d el xidlg g pad) Galallls Juadl) ) i ol jai o

calad) = ol 2 ol Juaid] = cbjus & paiiad] jac gabdl caall < & LY meliadl & zaliad] 2850

20:04:08 2025-02-19 : zaliad] gige sle cilall d3la] b

Jac Glysl | g Upsse | sl | el bl | g iSO el b | dlal) S | nald S | lals

sals (po Q.I)A”
¢L').\3

u.n.ml.o ‘_Aabdh.x.c RVC D Ia‘a.r_l

‘ . r ‘.\1 i g{;", M |
) <

paiiel] jac sabd) cadd) iy (e laixV) Lol gil]

@

\ ¥

@L‘\Aﬂ d=f0
e a5l LYl
Agrrans

&l dald) i pad] axll)

Ao M) il

98N i) (Sled) laeY) Al

9,350y (486 eeil] Slaud) o) AL

M alas) (g iSI) el za s mpie Slaid) Olociad) alin]

JE S e upo g e s

de bty Jordly &S o) Bl duelsd) 8o ) dxz) po Joc &6 g



https://t.me/uaecourse
https://almanahj.com/ae/id=31242
https://almanahj.com/ae/id=31242
https://almanahj.com/ae/14physics2/keys
https://almanahj.com/ae/14physics2
https://almanahj.com/ae/14physics
https://almanahj.com/ae/14
https://almanahj.com/ae
https://almanahj.com
https://almanahj.com/files_by_day?country_code=ae&date=2025-02-19
https://almanahj.com/ae/14physics2/sheets
https://almanahj.com/ae/14physics2/slides
https://almanahj.com/ae/14physics2/keys
https://almanahj.com/ae/14physics2/exams
https://almanahj.com/ae/14physics2/quizzes
https://almanahj.com/ae/14physics2/book
https://almanahj.com/ae/14physics2/guide
https://almanahj.com/ae/14physics2/files
https://almanahj.com/ae/14physics2/files
https://almanahj.com/ae/14physics2/final
https://almanahj.com/ae/14physics2/notes
https://almanahj.com/ae/14physics2/reports
https://almanahj.com/ae/14physics2/english
https://almanahj.com/ae/14physics2
https://almanahj.com/ae/14physics2
https://almanahj.com/ae/teacher_id=2223
https://almanahj.com/ae/network14
https://t.me/almanahj_bot
https://www.facebook.com/groups/grade14uae
https://www.facebook.com/grade14uae
https://t.me/grade14ae
https://t.me/almanahj_bot
https://facebook.com/UAEcurriculum
https://facebook.com/UAEcurriculum
https://facebook.com/UAEcurriculum
https://bit.ly/3d37XjG
https://bit.ly/3lSsdIt
https://bit.ly/3lQ5kFG
https://bit.ly/3ro2lFw
https://t.me/uaecourse
https://almanahj.com/ae/14physics2
https://almanahj.com/ae/id=31203
https://almanahj.com/ae/id=31202
https://almanahj.com/ae/id=31201
https://almanahj.com/ae/id=30928
https://almanahj.com/ae/id=30778
http://www.tcpdf.org

\ !~ S i o

https://www.youtube.com/watch?v=5Q5Kk80DgD4U&t=15s dadadl) A4S jall dpaS
https://www.youtube.com/watch?v=FOKANKYx7Bw adal)

Auly H8 O

iahall 38 Al dus 7-1



Chapter 5: Kinetic Energy, Work, and Power
5.1 Energy in Our Daily Lives (Self Study-gﬂl:'l ‘-:h:v)

5.2 Kinetic Energy

5.3 Work

5.4 Work Done by a Constant Force (For Enrichment: Lifting with Pulleys p:136-137 :ye <L,SWl pluseiwb adyJi 131530
5.5 Work Done by a Variable Force

5.6 Spring Force

5.7 Power

Chapter 6: Potential Energy and Energy Conservation

6.1 Potential Energy
6.2 Conservative and Nonconservative Forces Concept ChECkS

6.3 Work and Potential Energy

6.4 Potential Energy and Force (For Enrichment-31,30) 7.1.c 72,0 7.3.d 74.b 75.b 7.6.d 7.7.c 7.8.d 7.9.2 7.10.d 7.11.b
6.5 Conservation of Mechanical Energy -

6.6 Work and Energy for the Spring Force . ' '

6.7 Nonconservative Forces and the Work-Energy Theorem Multlple-Chmce Questlons

6.8 Potential Energy and Stability (For Enrichment-3!,3))
[ 7.1.b 7.2.b,¢ 7.3.b,d 74.e 75.e 76.b 7.7.c 7.8.a,ciandd 7.9.¢ 7.10.a

7.11.a,b,and¢ 7.12.¢ 7.13.a

Chapter 7: Momentum and Collisions

7.1 Linear Momentum

7.2 Impulse

7.3 Conservation of Linear Momentum

7.4 Elastic Collisions in One Dimension

7.5 Elastic Collisions in Two or Three Dimensions

7.6 Totally Inelastic Collisions (For Enrichment-3!,3))
7.7 Partially Inelastic Collisions (For Enrichment-31,3))

7.8 Billiards and Chaos (For Enrichment-3!,3)



Definition of Momentum
In physics, momentum is defined as the product of an object’s mass and its velocity:

D= mo. (7.1)

As you can see, the lowercase letter p is the symbol for linear momentum. The veloc-
ity p is a vector and is mulriplied by a scalar quantity, the mass m. The producrt is
thus a vector as well. The momentum vector, p, and the velocity vector, v, are paral-
lel to each other; that is, they point in the same direction. As a simple consequence
of equation 7.1, the magnitude of the momentum is

p = mp.
cageal) aie w8 pand | ALS i Pl Lol AS p3e) WS 53ad eliall 3

(7.1) p = mu,
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P = mu.



Momentum and Force
Let's take the time derivative of equation 7.1. We use the product rule of differen-
tiation to obtain
dv , dm -
_|_
dr  dr '

For now, we assume that the mass of the object does not change, and therefore the second
term is zero. Because the time derivative of the velocity is the acceleration, we have

p ==(mp) =m=—

d - du - =
= _— = = F
de ¥ a
according to Newton's Second Law. The relationship
— d‘ o
7.2
F =P (7.2)

is an equivalent form of Newton's Second Law. This form is more general than F =ma
because it also holds in cases where the mass is not constant in time. This distinction
will become important when we examine rocket motion in Chapter 8. Because equa-
tion 7.2 is a vector equation, we can also write it in Cartesian components:

_dpx, _dp.ld, F=dpz

T @ T Ta T @

F

Momentum and Kinetic Energy

In Chapter 5, we established the relationship, K = Lmv” {(equation 5.1), between the
kinetic energy K, the speed v, and the mass m. We can use p = mv to obtain

z 2.2 2
mp- _ mp- _p

K= 2 2Zm @ 2m’

This equation gives us an important relationship between Kinetic energy. mass, and
momentum:

K =P

2m-

(7.3)
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Concept Checlk 7.1

A typical scene from a Saturday
aftermoon college foothall game: A
limebackar of mass 9% kg rmnuns with a

Z-1 medlal) A o) 4o
.ir.'h.._'h_.-ﬂ_]! Eu__,j E1JL5~GL:J_QE,:_'-5}‘5_J_J'_I::I_§
Ao e alall sas Aaald ) 3 EAlS. oW
o e N O N e L DU |

scpeaed of A8 mds, and a wide recaiver 78 M S La,a® 5. D5 kg azl:s
of mass 74 kg runs with a speed of c e &l S 5 o< +| . S g
95 Mm=s. We denote thhe magnitude=s .l O f_—; rﬁfs L s o B e — 2 I-e:_g
of the maormentum anmnc thhe Kinetic =< 1 :d;l Lty &S J; | 5..< .:_5_;' - !
energy of the lilmebhacker by o and &, y Le . Ke O o a o ls T <L)
respectivelly, and the magnitudes of the ABlladly AS,4 ) Z..S :5,,; R P
morrventurnm and the Kimetic energy of s 3e sl B, S0l bzl Zolde) 5. s 4
the wide receiver by o, and &, Which o --l_-._-.l- Ly - 2 ) <l ‘K:U;_S P
st of imnequalities is correct? & ©a_ . T
al oy, = o, K, = K P = P K > K, (a
B oy = P & = K, B < P K > K, (b
l'__] oy = P e II'g:'-l - ".::-'.'-l N = oo K.i = Kw (C
) oy << Dy K << K, 2 < P K < K, (d
1 2 L 2 3
Ki=—mw; =-X%Xx95%x7.8 =2.89 x10°]
28N 2
pr=muy;=95%x7.8=741kg.m/s 1 1
K, =Emwvﬁ, =5 X 74 X 9.6% = 3.41 x 103]

py=m,v, =74xX9.6 =710kg.m/s
P1 > Pw :Kl < KW
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dp m dv

_— = =ma=ﬁ
dt dt
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7.24 Rank the following objects from highest to lowest in terms of oy B4 48 G a2V ) le¥) o 2 ol V1 5, 7.24

momentum and from highest to lowest in terms of energy. RUTNURSRRES [ e rs |
2) an asteroid with mass 10° kg and speed 500 m/s 500 M/ e ey 10° kg ailiS 5,55 (a
b) a high-speed train with a mass of 180,000 kg and a speed of 300 km/h 300 km/h «c 5 180,000 kg i el 33ls i3 (b
c) a 120 kg linebacker with a speed of 10 m/s 10 M/s we yug 120 kG S Jowd) 5,5 3 b ¥ (c
d) a 10 kg cannonball with a speed of 120 m/s 120 M/s ) Lz yus Juss 10 KQ LaliS ps aaia (C
¢) a proton with a mass of 2 x 107*" kg and a speed of 2 x 10° m/s 2x10% m/s we g 2x10% KQ wliS ;9590 (€

P, =mv, =150 x 10° x500=5 x 108 Kgm/s

P, = mv, = 1.8 x 10° x83.3= 1.50 x 107 Kgm/s
P.=mv, =12 x 10! x10=1.2 x 103 Kgm/s
P,=mvy;=1x10! x120=12x 103 Kgm/s
P,=mv,=2x10"27x2x108=4x 10719 Kgm/s

Pa > Pb > Pe=Pd > Pe



7.24 Rank the following objects from highest to lowest in terms of oy S 1S Lo o ¥ J) Le¥) o 2l plis ¥ 5 7.24

momentum and from highest to lowest in terms of energy. Bl s o 0¥ ) Led)
a) an asteroid with mass 10° kg and speed 500 m/s 500 M/S cie sy 10° kg caliS S5 (a
b) a high-speed train with a mass of 180,000 kg and a speed of 300 km/h 300 km/h e g 180,000 kg wlsS de ol gils a3 (b
c) a 120 kg linebacker with a speed of 10 m/s 10 M/S e sy 120 KG aliS Jgassd! 5,5 3 ppbs e C
d) a 10 kg cannonball with a speed of 120 m/s 120 M/s J) Lse pus Jusi 10 KQ LS e aaia (c
¢) a proton with a mass of 2 x 10" kg and a speed of 2 x 10° m/s 210® M/S ey 25107 kQ aliS i (0

K,=>mv? =0.50x 1.0 x 10° x 5002 = 1.25 x 1011

K, =%mv3 — 0.50 x 1.8 x 105 x 83.32 = 6.25 x 108

K.=mv?=0.50x1.2x10% x 102 = 6.0 x 103

K =%mv2 — 0.50 x 1.0 x 10! x 1202 = 7.2 x 10%

K,=>mv?=0.50x2.0x 10727 x (2.0 x 10%)2 = 4.0 x 1011

K,>K, >Kg>K,>K,
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7.25 A car of mass 1200 kg, moving with a speed of 720 mph on
highway, passes a small SUV with a mass 13 times bigger, moving at
2/3 the speed of the car,

a) What is the ratio of the momentum of the SUV to that of the car}

%3 L]
J-
b) What is the ratio of the kinetic energy of the SUV to that of the car} ,
) 3 PR L Bl ) el s deal ) 5l 2541 B s L (@
%o L) od
11 V=7V v, = Zv -
m;=m m, = 7"1 l 2 3
11 2
) P2 My, S MX3zV 11
pi  Mqvq mv 3
1 1
) Ko _gmev: FmxGEvE 11 2, 22
)K11 2 m v? 2 *@)=75



7.27 Asoccer ball with a mass of 42 g bounces ofthe crosbar fagoal -~ 442 LexlaS pud 5,5 w35 7.27

| | | - R, R, | A 4le -
and is deflected upward at an angle of 58.0° with respect to horizontal L’] ~ LS BP_JDT,_:Z 43 gt HJ:LE

[mmediately after the ceflection, the kinetic energy of the Ball 5495 | o) ows®) sy L mB¥) gaznl) )
What are the vertical and . S, BUall cols s, sl
horizontal components dowl ) LS Lo 495 J 585U
of the ball's momentum wame 5,50 AS > A.oS) d.maYlg
immediately after striking the 95, A leo s ,lall Lyolad I
crossbar? ’ )

PZ
K=—
2m

p = V2mK

P, =6.61c0s58.0=3.50 kg.m/s
p = /2(0.442)(49.5) = 6.61 kg.m/s py, =6.61sin58.0 =5.61 kg.m/s




a7 .28 A billiard ball of

mass m = 0.250 kg hits the u_Jl ol ﬂl;. "Ug,u m= 0.250 k A UA 5.9 audaas 7.280
cushion of a billiarg::i_ t;b]te at | BB’“ - o 270 g w 335" | ‘Zé 80

gl 8,1 5,0 = 210 M/S Lajad de g 0y = VU Lajud gl

an angle of 8, = 60.0° and a speed of v, = 27.0 m/s. It bounces off at an 1 Al 45 ! 7= 54T * / "“:

angle of #, = 71.0° and a speed of v, = 10.0 m/s. V= 10.0 m/s )43 Ao pusg = 710

a) What is the magnitude of the change in momentum of the billiard ball Gl 5.8 28 1S il | (
) : 2l jlaae b \d
b) In which direction does the change-of- momentum vector point? o bl 3,8 8 5 & 3 ! e b

S i 5w ety o) g (b

Ap = J Ap,* + Ap,*

Apy= Prx — Pix

= (0.250 X 10.0s5in71.0) — (0.250 X 27.0 sin60.0)
Ap,= —3.48 kg.m/s Ap = \/(3 48)%2+(4.19)%= 5.45kg.m/s
Apy= Dsy — Diy Ap

H—tan1< y>=tan1(—9>—50.30
= (0.250 x 10.0c0s71.0) — (—0.250 x 27.0 c0s60.0) APy 3.48
Apy=4.19 kg.m/s ® =180 —50.3 = 129.7°



7.26 The electron-vol, eV, i a unit of energy (1 6V = 1602 10™"}, 1 MeV Blll) clisy 5o sy BV g g 831 i 7.26
= 1602 10™ ), Since the unit of momentum i an energy unit divided by~ &S 8> ] > (16V=160210™ J, 1 MeV = 1602 ¢ 10 )
a velocity unit, nuclear physicists ustally specify momenta of nuclei in unis of 2oy Lo aole il & pull dasg e daguaia Blh)l 30> Jif S 3
MeV/c, where cis the speed of ight = 2996 x 10" m/S). Inthe sme units, ey € i Cur MeV/C cliogy byl 8,0 S dnggdl byl Ll
the mass of a proton (1673 x 107 kg) is given as 938.3 MeV/c’, Ifa proton gl A8 a8 § s iyl (0= 2998 x10° m/s)
moves with a speed of 17400 ks, what s its momenaum munits of MEV/Y ¢ Ly o sy g, 1S 15 9383 MeV )¢ Jall, (1673 107 ol

MeV/C wlusy S > i L 17,400 km/s

10°m 17400 x 103

= - ~2
p _2.998><108_5'804X10 C

v= 17400 X

MeV

MeV 2
p =mv =938.3 2 X 5.804 x 10~ C=54.5T







The change in momentum is defined as the difference between the final (index f) and
initial (index i) momenta: L .

Ap=p —p.
To see why this definition is useful, we have to do a bit of math. Let’s start by exploring the
relationship between force and momentum just a little further. We can integrate each com-
ponent of the equation F = dp/dt over time. For the integral of F,, for example, we obtain:

fF dc—f—idr—fdp,-p“ Pi = Ap,.

Pri

This equation reqlures some explanatmn. In the second step, we performed a substitu-

tion of variables to transform an integration over time into an integration over momen-

tum. Figure 7.3a illustrates this relationship: The area under the F.(t) curve is the change

in momentum, Ap,. We can obtain similar equations for the y- and z-components.
Combining all three component equations into one vector equation yields the

following result:

(7.4)

This definition immediately gives us the relationship between the impulse and the
momentum change:
(7.5)

aslan¥) iS40 a8y I Ju) dsld) S 41 4S o gl £l iS4 aaS 3 Al Gk
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F=dp/dt dildl § 28,0 J8) JalSa)) ol Lk Yol 250 Joo sy 25,41 25y 5l e
ke Jas M Fy JalSs ) idly a3)! ] il

P i

fF dr = fdpx dr = fdpx Pxf Pyi = ‘ﬁpx

L

I aadl LalS)l Jies) _,1,.ul pe Lisse Aol sphadl § 7 ) oy Ablal) ads flis
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j=Ap

(7.4)

(75)
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71 Baseball Home Run

A Major League pitcher throws a fastball that crosses home plate with a speed of 90.0 mph
(40.23 m/s) and an angle of 5.0” below the horizontal. A barter slugs it for a home run,
launching it with a speed of 110.0 mph (49.17 m/s) at an angle of 35.0* above the horizon-
tal (Figure 7.4). The mass of a baseball is required 1o be between 5 and 5.25 oz, let's say that
< »  the mass of the ball hit here is 5.10 oz (0.145 kg). - Corntirmed

What is the magnitude of the impulse the baseball receives from the bat! 1 ;U‘I 9
] =3AD; = Prx —pix‘h?-.,_.a_l' | o o) 3,5 3 A5 adad) Hlazs Le

x = (0.145 X 49.17c0s35.0) — (0.145 X 40.23 cos185) = 11.65kg.m/s

]y = APy = Pry — Piy
Jy = (0.145 X 49.17sin35.0) — (0.145 X 40.23 sin185 5) = 4.60kg.m/s

1=\/1xz+1y2

Jdemied! 355 3 caall) g L (J) Ay it 7.1

(40.23 masl 90.0 MPh Layud e ;s dund ) saelall yoss damn 3,5 Joaand) 3,5 5093 3 ol ) o

— 2 2 1100 mp _,_uJ.Jn._:!._\._u L—A.-h-"-'l- -L_.._TJ._U CJL’" ‘_J1 u_q.,-u a_hJLa.J' Ld.J_J.J-e:u_g Uj.j'h’1 M‘ LJA_uJ1 50 d.J_q__,.Jg
J J(11-65) H(4.60)" e s ik (7.8 ) o239 ssiall oo Lol 35.0° as)50s (49.17 m/s)
=12.5 kg.m/s {0.145 kg) 5.10 0z 55lus Lua 5,500 aliS o) oo sied 5.25 025 5 o




Joued) 3,5 § all) TH (I D ! 71

(40.23 m/s) 90.0 Mph La,u3 de s aad ) suelal] Siss Zasaw 3,5 Joeancd) 3,5 (5505 3 olo)) o
1100 mph -d.._.::__.,._uu- -._1!-._\.._1 I-_-._J._‘-'I- -I._q._t_J._I.' t__;'..b-« K_IJ1 n_:]..n-._t i._'rJL-ﬂJ' L.&J_J..a-ﬂ..'h_g L.rﬂ.ﬂ?1 ‘554_“11 LJ.A_A-IJ1 50 -d..'l_q_'p.ig.

Joeied) 3,5 alzS 055 o) ozl (7.4 JSa0) Lae¥) ssnwl) e lel 35.0° a505:5 (49.17 my/s)
{0.145 kg) 5.10 0Z sslus La 3,501 alis o) Goiad 5.25 025 5 o

2 Il
asal) ) dcwedls o dazd (0.0018) 1MS s cpin ol 5,500 dwodlo o) de pad) Jle goand (in ey
5,501 3 58,3510 352)) dawsia Hlane Lo 1.20 MS sul uoMadl Sl el 3 Lol Gaia) ceall) 7ol )

High-speed video shows that the ball-bar contact lasts only about 1 ms (0.001 s). Sup-
pose, for the home run we're considering, that the contact lasted 1.20 ms. What was

the magnitude of the average force exerted on the ball by the bar during rthar time?

J = Fgapy At
12.5 = F4,, X 1.20 x 1073

Fayy =10.4x10° N



Concept Check 7.2 7.2 pealad) das| e
/.1 Jle ‘3 Joedl 5,5 n.;u_,.a:: |.‘\!

If the baseball in Example 71 was

hit 50 that it had the same speed of

10 mph after it left the bat but was crall oo Lol as 110 mph
launched at an angle of 38° above the e lel 38 dggl calbl gl ¥)
horizontal, the impulse the baseball olalss 3) gl (Lo (ad¥) ezl
received waould have been O3 Jgeed! 3,5
3) bigger. ) the same. LAl g b (c ‘,.51 (a
— — llear, ‘
Jx = Apx = Pfx — Pix b) smallgy ._,.im‘@

Jx =1(0.145 X 49.17c0s38.0) — (—0.145 X 40.23 cos5) = 11.43 kg.m/s
]y = APy = Pry — Piy

Jy = (0.145 X 49.17sin38.0) — (—0.145 X 40.23 sin 5) = 4.90kg.m/s

]=\/]xz+],y2 ]=J(11.43)2+(4.90)2= 12.43 kg.m/s



7.29 One of the events in the Scottish Highland Games is the sheaf o oo ki) il 1) Qlall eldled gas) a0d) o) ad o 7.29

toss, in which a 9.09 kg bag of hay is tossed straight up into the air logll § piana [y el G 9.09 kg J) wcliS Jas il 30 S
using a pitchfork. During one throw, the sheaf is launched straight up &gl ds yusy pttins JSy dajd) g3 saxlll deaJ) 38l plusaly
with an initial speed of 2.70 m/s. 2.70 m/s Lalane
a) What is the impulse exerted on the sheaf by gravity during the ) kel J) anyd! 4o Ll aild) adaulyy dajd) le Jsddl aa ! Lo (a
upward motion of the sheaf (from launch to maximum height) elis,) Lad] J) oY) dlais
b) Neglecting air resistance, what is the impulse exerted by gravity i) dasd) Ll duild) ddalsy Joind) gl Lo islog)) daglio Jalou (b
on the sheaf during its downward motion (from maximum height o, ¥l Loladaa! i plisy) juadl o) Jiwl J) L3S >
until it hits the ground)? e o)l haze s sl e ) LI ol plaial (c
c) Using the total impulse produced by gravity, determine how long ' dagl 3 dazdl

the sheaf is airborne.
' - ) Jiot = Favg At = —mgAt
a) ]y — m(vfy - viy)

-9 —_2. — _24.5N. —24.5+ (—24.5
J, = 9.09(0 — 2.70) 5N.s As Jeor _ ( ) _ 0.EE s
—mg —9.09 X 9.81

a) ]y — m(‘ny - viy)

Jy=9.09(-2.70—0) = —24.5N.s



7.30 An 83.0 kg running back leaps straight ahead toward the end
zone with a speed of 6.50 m/s. A 115 kg linebacker, keeping his feet
on the ground, catches the running back and applies a force of 900 N

bas g 3,800 le¥) ) 83.0 kg aaliS i s g ll) eI gy 7.30
S s il gl e cliag 6,50 M/S Lajlane e s dlgid) s

In the opposite direction for 0.750 s before the running back’s feet st s ‘U‘:SL"“ o1 g 900N g 5;93 Jiag g2l cuc I ]15 kg
touch the ground ) bl eI Load s o L3 0,750 8 sul a3 Le
a) What is the impulse that the linebacker imparts to the running back? L] e ) jeglall e T iy ) ! Lo (a
b) What change in the running back’s momentum does the impulse Srlel] eI 85> &S A jlaie § ada)l 5T L b
producel o ¥l olosd el Losice palgll e a8,> S L (c

: el < f )
c) What is the running back’s momentum when his feet touch the ground? et o il w85l e Jis 3 pl) el i (d

45‘,:- t.LqS J.:..._u é a;:gl‘ a..La-ng o‘g..a.jl u..ﬂ old J.l:u.u: J{.ﬁ ;ua_,BU PLﬁ‘l‘
byl e

d) If the linebacker keeps applying the same force after the running
back’s feet have touched the ground, is this still the only force acting
to change the running back's momentum?

a) ] = Fapy At J =—900x0.750 = —675 N.s

—675 N.s ey aalgall oM A4S 2 4paS i35 (b
¢) ] = py—pi=py—my;
pf=J]+mv; =—-675 +(83.0 X 6.50) = —135.5 kg.m/s
a0 e B a8 ddle Guaew AICiaY) 3 8 Sig8 (d



Ol

349 Ls:rg..:g .0.144 kg e aandly angldl d_L‘.Sg 3.70 m el ) e dnls agls (_5, daaw Janus
Jiad) dis Gady3 ol 6Sc i) el 35¥) ab) L iand) S ) 442 N Ld.m il
Cincd) oS3 o) s dsgld)

SOLVED PROBLEM 71 Egg Drop
—'

PROBLEM
An egg in a special conrainer is dropped trom a height of 3.70 m. The container and

egw together have a mass of 0.144 kg, A net force of 4.42 N will break the egg. What
is the minimum time owver which the egg/scontainer can come to a stop without

breaking the egg?

Ei = Ef
mgh; = %mvz Favg At = m(vyy — vyy)

4.42 x At = 0.144(8.52 — 0)
vy =/2gh=v2x9.81x3.70 = 8.52 m/s At = 0.278 s




0 1ol Apeailly 3 g8 JalSS (g guay dall
Jx = Apx Ly *
I t'i t'f Tt ] — j F dt
@) L

(e = 358ll) Aada Jiu) dalual) 5 glaws Bl o

r tha
r; [ &3 .&3 vy

(b)

A,

-

aziaal) a2aan (@) 7.3 (S S
ciasdl l)idesnatle aaalY JolBy sm () i)
Anal) A .usne e El) asts 838 (b)

iniall Jiul dalisall =adal



) il
] = %At W = Fdcos6
— alil g dgatia dgas Joadly (ali g Al d das
kg.m/s = N.s J=Nm ="2" = wis
ad 3 A il (g gy adal Qs ) ABUal) & aah (g gy ASH SR
T = Ap W = AK

] =4
Fopg At = m (vy—v;)

N2 o
F,.:dcosO = > m(vf — v;)

Cra 3l Apadtly B gil) JalSS (g gl adal)
., <
] =J F dt
i

i

A 30U Apuailly B g8 JalS g glowy Jical

Xf
sz F .dx
Xi

raia Jiaf daloall (5 gl adal)

rada Jial daluall (5 gl Jaid)

(il —548) (4139 — 3 681 )
d py dw
P = dt Fx = dx




.(2.0kg) mﬁggﬁs)ﬁﬂ\ﬁﬂ\&\ﬁﬁ&M\M\G&x

F, (Ny
GoSedl G 43S A 1 1) (48 ) () Lo g Al anal) A i )
30
], = Area
20
1
10 ]x=<i><2><30>+(2><30)=90N.s
0 > t ()
1
2 3 4 J = AP

Jx = m(vxf — Vyi)

90 = 2.0 X (Vy; — 0)

Vyr =45 m/s



tr=6.0(t; = 2.05) Gl ) a8 5 50al) 5AN Al cuual 1 Jlia
Fy = 2517 + 4413 5581 dalas
Al 3 581 JalS3 (g gluy @B} o
Bl
_ ir B
J =j F dt
t

i

6
J = f (25t% + 4.4t3)dt = 3141 N.S
2



ad 3l adal) 44 85 Jo gadas
&) o) A Al gl 3ol gl
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Iaw
%\ H DR Jaad 5 gAY il e Bal) e Jand e
~Evg / ! e clibay) JIB) Laa anad) 8 5 555al) 5 g8l
¢ TaaS b ) ) abal RS (e LaE Y o
.Fra MakeAGIF.com ( KSJAJ‘

v -

7.3 peplal) das) oo

J=> 1.3 doad ylead b et L_,Ijll_‘.l doanl] .3 Gilsasall Galass! gl 33550 o) o soaall o a3
-] p.._g_..:n_._]_ Al | I Y Ca ._.'fﬂ)—‘-” .d_‘*_-‘_g_q 1:||J-|_|..r:|."| g

3 5,550 agal Ll o3 ey asbaz)l (o) a;gj L) s, lewd) WlE 4 (m e odd) gaad) Julus (@
ayLewl) asle palall
paladll (LT a5l w8 o) o san 53l gdad) asly; (b

3 5,550 snl) Llis @ s paladdl g Julss (C
Byl sl

O5C A sadl ) el anlSs a3, (e
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1610m : :
36005~ 39-6m/s 7.31 A baseball pitcher delivers a fastball that crosses the plate at an

P angle of 7.25° below the horizontal and a speed of 88.5 mph. The ball
vy =102.7 X0 = 45.9m/  (of mass 0.149 kg) is hit back over the head of the pitcher at an angle
of 35.53" above the horizontal and a speed of 102.7 mph. What is the

magnitude of the impulse received by the ball}

Jx = Apx = Prx — Pix
» = 0.149 (45.9¢0535.53 — 39.6 cos(180 + 7.25)) = 11.4 kg.m/s

vi=88.5><

Vs
Jy = APy = Pry — Piy

]: = 0.149 (45.95in35.53 — 39.6 sin(180 + 7.25)) = 4.72 kg.m/s

Vi J = \/]x +]y ] = J(11.4)2+(4. 72)2= 12.34 kg. m/S
Lﬁ,;J:s) a,s_u a5 .88.5 mph Lo ,0® dc s L,J_sa.wl ,_gwu as) 7. 25“
Le,a® de s 0¥ ozl uj_gl 35.53° a_..gl,_, n_.._.:j.UI _,HIJ 355 (0.149 kg




#7.32 Although they don't have mass, photons—traveling at the eguall ey o Al bgigall p%5 LgaliS plassl e el Lo 7,320
speed of light-have momentum. Space travel experts have thought oLy )5 (e 2003 ods e s3land) § elaa)) J) o) ol ps 88 85> 2aS
of capitalizing on this fact by constructing solar sails-large sheets of )44y e cbggdl wlol Jos o _,ic lo o 808 gl = deeed dc
rr;a{]:rlall thar wmﬂc_l‘]dl.al;c-rk by ruf!lu:[erg plu]:lmns. ﬁll:::;E the nu;:;:s:m;um ) e 381 dhulgy ale 105 Jo wiw cuSaiin ogigall 1, a5
of the photon would be reversed, an impulse wou exerted on 3 g e g L6 Ll 20 e a0y Ji gt B s oplal g

it by the solar sail, and-by Newton's Third Law—an impulse would D . b 384 X 107 s b ) 0 ol
also be exerted on the sail, providing a force, In space near the Earth, gt S B G beisd S o> Loy oY 50 ol

about 3.84x10°" photons are incident per square meter per second, On 130 X 107 kg M/ axlyll igall &S, 2uaS il gl g &kl §
average, the momentum of each photon is 1.30x10™%" kg m/s. For a Jang gSdl iy e S > |5 1000 KQ Lol clead daw ) vl
1000. kg spaceship starting from rest and artached to a square sail i i) el 15 65 200 M el Job wje JS& Sle g0 Lo
20,0 m wide, how fast could the ship be moving after 1 hour? After o) ezl sl Lo Susly g any Sy Wi s Sausly delu yg,0 s g

| week! After 1 month? How long would it take the ship to artain a ey Loy Jols 8000 M/ Lajad ey J) Juat) o 13 it
speed of 8000. m/s, roughly the speed of a space shuttle in orbit?t = + at Soylaa § ot pliad gl
N = 3.84 x 10?1 x 207 Vi — v 8000
t = = =2x10%s = 63.4 year

N = 1.536 x 10** photon.s a  4x10°6
FAt = N(ps —p:i) = 2Np Vie=1n) = 4 X 107° x 3600 = 1.44 x 10~*m/s

F=2x%x1.536x10%*%x1.30x10"%7" =4 x 103N
F  4x%10-3 V(t=1week) = 4 X 107% x (3600 X 24 x 7) = 2.42m/s
X

a=—=—0 —= 4 x 10~ %m/s> V(¢=1monthy = 4 X 107% x (3600 x 24 x 30) = 10.4 m/s




sgunl) Aoy Ay ) bgigall (585 LgalsS alass) o i) le 7.32-

lo M5 o dmad) oda e solaiw¥) 3 clan)) J) jad) o) s S8 2S4S

s Lgele Sbgign)) GulSanl Joss o oS¢ aale cre 3,08 loll = Zewad de,

o) e, 2¥) Alawlss ade 18y Jds plew peSaiie ogeal) A5,> &S 5¥

g -393 aie gun Lo L) gl Gle aby Jdy prew (I (g osolal Lids

N = 3.84 x 10?1 x 207 e sis JS 3 bsish 3.84 X 107! Jlgs dani .om,¥) o yal) sl

1.30 X 10?7 kg M/s a>ls)) osisall 45,> 4:eS als . dawsal) 3 .2ol)) 3

N = 1.536 X 10%* pROLON. S Sz 055 ms 5o LiS,> 155 1000 KG LialsS clind G ) Gl
&)yt i) e ) 3115 65 .20.0 M aalas Jobo oo JS& e gt Lo

FAt = N(pf — pl) — ZNp o dewed) sal) Lo Sasly gl aay Taslg ﬁ_g_z_;.ul‘ A 54>y delw y9,0 aay Lo
de yw Loyas Jalss BO00 M/S La,ud dc pw ) o] 2o 19 6000

Yo, i slas &
F=2x1.536x10**x1.30%x 10?7 =4 x 103N BIRCI SSPRVINE: 5%

F 4x107°

_ _ -6 2
a=_=—; 05" =4x107°m/s Vie=1p) = 4 X 1076 x 3600 = 1.44 x 10~*m/s

V(t=tweek) = 4 X 1070 x (3600 x 24 x 7) = 2.42m/s

vy =v; +at /.
V(t=1monthy = 4 X 107® X (3600 x 24 x 30) = 10.4 m/s

t_vf—vi_ 8000
 a  4x10°°

=2x10%s = 63.4 year



senill e g3ses oz le 6.00 kg LzlsS Jlaball oo 5,5 coall 7.37--

200 kg 2640 N La,ud 33 5,9 Lle Hlad) Jio 0S4 3 nogo sa LS ccaldl J)
‘ aah dgmie ic o 200 KG LibiS aalad cousy) 0.100 S Layud aue 5ul
220 m/s 320 G asldl dslaall a3yl . 2 caiwl) e slel 32.0° 4505 10.0 m/s
6.00@—* «( B0 " il 28.0° a5)525 B.OO M/ La a3 agonie e s 100 Kg Liakis gl
é Sasllt)) aalaall dgouill el ils oS . u¥) gorall

100 kg F At = Ap, = m vy, — mvyy) "

—2640 x 0.100 = (2.00 x 10.0cos(180 — 32) + 1.00 x 8.00cos(180 + 28.0) + 3v3,) — 6.00 x 22.0
~264 = 3v, — 156 V2, = —36m/s
F,At = Ap,, = m vy, — mv;,,)
0=(2.00x%10.0sin(180 —32) + 1.00 x 8.00sin(180 + 28.0) + 3v,) — 0

V3y = —2.28R§ 6 = tan~! (2' 28) = 3.62°

Vs =+/362 + 2.282 = 36.1m/s 36
# =180 + 3.62 = 183.62°
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colS o) LS by AP go Jaladl) oS goalil) guball by 2s)) 3 7.35-

ad palacas Cos W auw) ull pasy Us s gz JS2I) pings -9 kb 1,8

oleaaall Jic (a052)) by 2SN a2 3) lia Hlas e Lislas (9 2SIY)

8.00 X 107 N a,ad a8 303 Yiw o) oS¢ cpal)) eedaal) ,aas ¥ oelil

dganil) e pud) 245 10 Gdape g ASIN OIS 15) by 2SI Le

Op 8),u¥) agl3e 45.0° 515 Jug Jladly ¥, = Oy v, = .00 X 10° m/s

Vsy i) 3al) Lo .90.0° golus
- acad¥) a9all Jio Lesd conm
X ) Jsosl Hudaznll (e

FAt = m(vgy, — v;y)

m( Ve, — V;
At — ( f};‘ ly)

Vix A 9.11 x 10731(1.00 x 10°tan15 — 0)
B 8.00 x 1013

=3.1x 10 14g




