘C‘I—*IEEMICIAL )

Forms of energy: LJ“‘”“E‘{ Bro=he ) W‘"r‘l”i"""[;'i "
S s Y ' 1’“‘7 (J) 6 8
f.’{’!}f’ il

1,9&25&('%\”““”’;'
o Fﬁ‘-’r‘
L}’ L‘j; B;L:H__ 4 i‘} IL-‘ i

“.‘f‘r&é.‘; {

‘)

ELEC‘TRTCAL
B i @T

Units: et
Sl system:”  Joule (J)

¢l -

U.S. system: ftlb

~ w@vm NS | 74




/

Renewable energies
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Léj‘ﬂﬁ L/}Lj\ o

, ;
s g

» A - ’ o
r{\ﬂa,'l (o b 3 gien e e
\ ) ™ g A
,,_p_gud\,.,ﬂ ﬁqw_’,
' .,-; L_y;l! \ Y \

S O i a r : r_}u@ fﬁ :} L‘Lf;{ e o U

¢

i ~ » B
{:.Ll(—iibﬂ gl , 6/1{/}{ / C?ff“ﬁ“‘ teed |

A5




L BasUh O R TR
| ﬂu}iLqﬂ*‘ﬁ'f @9L49,J1 :
O Mm.) _£§ (J‘-

@Ch&}ﬂiggl Lnergv et

<GS\ ¢ S VNI F:iwjzkj tl\ e il
¢ 1.,}"‘.}
* The mechanical energy of a bq_dy or a system is -~ |
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There are two forms of mechamcal energy
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Pote ntl al En EB)./. i g o = J
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* Potential energy is the stored energy of a body due bz ﬂ:W*
VRS EH Y e \—u_Jtsuil du\,.h,)\ C..._‘__«:c_}\\ ..»h fé; (e U
to its internal Characterlstlcs or its pos: tion. tallel £1g
=N A SR e -
: gL_‘Da::u /L\ C“’Lﬁll d
1. Internal potential energy is determlr*ed by the "’jﬂ“\a}w\ 037>
Sl ™ Eay & B - EPRUSAIEC I
nature or condltlon of the substance Ty
=:~15«¢1a ne C.f,:?ﬁif’ ) J/ il f E
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E)%mle- |
~* Astretched bow has stored e_mlj_ rgy that can do work
bjf,a,-&-o U“’j" _.d ‘D_J’-’ J U}\J/‘IW ) e d_{ ) {
on an arrow.
e P~
* Astretched rubber band of a slingshot has store
LRl ¥ Ll g = d

energy and is capable of doing work.
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2. QGravitational potentlal energy is determined by the
CLH,D/,J\ S HlsU CL"“"\-SJ m > 0
position of an object relative to a particular reference level
et (m-ud | s Clmu-J __J; i g U s
Exam le: |
¢ water in an elevated reservoir
Csur Q’f" Y e
* raised ram of a pile driver
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Gravitational potentlal energy

“go , L <, 5L I N
'**L-/‘*u( ti/ i '\ “,')ww-é dmﬂd % 4:3,9\41() 2 W’J \;’ l ﬁ’{j as Li; e

Equal to the work done (force required to PN A
- wsbae cead dandr > fal —“‘\ff E=SONTT, I | 4
mg_yg_j upward x the vertical distance L
TRy Sw T, 25 Gkl
moved against gravlw) ln lifting it |
Lﬁnf J«v—’ ==k ,.»\3-:_'}1 =, e e ‘,:P y
i)(:» s et fj—’_:clﬂ-&j‘)J a’\. (4.4018/ R
wy W= oS ~W"ﬂ .
In equatlon form Ay, = mah ! Posiion 1 :
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WIE CIC EI" = plflltiljlil :%é? FIGURE 2.33
nro= NAss \\Hnl‘dﬂfﬁ%l" in lmt tHie crabe ¢ d‘\/f;vﬁ
g = 9.80m/s2or32.2 fi/g it potential energyt |
h = height above reference level
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Does a car h0|sted for repairs in a serwcp station have increased

5l = { TS Y L—*'ﬂm\ = g T e |
potentlal energy relatlve ive to the ﬂoo "
Al ar U = by
B. No |
C. Sometlmes
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D. Not enough information
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Does a car hoisted for repairsin a s;ervice station hz?ive ncreased
potential energy relative to the floor? - l

= O

A. Yes
B. No
C.  Sometimes
D. Not enough information
Comment:
ASJ:L;:) . 3 s N - -
If the car were twice as heavy, its increase in potential energy

0wl el ng d.l-"‘ ljj.')li/ ) L‘.i
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would be twice as great.
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Potential Energy”
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Example: Potential ener&/ of 10-N ball is|the{same in
s A S OEEIEm0 . &3t o R 3
all 3 cases because work done in elevg tlng it
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EXAMPLE 2.3 |
i ,I/,w;ﬂ\ Aj‘/ v\ .:;u}'f»o \{\
A wrecking baﬂof mass 200 kg is poised/4.00 m above a LahcreteipiaﬁormTwhose g

top is 2.00 m above the gi g‘{}und (a) W}th respect fc 16 the platform, what is the
‘Vw 67‘2? s W
potential energy 7 of the ballf (b) With tespect to the ground, what is the paotential

ST
\\{1\ &9\-):’-)5 e_rlgwrg}‘, Cﬂ“[hé ba“? w),\_'d d\dq_,l_/uu u,o/,JJ \ = i!\
=) e M e
By e Sketch: £ ©
Data: ; _gj:?;/

m=200kg h =400m h,=600m [ =

Basic Equation:

CE
Eﬂ fﬂgﬂ

Waorking Equation: Same ' | 4.00 111/

(a) Substitution:

i ] ‘ 2.00 1,

F, = (200 kg)(9.80 m/s3)(4.00 m) |
740" 1, [1= i K= I e = | ki :
= 78 % = | Nm= g mis® ) (m m*/s
g2 kg i/t (Kg M g 1
= ?846] (which also mdlcates the amount of work dore by gravity ona falling ODJELT_)
Cf‘)\j LS@" 2_}03" Q_;/C dﬂ”‘“ d"’l“u’l __‘:;;i bJ\Uo Ljh: hﬁ\)uj\ q\»utgl
(b} Substitution:
J m12 I |
= (200 kg)(9.80 m/s*)(6.00 m) = |I800<g X . 1,800 |

ko 2l ]
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Kinetic Energy ... 0050%
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. Energy ofmotion L_@_)g\ﬂw @ watht AT D
. l(metlg energy IS due to the mass and the velocnty of a moving

=9 =udn o S T?J
object e o B o
Al s
* s w the formula: i - |
;J o @M‘ _/_\/i_\/ -—\> i ,
o v
)} - S may w) @E AU Lk \CLL,DHQ'!\
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where £, = kinetic CHErgy - | }%{ g . .
AT m P
] mo= 3 mo
ol mfﬁg of mge ving ing object £
v = velocity of moving abject
v/"m L!;"z—w ix\‘t:)i
o lf object speed is doubled = kinetic energy is quadrupled
MJ\ byt Sebelis] T T IO ol
e

!
B4 i
i



Klne_t_LC Energy T el
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Kinetic energy and work of a moving object Sl 5
ol o e T vz By
o J )
Eciﬂgl to the Work rggyﬂ/igi 0 E)ng it from r%%t to lhaL (Fes = #

sp%—:d or the work the object can an do Whlle bemg broughi

cj.ﬂl

P
to O rest. In othef Words if a@g_yvorl< IS ter into

= Wi \a <dt o F JS_o=0 b
Kinetic energy then: .
e N> ae |
total work = net force x displacement = kinetic energy,
S gead sl Zere e g Cal=dl oo

'—L_su:j_}\

or Fxs=1/2m\>
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A pﬂwr* wn:h ith mass 10, OOO kg s*trlkes a pile with velocity 10.0 m/s. (a) Whal

JAJ| M/ ;/\..L.L <:L-£ e d :
is the kinetic energy of the driver as It str |kes the p;le? (b) Ifthe pile is driven |
‘1{}—'{.“ v’——\__f C{)U VST E’;‘-‘-‘ 5Ji L_]“ 5,LJ ! ‘j
720 0 cm into the ground, what jgrc:e S @PPlled £ the plle by the driver as it strikes
e ey A, ) L
the pl e /—‘{Dssume that all the kinetic energy of the drwer E cwo WO k-
JJle q_]\()ﬁ_)—d’i c}a C\_)J:;)dl ;@V {LJJ.J L&U \ C“J‘J C}Cl
Data: m = [00 x 10%kp v = [0.0m/s | A 7
s = 200 cm = 0200 m ¢ A = owme X g
- S :'XU Jcm D200 m F =] s,
(i) Basic Equation: Working Equation: Same
T P
by =7m Substitution: |
Ep = 4(1.00 % 10 ka “mu} mis)’
- kg i 1) | : .
= 5.00 10° g) P TS [P)=1Nm=1 (kg m/s 1 | kp
e o Jeg misr '
= 500 x 10°) or 3500kJ
Sketch: l -
(b} Basic Equation: Working Equation: | e
) doe s IR
W = e Es | -
by =W =1 F = T’{ [Use E, from part (a).] l
Suhstimtiﬂn: | . £l S
: K E ' | f o . IR
500 X 10°7 1 Nm T

0200m 1) (1) =1Nm)

= 2.50 X 10°N
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Sl
Data:

Ee = 3150

Canip l

UC .,:.,m )_u

m = 600 g = 00600 kg

==
Basic Equation:

E, = % my’

Working Equation:

25

n

Substitution:

(3150 D
t \/o 0600 kg

= 324 m/s

ftg mYst
o

A

% / \Wf’ A 60.0-g bullet is fired from a gun with 3150 ) of kinetic energy. Find its velocity:

— TN
/ 4»1»5;- =7 oy 1 I/’"

[1)=1Nm=1(kgmfh{m) = | kg m>s]
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Conservation cf Energy

‘2__““*\\/
= |y T

LQLN of conservation of energy
* Energy cannot be created or destroyed it may be

=5 Lt YWolsca T [P

transforrned from one form lnto another but the total
<o e L)UTLLZJJI _J’DJ/’\ MU CLL.Lﬁ);

amount of energy never changes
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C@nsewatimi of Energy

as L r—

A situation to pmder

Consider the system of a bow and arrow In

drawing the bow, we do work Qn the's system and

Uy 5%

give it potentla! eneéfgy When the bowstring i

LLJQ_J\“‘\QJ—&

released most of the potential energy is

o DO Jl a&th‘\\——“

transf}e\j’red fo the arroyv as kinetic energy and
some as heat to the bow = Fl

Q-&MJ( ’J“ ol Cé UAJJAJ\
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" Conservation of Mechanical Ener —nergy

; L s = Lo qh_‘%j\QQL S
{ <1 Er) o wﬁpam b oy g GGG 20 01T
e P g PR
LMechamcal Energy Potentlal Energy 4 I(metlc Enei"gv
A G N\EL =y %Lin M auu:,u ST QJL,_U ol
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E5) Senr & p U
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QJ_)’P f\,u { ﬁd‘)\,ﬂfo

Law of Conservation of Mechanical (MR o) !
ofb o K[ﬁi i i ! r;j:_) l\;D
Energy e T i
=St J | g e 2 T4
The sum of the Ial@gglg gnergy and the al 7 il &7

BT N : LS s U
patential energy in a system is constant oA mh e B
'le\ —x/'r—‘fgfdl (_.\_JL ! z,.”'_xf -
If no resnsiam forc fes do work. o
ey momn oEge (3 WO b= £
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Example: Energ
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Conservatlon of Mechamcal Energy

(Dl

CUL}:LJI S~

G L d @ﬂ_

* conservation of mechanical energy = max £,

Yore

cu,i \5’;{.1

the operation of a/pile leer

i \G ()

v transforrms without net loss or net gain

alests

N

‘—i\-__w_./

E, — 0

G

p — Max =mgh

CL?L,.“

J,_

,D\ :d esto C'.‘.JLu._Jr_

e
5 —

E, = max = —imlz
E, =8

(At Impacl)

i

meh =

* Solving for the velocity — v = /2 gh
Foll
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/
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= max £

| b,
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