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[1] Repres.ent a p{:nil_lt in one, two and three dimensional space in terms of its STUDENT TEXTBOOK 18

1 Cartesian coordinates.
[2] Represent a vector in terms of its components in Cartesian coordinates- FIGURE 1.15 18
in two, and three-dimensional space. FIGURE 1.25 22

v ]

iy {cm)

FIGURE 1.25 Calculating the angle

between two position vectors.
FIGURE 1.15 Representation of a point
P in a three-dimensional space in terms of

A =(400,2,00,5,00) cm and B = (450, 400, 3.00) cm @ SRy




Find the length and direction of a two-dimensional vector from its STUDENT TEXTBOOK 21
Cartesian components. Q.[1.99/1.100/1.102/1.104] 30

Vector Length and Direction

If wwe kinoww the component represencacion of a vecoor, how can we find its lergoh (mag-
nimde) and che direcrion it is pointing in? Lec's look ar the moss important Casse: a wecnor
in rwo dimensions. In two dimensions, a vector A can be specified uniquely by giving the
Do Cartesian components, A, and A, We can also specify the same vector by giving owo
orher nuntbers: its lengrh A ared its angle & with respect o the positive x-axis

Ler's take a look at Figure 1.23 1o see howw we can determine A and @ from A, and A
Figure 1.23a shows the graphical representarion of equarion 1.19. The wvector A is the sum
of the vectors A, % and .A_ ;. Since the unit vectors & and § are by definition crchogonal oo
cach ocher, ﬂaese wectors form a 90° angle. Thus, the three vecrors A A& and A, iy form
a right riangle wich side lengrhs A, A, and A, as shown in Figure 1. 23b.

Moww wwe can employw basic rrigonomenry to find & and A Using the Pythagorean

Theorem resulrs in
.-!|.=..|I|Af+.-!|.:,_ {1200

WAde can find che angle & from the definition of the tangent funcoion

d=rtan " o i (1.21)
AI
. . A
In using equarticon 1.21, you must be careful thar & is in the correct guadranc. We can Ay
also inwverr equations 1. 20 and 1.21 to abrain che Carresian components of a vecoor i
of given lengrh and direccioas: A,
A=A cos 8 (1.22) CE=)
FIGURE 1-23 Length and direction of &
= 1.235
Aﬂl‘ P =i - « ) vactor. {g8) Cartesian components A, and 40
Yo will encounter These rigonomertric relations again and again chroughour intro- (&) lengih A and angle 2

ductory phwvsics. If vou need o refamiliarize yourself with wrigonomecry, consulc che
machemarcics primer prowvided in Apperndisx A




9 Find the length and direction of a two-dimensional vector from its STUDENT TEXTBOOK 21
Cartesian components. Q. [1.99/1.100/1.102/1.104] 30
1.99 Sketc e vectors wi e components A ={Ax, Ay) = .0m, -50.0 m) and

B = (Bx, By) =(-30.0 m, 50.0 m), and find the magnitudes of these vectors

1.100 What angle does A = (Ax, Ay) = (30.0 m, -50.0 m) make with the positive x-axis?
What angle does it make with the negative y-axis?



9 Find the length and direction of a two-dimensional vector from its STUDENT TEXTBOOK 21
Cartesian components. Q. [1.99/1.100/1.102/1.104] 30
1.102 What angle does B = (Bx, By) = (30.0 m, 50.0 m) make with the positive x-axis?

What angle does it make with the positive y-axis?

1.104 Find the magnitude and direction of - A + B, where A =(23.0, 59.0), B =(90.0, -150.0).



STUDENT TEXTBEOOK 21,23
EXAMPLE 1.5 / Q.1.80/Q1.103 22 / 29/30

3 Find the angle between two position vectors in the cartesian coordinates.

Scalar Product of Vectors

Above we saw how to multiply a vecrtor with a scalar. Now we will define one wavw
of mulriplving a vector with a vector and obtain the scalar produwuct. The scalar
product of two vectors A and B is defined as

om

AeB = |fh| |§| COS c¥, (1.24)

Scalar Product for Unit Vectors. On page 26 we introduced unit vectors in the
three-dimensional Cartesian coordinate system: X = (1,0,0), § = (0,1,0), and 2 =
(0,0, 1). With our definition (1.25) of the scalar product, we find

Xex=pgej=2ze2=1 (1.30) Self-Test Opportunity 1.1
and Show that equations 1.30 and 1.31 are
Xejj=xXez=[ez=0 correct by using equation 1.25 and the
(1.31) definitions of the unit vectors.

fjex —=zex=z*=0

Now we see why the unit vectors are called that: Their scalar products with them-

selves hawve the value 1. Thus, the unit vectors have length 1, or unit length, according

to equation 1.27. In addition, any pair of different unit vectors has a scalar product that

is zero, meaning that these vectors are orthogonal to each other. Equations 1.30 and

1.31 thus state that the unit vectors X, §j, and Z form an orthonormal set of vectors,
which makes them extremely useful for the description of physical systems.



STUDENT TEXTBOOK 21,23

Find the angle between two position vectors in the cartesian coordinates.
EXAMPLE 1.5 / Q.1.80/Q1.103 22 / 29 /30

AeB=(A, A, A )*(B,.B,. B,)=A_B, + A,B, + A_,B,.
A =B — B-_A.

A-B=|A| |E|-:-:::5cz=.‘==—-l::-|::|-5cr— r— — = ox — COos — — -
=] 5] =] 5]
Seormretrical fnterpretaotion of tfre Scolfor Prodorcit. I the definition of the scalar
product A - B — |E| |§| Cos e (eduiation 1 _ 2}, "we Car interpret |_._-'—‘h-| cos o as  the

projecrion of rthe wecror A onto the wector F=3 (Figure 1. 2&Sa). Im cthis drawwing, the
lirae= |..-3h| cos e is rotated by 90 oo show thhe geomertrical imrterprecation of cthe scalar

produact as the area of a recrangle wicth sides |_-'—‘h| COS ow arncl |E| - Iy thhe sarme wwanw,. we Car
inrterpret | B cos o as the projecrion of the wvecror B onto the wvector A and construact a

recraryggle wawith side lengrhs |§| COS o arcl |4._='—‘h-| (Figure 1 _2ab)). The arcas of cthe twvwwo wellosar
rectangles in Figure 1.25 are idencical armnd are eqgual to cthe scalar produact of the twwo
wvectors A arnd B.

Fimnally., if wawe subsrtituce from eguatiorn 1. 28 for the cosime of the angle berrweasrn
che Two wecrtors, the projection |A| cos o of thhe wvwector A onoo the wvectoor B can be

RATAITCDETYL as

| B cosa = |&| 2B _ A=B
|| |5 |5
armnd cthe projectior |E| cos cx of the vecror B onto the vector A can be expressed as

-

|B| cos o — A= B
4]




_ N _ _ _ STUDENT TEXTBOOK 21,23
3 Find the angle between two position vectors in the cartesian coordinates.
EXAMPLE 1.5 / 2.1.80/0Q1.103 22 / 29 /30
Vector Product x> = 2
The vector product (or cross product) between two vectors A =(A,, A, A;) and Q "
B=(B,,B, B,) isdefinedss _ . N
C=AxB e = £j.
C,=AB, =AB, _ i
C,=AB, —AB (132) - =1 =
i 2y -z .
€, =ABy =AB,. ‘d o ‘A‘ ‘ IB| sin &.

FIGURE1.26 Geometrical
interpretation of the scalar product

as an area. {3 The projection of 4 anto B.
(b The projection of & onto A.




STUDENT TEXTBOOK 21,23
EXAMPLE 1.5 / Q.1.80/Q1.103 22 / 29/30

3 Find the angle between two position vectors in the cartesian coordinates.

.
EXAMPLE 1.5 [ Angle Between Two Position Vectors
—
PROELEM
What is the angle a berween the two position vectors shown in Figure 1.25,
A = (4.00,2.00,5.00) ¢cm and B = (4.50, 4.00, 3.00) crm?
zs(cm)
= A
44
y (cm)

FIGURE 1.25 Calculating the angle

between two position vectors.



_ N _ _ ) STUDENT TEXTBOOK 21,23
3 Find the angle between two position vectors in the cartesian coordinates.
EXAMPLE 1.5 / Q.1.80/Q1.103 22 / 29 /30
1.80 Express the vectors A =(Ax, Ay)=(-30.0 m,-50.0 m) and B =(Bx, By) =(30.0 m, 50.0 m)

by giving their magnitude and direction as measured from the positive x-axis

1.103 Find the magnitude and direction of each of the following vectors, which are given in
terms of their x- and y-components: A =(23.0, 59.0), and B =(90.0, -150.0)



[1] Multiply a vector with a scalar. STUDENT TEXTBOOK 20

[2] Add or subtract vectors using Cartesian components. Q.[1.76/1.79/1.105/1.106] 29

Multiplication of a Vector with a Scalar

what is A+ A + A7 If vour answer to this guestion is 3.4, vou already understand
mulriplving a vecrtor with a scalar. The vector thar resulcs from mulriplyving the wvector A
withh the scalar 3 is a vector thart points in the same direcrion as the original wvecrtor A
burt is 3 times as long.

Mulriplicarion of a wvector with an arbitrary positive scalar—thar is, a positive number—
resulrs in another vector that points in the same direcrion but has a magnitude thart is
the product of the magnitude of the original vector and the wvalue of the scalar. Mhiul-
tiplicarion of a vector bv a negartive scalar results in a vector pointing in the opposite
directrion to the original wirth a magnitude thart is the product of the magnitude of the
original vecrtor and the magnitude of the scalar.

Again, the component notation is useful. For the mulriplicarion of a wvector A

withh a scalar =, we obtain:
E=s,2i=5(AH,AH,AE}=(5AK,s.qy,s.qz}- (1.15)

In ocher words, each component of the wvecror A is mulriplied bw the scalar in order
o arrive atr the components of the product wvecrtor:

E, =s5A_
x=(1,0,0) E, =sA, (1.16)
E, =s542,.

Unit Vectors y5=(0,1,0)
z=(0,0,1).



4 [1] Multiply a vector with a scalar. STUDENT TEXTBOOK 20
[2] Add or subtract vectors using Cartesian components. Q. [1.76/1.79/1.105/1.106] 29
1.76 Find the vector C that satisfies the equation3"x +6°y-10"z+C =-7"x+ 14"y

«1.79 Find the magnitude and direction of (a) 9B — 3.A and
(b) —5.4 + 8B, where A = (230, 59.0). B = (90.0, — 150.0).



[1] Multiply a vector with a scalar. STUDENT TEXTBOOK 20
[2] Add or subtract vectors using Cartesian components. Q. [1.76/1.79/1.105/1.106] 29

1.105 Find the magnltu-:le and direction of —5A + B . where

m

A = (23.0, 59.0), B = (90,0, —150.0).

1.106 Find the magnltu-:le and direcrion of —7B + 3A , where

B

A= (230, 59.0), B = (90.0, —150.0).



5 [2] Calculate the average speed & average velocity.
[3] Given a graph of a particle’s position versus time, determine the EXAMPLE (2.1, 2.2) 38,39
instantaneous velocity for any particular time.

[1] Calculate the speed as the magnitude of instantaneous velocity. STUDENT TEXTROOK 76-39

Q. [2.31/2.32/2.33] 61

[ )]

IGIURE 2.F Graph of the position x and
Hlacily v, a5 a functicn of the time . The
aope of the dashed line represents the
serage welocity For the time intersval feom
b 10 =,

ExamrLE 21 | Time Dependence of Velocity

PROEBLEM
During the timme incterval from 0.0 to 100 s, the position vecoor of a car on a road is given
byv atd = a + br + -:'E'!, with @ = 1 7.2 mn b = —10.1 mss, and c = 1.10 m s~ Whart is the

cars wvelocity as a funcrion of titne? Wwhart is the car's average wvelocioy during chis inverwal?

SOLUTIOMN
According oo the definition of velocioy in equation 2.6, we simply take the time derivartcive
of the position wecoor function oo arrive ac our solution:

p, = %:%{a 4+ Bbr + ct2)=b 4+ Per = — 101 mAs 4+ 2 - {1.10 s,
It is instructive o graph this solution. In Figure 2.7, the position as a funcrion of ctme
i= shown in blue, and the wvelocity as a funcrion of time is shown in red. Indcially, the
welocity has a value of —10.1 s, and ac © = 10 5, the velocity has a value of +11.9 mss.
rNove thar the welocity is indtially negartive, is zero at 2459 5 (indicarved by the wertical
dashed line in Figure 2. 7). and then is positive after 459 5 40 r = 4 .59 5, the position graph
) showws an extrermun (a minimun in this case) just as expecred from calculuas, since

[ i _ | [ — 101 s
I:ﬁ—'— Enl'_'tu = O = Lo ——E = _lzﬂmf‘rsz
From the definiton of average velocity, we know thar to derermine the average welocioy duoar-
ing a dme inrerval, we need o subtract the position ar the beginning of cthe inverval from the
position at the end of the interval. By insercdng ¢ = O and ¢ = 10 s into the eqguadrion for the
position wector as a funcrion of tirme, we ohmmin ao = 0) = 172 m and xe = 10 s5) = 262 o
Therefore,

= 4 59 5

Mo = x(e =10 — e =0) = 2Z26.Z m — 1 7.2 mn = 9.0 .
We then obtain for the average welocity ower this titme intervwval:

= — e 20 1
- Fas 10 =

The slope of the green dashed line in Figure 2.7 is the average velocioy ower this titne inrterval.

= O 1rSs.

|




[1] Calculate the speed as the magnitude of instantaneous velocity. STUDENT TEXTROOK 76-39
[2] Calculate the average speed & average velocity.

[3] Given a graph of a particle’s position versus time, determine the EXAMPLE (2.1, 2.2) 36,39
instantaneous velocity for any particular time. Q. [2.31/2.32/2.33] b1
EXAMPLE 2.2 | Speed and Velocity Concept Check 2.3
- - The speedometer in your car shows
Suppose a swimmer completes the first 50 m of the 100-m freestyle in 38.2 s. Once she reaches
the far side of the 50-m-long pool. she turns around and swims back to the start in 42.5 s a) average speed.
b) instantaneous speed.
PROBLEM _
What are the swimmer's average velocity and average speed for (a) the leg from the €) average displacement.
start to the far side of the pool, (b) the return leg, and (c) the total lap? d) instantaneous displacement.

FIGURE 2.9 Choosing an x-axis in a

swimming pool.



[1] Calculate the speed as the magnitude of instantaneous velocity. STUDENT TEXTEROOK 76-39

5 [2] Calculate the average speed & average velocity.

[3] Given a graph of a particle’s position versus time, determine the EXAMPLE (2.1, 2.2) 38,39
instantaneous velocity for any particular time. Q. [2.31/2.32/2.33] 61

2.31 Running on a 50-m by 40-m rectangular track, you complete
one lap in 100 s. What is your average velocity for the lap?

2.32 An electron moves in the positive x-direction a distance of 2.42 m in 2.91 x 10-8 s, bounces off
a moving proton, and then moves in the opposite direction a distance of 1.69 min 3.43 x 10-8 s.

a) What is the average velocity of the electron over the entire time interval?

b) What is the average speed of the electron over the entire time interval?



[1] Calculate the speed as the magnitude of instantaneous velocity. STUDENT TEXTBOOK 76-39

5 [2] Calculate the average speed & average velocity.

[3] Given a graph of a particle’s position versus time, determine the EXAMPLE (2.1, 2.2) 38,39
instantaneous velocity for any particular time. Q. [2.31/2.32/2.33] 61

2.33 The graph describes the position of a particle in one dimension as a function of time.

a) In which time interval does the particle have its maximum speed? What is that speed?

b) What is the average velocity in the time interval between -5 s and +5 s? x(e) (m)

c) What is the average speed in the time interval between -5 s and +5 s?

d) What is the ratio of the velocity in the interval between 2 s and 3 s to
the velocity in the interval between 3 s and 4 s?

e) At what time(s) is the particle’s velocity zero?




FIGURE (2.7, 2.16) (38,45)

6 [1] Interpret motion of an object from its position-time graph.
[2] Interpret the motion of an object from a velocity-time graph. Q. [2.12/2.15/2.26/2.33/ 29,60,
2.42/2.51] 61,62

- ”.'l.'
iy
e (s) *1
0 f
FIGURE 2.7 Graph of the position x and
velocity v, as a function of the time t. The FIGURE 216 The acceleration, velacity,

slope of the dashed line represents the . @
average velocity for the time interval from and dlEl]lEI[E'FI'IE'I'It of the |3I|-EIFIE' before

0to10 s. takeoff.



_ _ L FIGURE (2.7, 2.16) (38, 45)
6 [1] Interpret motion of an object from its position-time graph.
[2] Interpret the motion of an object from a velocity-time graph. Q. [2.12/2.13/2.26/2.33/ 29,60,
2.42/2.51] 61,62

E
2.12 The figure describes the position of an object as a function of =
time. Which one of the following statements is true?
-~
1k
3l
E 2 E 0 1 L Lo
= = 0 1 2 3 4 5
= t(s)
1L
-1k
|:| 1 [] 1 1 [ 1 1 1 1 [ 1 1 | 1 [] 3o
0 1 2 3 4 5
t(s) -2

3) The posirion of the abject is constanr. This figure describes the position of an object as a function of time.

b} The velocity of the object is constant. Refer to it to answer Questions 2.13-2.16.

c) The object moves in the positive x-direction until ¢t = 3 5, and

o _ 2.13 Which one of the following statements is true at t = 1 s?
then the object is at rest.

d)} The object’s position is constant until t = 3 5, and then the object a) The x-component of the velocity of the abject is zero.
begins to move in the positive x-direction. b) The x-component of the acceleration of the object is zero.
e) The object moves in the positive x-direction fromt =0tot =35 ) The x-component of the velocity of the object is positive.

and then moves in the negative x-direction fromt =3 st t=5s. d) The x-component of the velocity of the object is negative.



[1] Interpret motion of an object from its position-time graph.
[2] Interpret the motion of an object from a velocity-time graph.

FIGURE (2.7, 2.16)

(38, 45)

Q.[2.12/2.15/2.26/2.33/
2.42/2.51]

59,60,
61,62

2.26 A car moves along a road
with a constant velocity. Starting at
time t = 2.5 s, the driver acceler-
ates with constant acceleration. The
resulting position of the car as a function of time is shown by the blue
curve in the figure.

A
80

&0 |
=
-

a0}

20} : e

1 I 1 1 -
% 25 s 7.5 10

r (s)
a) What is the value of the constant velocity of the car before 2.5 s

(Hint: The dashed blue line is the path the car would take in the absence
of the acceleration.)

b) What is the velocity of the car at ¢t = 7.5 s? Use a graphical technique
(i,e, draw a slope).

<) What is the value of the constant acceleration?




FIGURE (2.7, 2.16) (38,45)

6 [1] Interpret motion of an object from its position-time graph.

[2] Interpret the motion of an object from a velocity-time graph. Q. [2.12/2.13/2.26/2.33/ 29,60,
2.42/2.51] 61,62

2.33 The graph describes the position of a particle in one dimension as a function of time.

a) In which time interval does the particle have its maximum speed? What is that speed?
b) What is the average velocity in the time interval between -5 s and +5 s?
c) What is the average speed in the time interval between -5 s and +5 s?
d) What is the ratio of the velocity in the interval between 2 s and 3 s to
the velocity in the interval between 3 s and 4 s?
e) At what time(s) is the particle’s velocity zero?




FIGURE (2.7, 2.16) (38,45)

6 [1] Interpret motion of an object from its position-time graph.

[2] Interpret the motion of an object from a velocity-time graph. Q [2.12/2.13/2.26/2.33/ 29,60,
2.42/2.51] 61,62

2.42 A fellow student found in the performance data for his new car I
the velocity-versus-time graph shown in the figure.

I1

111 |

0 : =
o 2 4 6 & 10 12 14 16 18 20 22 24 26
K (s}

a) Find the average acceleration of the car during each of the segments [,
II, and IIL

b) What is the total distance traveled by the car fromt = 0 s tot = 24 s?

—_— = - - s = = - - | -



nterpret motfion of an object Irom 1ts position-time graph.
g | [l ion of an object from its position-ti h
nterpret motion of an object from a velocity-time graph.
2]1 the motion of an object fr locity-ti h

FIGURE (2.7, 2.16) (38,45)
Q.[2.12/2.13/2.26/2.33/ 59,60,
2.42/2.51] 61,62

#2.51 A car is moving along the x-axis and its velocity, v,, varies
with time as shown in the figure. If x;, = 2.0 m at t; = 2.0 s, what is
the position of the car at t = 10.0 s?

A
24 b




[1] Interpret motion graphs for objects under free fall. STUDENT TEXTBOOK 20-24

7 [2] Apply the constant-acceleration equations to free-fall motion FIGURE (2.27 , 2.28) 24
Q. [2.66/2.67/2.69] 63
2.8 [Free Fall __ Concept Check 2.8 Concept Check 2.7
Concept Check 2.9 N - A od
- pll s thrown upward with a spe Throwing a ball straight up into the
’ ; ’ . . If the reaction time of person B ¥, as shown in Figure 2.24. The ball air provides an examnole of free-fall
sa 4 determined with the meter stick reaches a maximum height of y = h. FI ) P
method is twice as long as that of What is the ratio of the speed of the motion. At the instant the ball reaches
1 person A, then the displacement fig ball, v,, at ¥ = h/2 in Figure 2.24b, to its maximum height, which of the
h bt e nt il measured for person B in terms of the the initial upward speed of the ball, v,, following statements is true?
- 5 2 displacement h, for person A is at y = 0 in Figure 2.24a?
a) The ball's acceleration vector
a) hg = 2h,. a) vilvy =0 - : .
points down, and its velocity vector
L b hle LS. b) hg = < h,. b) w,fv, = 0.50 points up.
l l o) hy = 2h,. <) vafv, =0.7 b) The ball's acceleration is zero, and
_ = its velocity vector points up.
0@ 0 of 0 ) d) hg = 4. d) vplv, =0.75 y P .
; e} hg= \Ehh- e) vilv, = 0.90 ¢) The ball's acceleration vector points
@ © “ @ @ up, and its velocity vector points up.

d) The ball's acceleration vector points

Rl a
FIGURE 2.24 The velocity vector Reaction Time down, and its velocity is zero.

and acceleration vector of a ball thrown
straight up in the air. (a) The ball is initially PROBLEM

thrown upward at y = 0. (b) The ball going . . . . .
upward at a height of y = h/2. () The ball Il the meter stick falls 0.20 m before you catch it, what is your reaction timel

at its maximum height of y = f. (d) The ball
coming down at y = A2, (e) The ball back
at y = 0 going downward.

e) The ball's acceleration vector points
up, and its velocity is zero.

f) The ball's acceleration is zero, and
its velocity vector points down.




[1] Interpret motion graphs for objects under free fall. STUDENT TEXTBOOK 20-54

7 [2] Apply the constant-acceleration equations to free-fall motion FIGURE (2.27 , 2.28) 24
Q. [2.66/2.67/2.69] 63
2.8 Free Fall SOLVED PROBLEM 2.5 | Melon Drop
T —
~ above b Suppose yvou decide o drop a melon from rest from the first observartion platform of
60 £ rthe Eiffel Tower. The inirial heighr /i from which the melon is released is 58.3 m abowve
the head of vour French frien aled, who is standing on the ground right below vouw.
50 L he head of v h fi d Khaled h ding he g d right bel by
Ar the same instanrt yvou release the melon, Khaled shoors an arrow straight up with
40 k- an initial velocity of 25.1 m/s. (Of course, Khaled makes sure the area around him is
E cleared and gets out of the way quickly after he shoorts his arrow.)
=301 s----
N PROBLEM
20r Ha\ (a) How long after you drop the melon will the arrow hit it? (b) At whart height above
10k Khaled's head does this collision occur? .
[‘: 1 1 1 1 1 1 - B o 5 — 58.3 m -
0 05 1 15 2 25 3 Ym(t) =h — gt L, = S1mis 232271 s
Yo (£) = vyt — L gr°. :
The key insight is thar at ¢, the moment when the melon and
arrow collide, their coordinares are idenrtical: I 2 2
(6 = g (6 Uy () =583 m = S(9.81 m/s°)(232271 )" = 31.8376 m.
- SIMPLIFY Inserting r. into the two equations of motion and
% — -_i I (3] setting them equal resulzu in . (i) B =i, + Dyal — %grz
—104 h — %gtr = Uypnte — %Q'I,_- = .. _
o (ii) Y=y, + D,
—20 + —_— UﬂDrc' =
~~ee L = h (iii) D, = Dys — gC
—30 Usn . — '
S (iv) o, = (D, + vye)
FIGURE 2.28 Velocities of the arrow (red curve) and melon U (fe) = — (9.81 m/s™}2.32 s) = — 22.8 m/s 2 _ 2 o _
N . (v uy Uyq:. gy yu}
(green curve) as a function of time. _

p,(r.)=(25.1 m/s) — (9.81 m/sZN2.32 s) = 2.34 m/s. . _ . i _ . .



[1] Interpret motion graphs for objects under free fall. 2.8 Free Fall STUDENT TEXTBOOK 20-24

7 [2] Apply the constant-acceleration equations to free-fall motion FIGURE (2.27 , 2.28) 24
Q. [2.66/2.67/2.69] 63

2.66 A ball is tossed vertically upward with an initial speed of 26.4 m/s.
How long does it take before the ball is back on the ground?

2.67 A stone is thrown upward, from ground level, with an initial
velocity of 10.0 m/s.

a) What is the velocity of the stone after 0.50 s?

b) How high above ground level is the stone after 0.50 s?

2.69 A ball is thrown directly downward, with an initial speed of 10.0 m/s, from a height of
50.0 m. After what time interval does the ball strike the ground?



STUDENT TEXTBOOK 42-43

8 Determine an object's change in velocity by the area under the curve in an
acceleration versus time graph. FIGURE (2.13) 43
Q. [2.48/2.53] 62
2.6 Finding Displacement and Velocity from Acceleration
w,(r)
The fact that integration is the inverse operation of differentiation is known as the '1.[

Fundamental Theorem of Calculus. It allows us to reverse the differentiation process
leading from displacement to velocity to acceleration and instead integrate the equa-
tion for velocity (2.6) to obtain displacement and the equation for acceleration (2.13)
to obtain velocity. Let's start with the equation for the x-component of the velocity:

dx(r)

v, (t) = @ =%

fux(t-)d:-=fd"§(t‘.') de' = x(t)— x(t,) =

lO l()

x@©=x, + [, @)dr" (2.14)

a, (1) = P

[ac@)yde = %d’t'=ux{[} — b (tg) =
L L

o (L) = v, o + fﬂx(['}dr'_
Epn

Area = pft) — by

(b)

FIGURE 213 Geometrical interpretation
of the integrals of (a) velocity and (b)
acceleration with respect to time.



: . : : ) STUDENT TEXTBOOK 42-43
Determine an object's change in velocity by the area under the curve in an
FIGURE (2.13) 43
62

acceleration versus time graph.

Q. [2.48/2.53]

2.48 A car moving in the x-direction has an acceleration a, that
varies with time as shown in the figure. At the moment ¢ = 0.0 g, the
car is located at x = 12 m and has a velocity of 6.0 m/s in the positive

x-direction. What is the velocity of the car at t = 5.0 s?

A
5.0F

eo” 1




Determine an object's change in velocity by the area under the curve in an
acceleration versus time graph.

STUDENT TEXTBOOK 42-43
FIGURE (2.13) 43
Q. [2.48/2.53] 62

#2.53 A motorcycle starts from rest and accelerates as shown in the
figure. Determine (a) the motorcycle’s speed at t = 4005 and at t = 140 %
and (b) the distance wraveled in the first 140 s

A
f
5
A =
=
a2
ERRt
R
. 0 : = (s)
= 4k 2 4 & & 10 1 W 16
2+
3k
-4 it
-5 L




[1] Call:u_late 2 particle’s Eha!]ge in velocity by integrating its acceleration STUDENT TEXTBOOK 49
9 function with respect to time.
[2] Ealcu_late Efparﬁcle’s cha!]ge in position by integrating its velocity Q. [2.49/2.50] 62
function with respect to time.

2.49 The velocity as a function of time for a car on an amusement park ride is given as
v = At2 + Bt with constants A =2.0 m/s® and B = 1.0 m/s?
If the car starts at the origin, what is its positionatt=3.0s ?

2.50 An object starts from rest and has an acceleration given by a = Bt? - 12Ct, where
B=2.0m/s* and C=-4.0 m/s3

a) What is the object’s velocity after 5.0 s?

b) How far has the object moved aftert =5.0 s?



10 to each other at constant velocity and along a single axis.

to each other at constant velocity and in two dimensions

[1] Apply the relationship between a particle’s position, velocity, and
acceleration as measured from two reference frames that move relative

[2] Apply the relationship between a particle’s position, velocity, and
acceleration as measured from two reference frames that move relative

STUDENT TEXTBOOK 80
EXAMPLE 3.3 81
EXAMPLE 3.4 82

Q. [3.63] 88

3.6 Relative Motion

To study motion, we have allowed ourselves to shift the origin of the coordinate system
by propetly choosing values for x; and y,. In general, x;, and i, are constants that can be
chosen freely. If this choice is made intelligently, it can help make a problem more manage-
able. For example, when we calculated the path of the projectile, y(x), we set x, = 0 t©
simplify our calculations. The freedom to select values for x;, and y,, arises from the fact that
our ability to describe any kind of motion does not depend on the location of the origin
of the coordinate system.

So far, we have examined physical situations where we have kept the origin of the
coordinate system at a fixed location during the moton of the object we wanted to con-
sider. However, in some physical situations, it is impractical to choose a reference system
with a fixed origin. Consider, for example, a jet plane landing on an aircraft carrier that is
going forward at full throttle at the same time. You want to describe the plane’s motion in
a coordinate system fixed to the carrier, even though the carrier is moving. The reason why
this is important is that the plane needs to come to rest relative to the carrier at some fixed
location on the deck. The reference frame from which we view motion makes a big differ-
ence in how we describe the motion, producing an effect known as relative velocity.

Another example of a situation for which we cannot neglect reladve motion is a
transatlantic flight from Detroit, Michigan, to Frankfurt, Germany, which takes 8 h and
10 min. Using the same aircraft and going in the reverse direction, from Frankfurt to
Detroeirt, takes 9 h and 10 min, a full hour longer. The primary reason for this difference is
that the prevailing wind at high aldtudes, the jet stream, tends to blow from west to east
at speeds as high as 67 m/s (150 mph). Even though the airplane’s speed relative to the
air around it is the same in both directions, that air is moving with its own speed. Thus,
the relationship of the coordinate system of the air inside the jet stream to the coordi-
nate system in which the locations of Detroit and Frankfurt remain fixed is important in
understanding the difference in flight times.

For a more easily analyzed example of a moving coordinate system, let’s consider
motion on a moving walkway, as is typically found in airport temminals. This system is an
example of one-dimensional relative motion. Suppose that the walkway surface moves with
a certain velocity, v, relative to the terminal. We use the subscripts w for walkway and
t for terminal Then a coordinate system that is fixed to the walkway surface has exacty
velocity v, relative to a coordinate system attached to the terminal The man shown in
Figure 3.17 is walking with a velocity v, as measured in a coordinare system on the walk-
way, and he has a velocity v, = v, T U, With respect to the terminal. The two velocities
D, and v, add as vectors since the corresponding displacements add as vectors. (We will
show this explicitly when we generalize to three dimensions) For example, if the walkway
moves with u,, = 1.5 m/s and the man moves with v, = 20 m/s, then he will progress
through the terminal with a velocity of v, = v, + v, = 20 m/s + 1.5 m/s = 3.5 m/s.

One can achieve a state of no motion relative to the terminal by walking in the direction
opposite of the motion of the walkway with a velocity that is exactly the negative of the
walkway velocity. Children often try to do this. If a child were to walk with v, = —15 m/s
on this walkway, her velocity would be zero relative to the terminal.
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[1] Apply ﬂ'll—‘:! relationship between a particle’s position, velocity, and _ STUDENT TEXTBOOK 30
acceleration as measured from two reference frames that move relative

10 to each other at constant velocity and along a single axis.
: . _ .. . EXAMPLE 3.3 a1
[2] Apply the relationship between a particle’s position, velocity, and
i . EXAMPLE 3.4 82
acceleration as measured from two reference frames that move relative Q. [3.63] ag

to each other at constant velocity and in two dimensions

P
|

EXAMPLE 3.3 | Airplane in a Crosswind

F
Airplanes move relative to the air that surmrounds them. Suppose a pilot points
his plane in the northeast direction. The airplane moves with a speed of 160. m/s
relative to the wind, and the wind is blowing at 32.0 m/s in a direction from east
to west (measured by an insoument art a fixed point on the ground).

PROBLEM
Whart is the velocity vector—speed and direction—of the airplane relative to the
ground? How far off course does the wind blow this plane in 2.0 h?

— — — i
UP'E = Upw =+ uwg . airplane FIGURE 319 Velocity of an airplane with respect to
the wind (yellow), the velocity of the wind with respect

is the velocity of the plane with respect to the wind and has these components: 1o the ground (orange), and the resultant velocity of the
Dpw,x — upw cos E} =1&0 m,a"'s - Cos45° =113 m;s airplane with respect to the ground (green).

Here D,

Doy = Upw SINE =160 m/s - sin45° =113 m/s. - b, — «,,I'rﬂﬁg,x + v, =139 m/ss
I gy e = — 32 WS 8 — tam—! ::pg,y }_ S4.40.
¥y oy = O . L
Dng x = Ppuex + Dyug x — 113 Mv's — 32 mys/s = 81 m/s = | _|= ‘ _ _
b — 0 . oD 113 s, F1| = Dy |t = 320 m/$x7200 s = 2304 km.
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[1] Apply ﬂ'll? relationship between a particle’s position, velocity, and _ STUDENT TEXTBOOK 30
acceleration as measured from two reference frames that move relative

10 to each other at constant velocity and along a single axis.
;o JSonsast . EXAMPLE 3.3 81
[2] Apply the relationship between a particle’s position, velocity, and
. . EXAMPLE 3.4 82
acceleration as measured from two reference frames that move relative Q. [3.63] ag

to each other at constant velocity and in two dimensions

EXAMPLE 3.4 | Driving through Rain | Concept Check 3.8
Lets supppose rain is falling smraight down on a car, as indicated by the white lines in It is raining, and there is practically
Figure 3.20. A stationary observer outside the car would be able to measure the velocities no wind. While driving through the

of the rain (blue arrow) and of the moving car (red arrow).

However, if you are sitting inside the moving car, the outside world of the stationary ob- rain, you speed up. What happens to

server (including the street, as well as the rain) moves with a relative velocityof 6 = — 0_,,. The the angle of the rain relative to the
velocity of this relative motion has to be added to all outside events as observed from inside the : P
moving car. This moton results in a velocity vector &°,,;,, for the rain as observed from inside the honzontal that you observe from inside
moving car (Figure 321); mathematically, this vector isasum, 5'.;,, = Dy — Dear» Where &,
and b,

car

the car?
are the velocity vectors of the rain and the car as observed by the stationary observer. ‘ Vi

a) Itincreases.
’ b) It decreases.

c) It staysthe same.

d) It can increase or decrease,
depending on the direction in which

FIGURE 3.20 The velocity vectors of a moving FIGURE 3.21 The velocity vector drivi
car and of rain falling straight down on the car, as i;',,i, of rain, as observed from inside the you are arnving.
viewed by a stationary observer. moving car. J
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[1] Apply tht!l,- relationship between a particle’s position, velocity, and _ STUDENT TEXTBOOK 30
acceleration as measured from two reference frames that move relative
10 to each other a.t cﬂn?tant velocity ﬂnd.alujng a E.H.]gle axis. EXAMPLE 3.3 a1
[2] Apply the relationship between a particle’s position, velocity, and
i . EXAMPLE 3.4 82
acceleration as measured from two reference frames that move relative
. . ames Q. [3.63] 88
to each other at constant velocity and in two dimensions

3.63 You are walking on a moving walkway in an airport. The length of the walkway is 59.1 m. If your
velocity relative to the walkway is 2.35 m/s and the walkway moves with a velocity of 1.77 m/s,
how long will it take you to reach the other end of the walkway?




STUDENT TEXTBOOK 68-78

11 Calculate the particle’s position, displacement, and velocity at a given
instant during the flight given the launch velocity MCQ. (3.1/3.2/3.4/3.6/3.10 87
3.11)

3.1 An arrow is shor horizoncally wich a speed of 20. mss rom che
rop of a tower &0, m high. The time o reach the ground will be

ay) 8.9 =5 )} 35 =5 ) 1.0 =
b)) 7.1 =. d) 2.6 5.

3.2 A projectile is launched from the top of a building wirth an inicial
velocivy of 300 mys at an angle of 60.0° abowve the horizontal. The
magnitude of its velocity at £ = 5.00 s afrter the launch is

a) —23.0 m/s. c) 15.0 mss e) 50.4 mss.

bB) 7.3 m./s. d) 27.5 m/'s.



STUDENT TEXTBOOK 68-78

MCQ. (3.1/3.2/3.4/3.6/3.10
3.11) 81

11 Calculate the particle’s position, displacement, and velocity at a given
instant during the flight given the launch velocity

3.4 During pracrice Dwo baseball ouncfielders throssws a ball o the
shormsoop. In borth cases dhe distance is 400 m Oucfielder 1 dhrows

rhe ball wich an inicial speed of 20,0 s, oucfielder 2 throws cthe ball
writh an inidal speed of 300 mos. In borh cases the balls are throswn and

caughrt ar the same height abowve ground.

a) Ball 1 is in the air for a shorver time than ball 2.

By Ball 2 is in the air for a shorcer cime thhan ball 1.

<) Borh balls are in the air for the same duracion.

d) The answer cannot be decided from the informarion givern.

F.¢& For a given inmivial speed of an ideal projectile, there is (are)
launch angle(s) for which the range of the projecrrile is the same.

a) only one
b)) rwo differenc

) more thhan rwo bur a fimive number of
d) onby one if the angle is 45° burt otherwise Ttwo differenc

) an infinice nuMmber of



STUDENT TEXTBOOK 68-78

MCQ. (3.1/3.2/3.4/3.6/3.10
3.11) 87

Calculate the particle's position, displacement, and velocity at a given
instant during the flight given the launch velocity

11

310 A baseball is launched from the bar ar an angle 8, = 30.0° wich
respect to the posictive x-axis and wicth an initial speed of 400 s,
and it is caughr ar the same height from which it was hic. Assuming
ideal projecrile morion (posicive gr-axis upsward), the velocioy of cthe
ball when ic is caunghro is

a) (2000 % + 34 .64 g s,

b)) (—2000 % + 34.64 g mos

c) (34 .64 X — 2000 &g mos.

A} (34 .64 X + 2000 g mss

3.11 In ideal projectile motion, the velocity and acceleration of the
projectile at is maximum height are, respectively,

a) horizontal vertical downward. d) zero, vertical downward.
b) horizontal, zero. e) zero, horizonral.

C) Zero, Zero.



[1] Describe an object in static equilibrium and dynamic equilibrium. STUDENT TEXTEOOK 97-99
[2] State the conditions for an object to be in equilibrium. 100

[3] Calculate a force of unknown magnitude acting on an object in EXAMPLE 4.1
equilibrium. Q434 /Q4.81 122 /125

4.4 Newton’s Laws

Newton’s First Law:

12

Newton's First Law says there are two possible states for an object with no net
force on it An object at rest is s2id to be in static equilibrium. An object moving
with constant velocity is said to be in dynamic equilibrium.

-

If the net force on an object is equal to zero, the object will remain at rest if it
was at rest. If it was moving, it will remain in motion in a straight line with the
same constant velocity.

1 ™ - 1t

Newton’s Second Law:

ﬁn&t=ﬂ :

If a net external force, Fyer, acts on an object with mass m, the force will cause
an acceleration, @, in the same direction as the force:

E. =ma.
Newton’s Third Law:

The forces that two interacting objects exert on each other are always exactly
equal in magnitude and opposite in direction:

- -
-Fl—rE == -F?—d‘



[1] Describe an ﬂl::j-.:ect in static E-:!lu']ihriumland d?marlnic equilibrium. STUDENT TEXTBOOK 97-99

[2] State the conditions for an object to be in equilibrium,.

[3] Calculate a force of unknown magnitude acting on an object in
equilibrium.

12 EXAMPLE 4.1 100

Q434 /Q4.81 122 /125

-
EXAMPLE 41 | Modified Tug-of-War

In a tug-of-war competition, two teams oy to pull each other across a line. If neither
ream is moving, then the two teams exert equal and opposite forces on a rope. This is an
immediate consequence of Newton’s Third Law. Thart is, if one team pulls on the rope
with a force of magnitude F, the other team necessarily has to pull on the rope with a
force of the same magnitude burt in the opposite direction.

PROBLEM

MNow let's consider the simation where three ropes are tied together at one point, with a
ream pulling on each rope. Suppose team 1 is pulling due west with a force of 2750 N, and
team 2 is pulling due north with a force of 3630 N. Can a third team pull in such a way that
the three-team tug-of-war ends ar a standstill, thar is, no team is able to move the rope? If yes,
what is the magnitude and direction of the force needed to accomplish this

0=R+E+5
sFB=—(R+R)

B =R, + B, = (2750 NP +(=3630 N =4554 N

Sourh
= -1 _F_J”E’I = -1 —-363[} N - - o ition o rce wvectors in
= (2750 N)t — (3630 N)j. ~ t=un = ==529" CEE 89 hdauion of e
( U E, 2750N



[1] Describe an ﬂl::jfact in static quﬁ]ihrium.and d?marlnic equilibrium. STUDENT TEXTEOOK 97.99
[2] State the conditions for an object to be in equilibrium.

[3] Calculate a force of unknown magnitude acting on an object in EXAMPLE 4.1 100
equilibrium. Q434 /Q4.81 122 /125

12

4.34 In a physics laboratory class, three massless ropes are tied together at a point. A pulling
force is applied along each rope: F1 = 150. N at 60.0°, F2 = 200. N at 100.°, F3 =100. N at 190.°.
What is the magnitude of a fourth force and the angle at which it acts to keep the point at
the center of the system stationary? (All angles are measured from the positive x-axis.)




[1] Describe an object in static equilibrium and dynamic equilibrium. STUDENT TEXTEOOK 97-99
[2] State the conditions for an object to be in equilibrium. 100

[3] Calculate a force of unknown magnitude acting on an object in EXAMPLE 4.1
equilibrium. Q4.34 /Q4.81 122 /125

12

4.81 A block of mass 5.00 kg is sliding at a constant velocity down an inclined plane that makes
an angle of 37.0° with respect to the horizontal.
a) What is the friction force?
b) What is the coefficient of kinetic friction?




[1] Apply the relationship between the drag force on an object moving STUDENT TEXTBOOK 111-112
13 through air and the speed of the object.
[2] Determine the terminal speed of an object falling through air EXAMPLE 4.7/ Q 4.55 112 /124

Air Resistance

Im general. thhe magnitiade of thhe fricdon force duire o air resistance, o drag force, can
be expressed as Fhyoe — Ko + Ko —§ KZUZ 4 ... wwith the conmstants K, K,. K., ... decermined
experitTTientallsyy. For the drag force on macroscopic aobjects rmmoswing at reladwels high specads,
ware car neglect the limnear cerrnmn in the welocithy. The rmagnimide of the drag force is then
appro>xirmacelys

Fapaeg — Koo . (=<1_T1 =D

This eguatiomn means that the force duae to air resistarnce is proportiomnal to the

sqgLuuare of thhe speed.

Whvlhiern an object falls cthhrowuagh air, thhe force frorm air resistance increases as the
object acocelerates tmitil it reaches a Terzmimal spread. At this poinmnt. thhe uapwward force
of air resistance and thhe downwward force duae to grawitctwy eqglrral each ochher. Thaas, cthe
Mmert force is ==ero, arndad cthere is 1o rmmore acocelerartion. Because thhers is o mmore acoaose]l-
eratiomn. the fallimg object has constant termminal speaed:

F =— Flirag —2 vag — Koo .

Solwving this for thhe rerrminal speed. wwe obtainm

o = S N (et 1 =1

To compute the rerminal speed for a falling object, we need to know the wvalue of
the constant K. This constant depends on many wvariables, including the size of the cross-
sectional area. A, exposed to the air stream. In general terms. the bigger the area. the
bigger is the constant K. K also depends linearly on the air density, 2. All other depen-
dences on the shape of the object. on its inclination relative to the direction of motion.
on air wviscosity, and compressibility are usually collected in a drag coefficient. o4

K=XYcgAp. (44.15)




[1] Apply the relationship between the drag force on an object moving STUDENT TEXTBOOK 111-112
13 through air and the speed of the object.
[2] Determine the terminal speed of an object falling through air EXAMPLE 4.7/ Q4.5 112 7124

rd
EXAMPLE 4.7 | Sky Diving

An 80.0-kg skydiver falls through air with a density of 1.15 kg/m”. Assume that his drag coeffi-
cient is ¢y = 0.570. When he falls in the spread-eagle position, as shown in Figure 4.20a, his body
presents an area A, = 0.940 m~ to the wind, whereas when he dives head first, with arms close
to the body and legs together, as shown in Figure 4.20b, his area is reduced to A, = 0210 m”,

PROBLEM -
Whart are the terminal speeds in both cases?

D = I'_”“E5‘= (g
1
T aAp

(a)

L (80.0 kg 9.81 m./s7) |
Iy = 1 5 =— — S0.5 m/ss
057000940 m~<)}1.15 kg/m"~)
S80.0 k .81
Lz = J ( gx m/s”) = 107 m#s.

1 0570(0.210 m*)(1.15 kg/m™)



[1] Apply the relationship between the drag force on an object moving STUDENT TEXTBOOK 111-112
13 through air and the speed of the object.
[2] Determine the terminal speed of an object falling through air EXAMPLE 4.7/ Q 4.55 112 /124

4.55 A skydiver of mass 82.3 kg (including outfit and equipment) floats downward suspended
from his parachute, having reached terminal speed. The drag coefficient is 0.533, and the
area of his parachute is 20.11 m? . The density of air is 1.14 kg/m3
What is the air’s drag force on him?




[1] Sketf:h a free-h{:-d}:r diagram for an t.]h]ect, :shnwmg the {:-llzlject asa SOLVED PROBLEM (4.1) 104
particle and drawing the forces acting on it as vectors with their tails EXAMPLE (4.8) 114
14 anchored on the particle :
[2] Draw free-body diagrams and apply Newton's second law for objects on SGLZ?;;%?EI'EEISJ (4.4) 116
horizontal, vertical, or inclined planes in situations involving friction ) 118
4 A
SOLVED PROBLEM 4.1 | Snowboarding
——— e
\*’i mg sin @
PROBLEM '

A snowboarder (mass 72.9 kg, height 1.79 m) glides down a slope with an angle of |
22° with respect to the horizontal (Figure 4.15a). If we can neglect friction, what |
is his acceleration? |




[1] Sketch a free-body diagram for an object, showing the object as a SOLVED PROBLEM (4.1) 104
particle and drawing the forces acting on it as vectors with their tails EXAMPLE (4.8) ] 114
14 anchored on the particle , . SOLVED PROBLEM (4.4) 116
[2] Draw free-body diagrams and apply Newton's second law for objects on EXAMPLE (4.9)
horizontal, vertical, or inclined planes in situations involving friction ) 118
EXAMPLE 4.8 ,"'f Two Blocks Connected by a Rope—with Friction h

e —"

WvWe solwved this problem in Solved Problem .2, withh the assumprions thar block 1
slides withour fricrion across the horizontal support surface and thart the rope slides
withhour fricrion across the pullewv. Here we will alloww for fricrion berween block 1 and
the surface it slides across. For now, we will still assume thar thhe rope slides withouo
fricrtion across the pulley. (Chapter 10 will present techniques thhar let us deal witcth the
prullew being ser into rotartional mortion by the rope mowving across ic.)

PROBLEM 1

Letr thhe coefficient of startic fricrion berween block 1 (rmass mrr, = 2.3 kg) and its supporc
surface hawve a wvalue of O.7F3 and the coefficient of kinetic friction hawve a walue of O.aO.
(Refer back to Figure 4.16.) If block 2 has mass i, — 1.9 kg will block 1 accelerate from resc?

PROEBLEM 2
"Whhhar is the wvalue of thhe acoceleracionmn?™

Frey

X
lr."
-

N
B




[1] Sketf:h a free-h{:-d}:r diagram for an t.]h]ect, :shnwmg the {:-llzlject asa SOLVED PROBLEM (4.1) 104
particle and drawing the forces acting on it as vectors with their tails EXAMPLE (4.8) 114
14 anchored on the particle :
[2] Draw free-body diagrams and apply Newton's second law for objects on SGLE?;;%?gﬁISJ (4.4) 116
horizontal, vertical, or inclined planes in situations involving friction ] 118
y
-~ \
SOLVED PROBLEM 4.4 | Two Blocks
—
Two rectangular blocks are stacked on a table as shown in Figure 4.24a. The upper -
block has a mass of 3.40 kg, and the lower block has a mass of 38.6 kg. The coefficient J >
of kinetic friction berween the lower block and the table is 0.260. The coefficient of L’ .
static friction berween the blocks is 0.551. A string is attached to the lower block, and ’
an external force F is applied horizontally, pulling on the string as shown. (c)
FIGURE 4.24 (a) Two stacked blocks
PROBLEM being pulled to the right. (b) Free-body
5 . - . . [ diagram for the two blocks moving
Whar is the maximum force that can be applied to the string withour having the upper together. (€) Free-body diagram for the

block slide off? upper block.



[1] Sketf:h a free-h{:-d}:r diagram for an t.]h]ect, :shnwmg the {:-llzlject asa SOLVED PROBLEM (4.1) 104
particle and drawing the forces acting on it as vectors with their tails EXAMPLE (4.8) 114

14 anchored on the particle :
[2] Draw free-body diagrams and apply Newton's second law for objects on SDLE?;;%?EIEEIS] (4.4) 116
horizontal, vertical, or inclined planes in situations involving friction ] 118

ra
EXAMPLE 4.9 | Pulling a Sled

Suppose you are pulling a sled across a level snow-covered surface by exerting constant
force on a rope, at an angle & relative to the ground.

PROBLEM 1

If the sled, including its load, has a mass of 15.3 kg, the coefficients of friction berween the
sled and the snow are g, = 0.076 and gy, = 0070, and vou pull with a force of 25.3 N on the
rope at an angle of 24.5° relative o the horizontal ground, whart is the sled’s acceleration? FIGURE 4.25 Free-body diagram of the

~ sled and its load.
PROBLEM 2
What angle of the rope with the horizontal will produce the maximum acceleration of the sled
for the given value of the magnitude of the pulling force, T? What is that maximum value of a?




[1] Identify that the direction of the force due to the pull on the rope acts SOLVED PROBLEM (4.2) 105
exactly in the direction along the rope. EXAMPLE (4.4) 106
15 [2] Describe how the force with which we pull on the massless rope is
transmitted through the entire rope unchanged, even if the rope passes Q. (4.35/4.48/4.96) 122,123,126
over a pulley

SOLVED PROBLEM 4.2 | Two Blocks Connected by a Rope

In this classic problem, a hanging mass causes the acceleration of a second mass thart is
resting on a horizontal surface (Figure 4.16a). Block 1, of mass m; = 3.00 kg, rests on a hori-
zontal frictonless surface and is connecred via a massless rope (for simplicity, oriented in
the horizontal direction) running over a massless pulley to block 2, of mass m, = 1.30 kg.

PROBLEM
Whar is the accelerarion of block 1 and of block 2?

(a)




[1] Identify that the direction of the force due to the pull on the rope acts SOLVED PROBLEM (4.2) 105
exactly in the direction along the rope. EXAMPLE (4.4) 106
15 [2] Describe how the force with which we pull on the massless rope is
transmitted through the entire rope unchanged, even if the rope passes Q. (4.35/4.48/4.96) 122,123,126
over a pulley

e ™y Self-Test Opportunity 4.2
- W - | H
EXAMPLE 4.4 | Atwood Machine ot et seeelermtion of the maca

on the Atwood machine at the limits

where m, approaches infinity, m,

’I:he Arwooed mflchine consists of two hanging weights [wi‘d'l‘masses m; and m;) connected approaches zero, and m, = m,?

via a rope running over a pulley. For now, we consider a friction-free case, where the pulley

does not move, and the rope glides over it (In Chapter 10 on rotation, we will return to this Self-Test Opportunity 4.3
problem and solve it with friction present, which causes the pulley to rotate.) We also assume For the Atwood machine, can you wille

a formula for the magnitude of the ten-
sion in the rope?

that m; > m,. In this case, the acceleration is as shown in Figure 4.17a. (The formula
derived in the following is cormrect for any case. If m; < m,, then the value of the ac-  Concept Check 4.4

If you double both masses in an

celeration, a, will have a negative sign, which will mean that the acceleration direction  4io0d machine, the resalting
is opposite to what we have assumed in working the problem.) acceleration will be

a) twice aslarge.

. ml _— m.E b) half as large.
‘ ﬂ — g c) the same.
‘71; 2 g“‘T ml + mz : d) one-quarter as large.
+8 [l

e) four times as large.

-
L1



[1] Identify that the direction of the force due to the pull on the rope acts SOLVED PROBLEM (4.2) 105
exactly in the direction along the rope. EXAMPLE (4.4) 106
15 [2] Describe how the force with which we pull on the massless rope is
transmitted through the entire rope unchanged, even if the rope passes Q. (4.35/4.48/4.96) 122,123,126
over a pulley

4.35 Four weights, of masses m1 = 6.50 kg, m2 = 3.80 kg, m3 = 10.70 kg, and m4 = 4.20 kg,
are hanging from a ceiling as shown in the figure. They are connected with ropes. O
What is the tension in the rope connecting masses m1 and m2? '

QD m;




[1] Identify that the direction of the force due to the pull on the rope acts SOLVED PROBLEM (4.2) 105
exactly in the direction along the rope. EXAMPLE (4.4) 106
15 [2] Describe how the force with which we pull on the massless rope is
transmitted through the entire rope unchanged, even if the rope passes Q. (4.35/4.48/4.96) 122,123,126
over a pulley
g 48 A rrmass, e, — 200 kg, on a fricdonless ramp is

arcached o a light soing. The soring passes over a :
fricudonless pulley and is artvach ed o a hanging =
rrrass, .. The ramp is ar an angle of .
& — 30.0° above thhe horizonoal. The ==
rass 1m2; moves up the ramp
uniforrmlily (ar constanc
speed). Find che value
OFf .




[1] Identify that the direction of the force due to the pull on the rope acts SOLVED PROBLEM (4.2) 105
exactly in the direction along the rope. EXAMPLE (4.4) 106
15 [2] Describe how the force with which we pull on the massless rope is
transmitted through the entire rope unchanged, even if the rope passes Q. (4.35/4.48/4.96) 122,123,126
over a pulley

4.96 Two blocks are con-
necred by a massless rope, as
shoswwmn in the fipure. Block 1
has mass m, = 1.267 kg, and
block 2 has mass m, = 3.557

kg. The two blocks move on a )
fricrionless, horizonal ablewop. A horizonal exremal force, F = 1261 N, aces
on block 2 Whart is the rension in the rope connecring the owo blocks?




Paper exam




% Calculate the Cartesian components of a two-dimensional vector from STUDENT TEXTBOOK 18-25
the length and angle with respect to the x-axis.
% Add or subtract vectors using Cartesian components, FSISII.JEDS E’IR:)BI:ITE?.:I [112;;} 19’33’24
29,30

16
% Add and subtract vectors graphically to find the resultant vectors. 167/
% Identify cartesian unit vectors in two and three dimensions. Q. (1.65/1.67/1.97)

Cartesian Representation of Vectors  yiector Addition Using Components

W o

AT Cebtie{ el B B 1R, A 48 A

A=(A, Ay A,)in three-dimensional space

Graphical Vector Addition and Subtraction e = A —— B,
L, — A, +— B, FIGURE1.19 Commutative property of
o o o « ——— ™ F=" _ vector addition.

= FIGURE1.20 Inverse vector —C of a

E+(—E’):E’-C=(D,D,D). vector C.




% Calculate the Cartesian components of a two-dimensional vector from STUDENT TEXTBOOQK 18-25
the length and angle with respect to the x-axis.
16 % Add or subtract vectors using Cartesian components. FSISII:JES ;;;:ﬁé:j 1.28) 19’23’24
% Add and subtract vectors graphically to find the resultant vectors. L 65/1 67/1 g:?!LE}
% Identify cartesian unit vectors in two and three dimensions. Q (L. ' A7) 29,30

Multiplication of a Vector with a Scalar
(1.15)

E=sA=s(A, A, A,)=(sA,,5A,,5A,).

u In other words, each component of the vector A is multiplied by the scalar in order
+¢, toarrive at the components of the product vector:
E =s5A,

y
E,=sA, (1.16)

E,=sA,.

X LIimit WVvectors

Figure 1.21b displays their sum vector C=(4+3, 2+4)=(7,6). Figure 1.21b clearly shows ;i _ (A A A }
that C,= A, + B,, because the whole is equal to the sum of its parts. TV e Ty T
=(A,,0,0) +(0, AH' 0)+(0,0,A,)

(@)

In the same way, we can take the difference fl=ﬁ-§, and the Cartesian
components of the difterence vector are given by = 1,0 .0
D,=A,—B, §={D- 1. 0) =Ax(l,D,D}+ AH(D,I,D}+ AE(D,D,I)
DH= A!},—B!r (1.14) - - - -
Z=(0,.0,.1). =AX+A G+ AZ

D,=A,—B,.



16

% Calculate the Cartesian components of a two-dimensional vector from

STUDENT TEXTBOOK

18-25

the length and angle with respect to the x-axis.
% Add or subtract vectors using Cartesian components.
% Add and subtract vectors graphically to find the resultant vectors.
% Identify cartesian unit vectors in two and three dimensions.

FIGURES (1.18/1.21/1.28)
SOLVED PROBLEM. (1.3)
Q. (1.65/1.67/1.97)

19,20,24
24
29,30

Vector Length and Dbirection

If seare knnoww the component represencacion of a wecoor, huosar canmn we find ics lervgrh (mag-
nirude) and che direcrion it is poinring in? Ler's look ar che most impoitanT Cass: a weonolr
in two dimensions. In two dimensions, a vector A can be specified uniquely by giving cthe
wo Carcesian components, A, and A, We can also specify the same vector by giving two
arher numibers: its lengrly A and irs angle & wicth respect o the posicive »e-axis

Lecs take a look at Figure 1.23% 1o see o we can determmine A and & froam AL and A
Figure 1.23a shows the graphical representarion of equarion 1.19. The wecoor A is the sum
of the wvectors A, % and A . Since the unit vectors & and § are by definition orchogonal oo
cacly orher, '|'J:'.u=_-se wecoors formt a 90° angle. Thus, the three vecrors A A, % and A, form
a right mangle wicth side lengths A, A, and A, as showwn in Figure 1_231_1

Mowsr wwe can emplow basic mrigonometry to find & and A Using che Pyrthagorean
Theorem resulcs i

A= faZ + a2, (1.2
Whie can find che angle & from the definicion of the tangent funcoiomn
) — rarn "t Ay ; (121}
AL

A

I using equatiorn 1.Z21, yvou must be careful thart & is in cthe correco guadranc. WWe can
also inwerr equarticons 1 20 and 1.21 to obrain the Carresian components of a weccor

af given lengoh and direccioae:

A = A cosa (1.22)

A = A =i &

2y (123}

You will encouncer these rrigonometric relations again arnd again chroughoour intro-
ducrory phwvsics. If vou need o refamiliarize yourself with origonomecry. consulc che
machemarics pritner prowvided in Appendix S

FIGURE 1.22 Cartasizn unit wachkors in
[(al twwo =2nd (&) three dimaension=

&

o B

(k=]

FIGURE 1.23F Langth and direction of a

wector (2] Cartesian componeEnis A, and 0
(&) l=mgth A and angle &




% Calculate the Cartesian components of a two-dimensional vector from STUDENT TEXTBOOK 18-25

the length and angle with respect to the x-axis.
16 % Add or subtract vectors using Cartesian components. FIGURES (1.18/1.21/1.28) 19,20,24

% Add and subtract vectors graphically to find the resultant vectors. SDWEPEE????EI'!Q:?[LE} 24
% Identify cartesian unit vectors in two and three dimensions. Q. (1.65/1.67/1.97) 29,30

Scalar Product of Vectors

Above we saw how o mulriply a vector with a scalar. Now we will define one wavw
of mulriplving a wvector with a wvecror and obtain the scalar prodwuct. The scalar
product of two vecrors A and B is defined as

A eB = |.E!L| |§|-|::c|s-r_1r, (1.24)
Scalar Product for Unit Vectors. On page 26 we introduced unit vectors in the
three-dimensional Cartesian coordinate systerm: X = (1,0,0), § = (0.1,0), and 2 =
(0,0, 1). With our definition (1.25) of the scalar product, we find
XexX =[gelj=2%z=1 (1.30) Self-Test Opportunity 11
and Show that equations 1.30 and 1.31 are
Xej=XezZ=[z=0 cormect by using equation 1.25 and the
(1.31) definitions of the unit vectors.

fjex —=zex =z==0.

Now we see why the unit vectors are called that: Their scalar products with them-
selves have the value 1. Thus, the unit vectors have length 1, or unirt length, according
to equation 1.27. In addition, any pair of different unit vectors has a scalar product that
is zero, meaning that these vectors are orthogonal to each other. Equations 1.30 and
1.31 thus state that the unit vecrors %, §, and Z form an orthonormal set of vectors,
which makes them extremely useful for the description of physical systems.



% Calculate the Cartesian components of a two-dimensional vector from STUDENT TEXTBOOK 18-25
the length and angle with respect to the x-axis.
16 % Add or subtract vectors using Cartesian components. FIGURES (1.18/1.21/1.28) 19,20,24
% Add and subtract vectors graphically to find the resultant vectors. SOLVED PﬁﬂBLEM- (1.3) 24
% Identify cartesian unit vectors in two and three dimensions. Q. (1.65/1.67/1.97) 29,30

AeB=(A, A, A )*(B,. B, B,)=A_B, +A,B, +A,B,.

A e B — B e _ A
Eﬁﬁzlﬁl |E|C{35&:—{:05ﬂ— _ﬁ-% e — cos " _‘E-% J_
|| | =] || | =]

Geornetriical fnterpretaotion of the Scoalfor Prodouct. Imn the definition of the scalar
product A - B — |.-3.| |§| Cos o {eguartiorn 1. .ZF«4), wwe Carn  inrterprec |._-rl'|1| Ccos o as the
projecrion of rthe wecror A onto the wector = (Figure 1. 258a). Inn this drawwing., the
lirne |ﬁ| Ccos o is rotated by 90 o showw the geomerrical imrerpretartion of the scalar
product as thhe area of a recrangle with sides |__-91| COS o arvd |E| - Imx thhe same wanw, wie Car
iNnterprec | 3l cos «x as the projection of the vecror B onto the wvector A and construct a
recrangle with side lengrhs |§| COS cx arud |f-'—i| (Figure 1.2650b). The arceas of the two wvwellowwsw
recrangles in Figure 1_.25 are identical and are eqgual to the scalar prodwuct of thhe owwo
wvectors A and B

Fimnally ., if wwe substirure from eqgquartiorn 1. .28 for thhe cosimne of the angle bhberwsween
the Two wectors, the projectior |.E£| cos o of the wvector A onto the wvector B can be
WAWTITODETY as

|A|cosa — |A| A=B _ A=-B
|4l =] =l
amnd the projecrtiorn |§| cos cx of the vector B onto the wvector A can be expressed as
|B|ccsu=ﬁ— Ae(B4+C)= A=B+ AsC.




% Calculate the Cartesian components of a two-dimensional vector from
the length and angle with respect to the x-axis.

16 % Add or subtract vectors using Cartesian components.

% Add and subtract vectors graphically to find the resultant vectors.

% Identify cartesian unit vectors in two and three dimensions.

Vector Product

ThE vector product (or cross product) between two vectors A= (A, Ay, A .) and
=(B,, B,, B,) is defined as

C, =AB —-AB (1.32)

STUDENT TEXTBOOK 18-25
FIGURES (1.18/1.21/1.28) 19,20,24
SOLVED PROBLEM. (1.3) 24
Q. (1.65/1.67/1.97) 2930
R v g — =
g o< B o— =
o W — - .
‘-I’fl ‘ ‘ ‘ E’-l siTy A

FIGURE1.26 Geometrical

interpretation of the scalar product
as an area. {3) The projectionof 4 onto &,
(b The projection of § onto A.

Ax(BxC)=B(A

BxA=—AXxB.

A A = 0.

=

'C} C(A ! FIGURE 1.27 Vector product.



% Calculate the Cartesian components of a two-dimensional vector from STUDENT TEXTBOOK 18-25

the length and angle with respect to the x-axis.
16 % Add or subtract vectors using Cartesian components. FSISII.J‘\.-'F;EDS li‘llitilllEI:IfEi:f 1.28) 19’22’24
% Add and subtract vectors graphically to find the resultant vectors. 1.65/1 67/1 g:?':llﬂ}
% Identify cartesian unit vectors in two and three dimensions. Q (1. ' 97) 29,30
N
i)
Seatt A
BH
H’fu
INew York w »XE
A, \
i [—=r—w
22 8
() (b) S
FIGURE 118  Diectfightversus one-
stop fightas an exampleofvectr addton. FIGURE1.28 Hike with 290" turn.

FIGURE 1.21 Vector addition by
components. (@) Components of vectors
A and E ;(b) the components of the
resultant vector are the sums of the
components of the individual vectors.



% Calculate the Cartesian components of a two-dimensional vector from

STUDENT TEXTBOOK 18-25
the length and angle with respect to the x-axis.
16 % Add or subtract vectors using Cartesian components. FSISII,JEDS E’;II}EI;:IE.:HIZE} 19’;3’24
% Add and subtract vectors graphically to find the resultant vectors. 1.65/1.67/1 g:}LE}
% Identify cartesian unit vectors in two and three dimensions. Q (L. ' 97) 29,30
SOLVED PROBLEM 1.3 | Hiking "‘
PROBLEM w = <
You are hiking in the Florida Everglades heading southwest from your base camp, for
1.72 km. You reach a river that is too deep to cross; so you make a 90° right turn and
hike another 3.12 km to a bridge. How far away are you from your base camp? FIC URE 1.28 i with o 0% tum.
C,=A, +B, = Acosf, +Bcosflg
Cy = A, + B, = Asiné, + Bsin . .
Yy

C= . JC: +Cg = . JtAa, + B, )" + (A, + By~

= J{Acmﬂﬂ —I—B{:{)SEJ'B::IE —+ (A sin &, + B sin E‘B]E .

C= ((1.72 km) cos 225°+ (3.12 km) cos 135°)* +((1.72 km) sin 225°+(3.12 km) sin 135°)?

= .J{l F2u(=1/2)+3.12 x{—s.f'ls‘_z})z +{{l.?2x{—\;'fl.-"'l_2}+ 312 xJu_zjz k.

C=356 km

§

| B, =135°
w % X E
8, = 225°

A

5

FIGURE 1.29 Angles ofthe two hike
segments.



% Calculate the Cartesian components of a two-dimensional vector from STUDENT TEXTBOOK 18-25
the length and angle with respect to the x-axis.

16 % Add or subtract vectors using Cartesian components. FSIS:.J"EES E’IRII}EI;I}Ei:I 1.28) 19*23*24
% Add and subtract vectors graphically to find the resultant vectors. -(1.3)
Q. (1.65/1.67/1.97) 29,30

% Identify cartesian unit vectors in two and three dimensions.

1.65 A position vector has a length of 40.0 m and is at an angle of 57.0°above the x-axis.
Find the vector’s components.

1.67 Find the components of the vectors A, B, C, and D, if their lengths are given by A=75.0,
B=60.0, C=25.0, D=90.0 and their direction angles are as shown
in the figure. Write the vectors in terms of unit vectors..

s




16

% Calculate the Cartesian components of a two-dimensional vector from
the length and angle with respect to the x-axis.

% Add or subtract vectors using Cartesian components.

% Add and subtract vectors graphically to find the resultant vectors.

% Identify cartesian unit vectors in two and three dimensions.

STUDENT TEXTBOOK 18-25
FIGURES (1.18/1.21/1.28) 19,20,24
SOLVED PROBLEM. (1.3) 24
Q. (1.65/1.67/1.97) 29 30

1.97 Add the three vectors A, B, and C using the component method,

and find their sum vector D.




Solve problems related to position and displacement. STUDENT TEXTBOOK (33-40), (42-54)
Calculate the instantaneous velocity at a specific time as the rate of
change of the position function, which is the slope of the position
function in the specific time.

FF

17 % Describe the motion of an object in a straight line with constant EXAMPLE. (2.1) 38
acceleration. Q. (2.34/2.35/2.85) 61,64
% Apply, in the direction of motion, the constant-acceleration equations Q. (2.66/2.67/2.70) 63

to relate acceleration, velocity, position, and time for an object mowving
with constant acceleration.

Concept Check 21

The smudy of physics is divided into several large parts, one of which is mechanics.  Thetrainin Figure 21is
Mechanics, or the study of motion and its causes, is usually subdivided. In this chapter .

and the next, we examine the kinematics aspect of mechanics. Kinemartics is the study ) speeding up.

of the motion of objects. These Db]E'EtE may be, for E}cample Cars, baseballs pec:rple plan—

b) slowing down.

:llsplacement Displacement is su"ﬂpl‘j,r the difference between the final position vector, ¢) traveling at a constant speed.

r>, = r(t,), at the end of a motion and the initial position vector, ¥, = (r, ). We write
the displacement vector as d) moving at a rate that can't be
AF =7, — 7, Ax = X, — X;- (2.1) determined from the photo.
Distance

For motion on a straight line without changing directions, the distance, £, that a moving
object travels is the absolure value of the displacement wvector:

£= |&F| i (2.4)

SI}EEd =U= ‘ﬁ‘ — ‘”x|* average speed = D = AL
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Solve problems related to position and displacement.

STUDENT TEXTBOOK

(33-40), (42-54)

¢

Calculate the instantaneous velocity at a specific time as the rate of
change of the position function, which is the slope of the position
function in the specific time.

to relate acceleration, velocity, position, and time for an object mowving
writh constant acceleration.

We define .. the x-component of the wvelocity wvector, as the change in posi-
tion (i.e., the displacement component) in a given time interval divided by that
time interval, Ax/Ar Velocity can change from moment to moment. The welocity
calculated by taking the ratio of displacement per time interval is the average of the
velocity over this time interval, or the x-component of the average velocity, v, :

— _ MAx
D= R

(2.5)

Notation: A bar above a symbol is the notation for averaging over a finite time interval.
In calculus, a time derivative is obtained by taking a limit as the time inter-
val approaches zero. We use the same concept here to define the instantaneous
velocity, usually referred to simply as the welocity, as the time derivative of the
displacement. For the x-component of the velocity vector, this implies

. = lim =lim&x5m{.
dr

% Describe the motion of an object in a straight line with constant EXAMPLE. (2.1) 38
acceleration. Q. (2.34/2.35/2.85) 61,64
% Apply, in the direction of motion, the constant-acceleration equations Q. (2.66/2.67/2.70) 63

Concept Check 2.2

Your dorm room is located

0.25 kilometers from the Dairy Store.
You walk from your room to the Dairy
Store and back. Which of the following

statements about your trip is true?

a) The distance is 0.50 kilometer, and
the displacement is 0.50 kilometer.

b} The distance is 0.50 kilometer, and
the displacement is 0.00 kilometer.

c) The distance is 0.00 kilometer, and
the displacement is 0.50 kilometer.

d) The distance is 0.00 kilometer, and
the displacement is 0.00 kilometer.




FF

function in the specific time.

Solve problems related to position and displacement.
Calculate the instantaneous velocity at a specific time as the rate of
change of the position function, which is the slope of the position

STUDENT TEXTBOOK

(33-40), (42-54)

FIGURE 2.

17 % Describe the motion of an object in a straight line with constant EXAMPLE. (2.1) 38

acceleration. Q. (2.34/2.35/2.85) 61,64
% Apply, in the direction of motion, the constant-acceleration equations Q. (2.66/2.67/2.70) 63

to relate acceleration, velocity, position, and time for an object mowving

with constant acceleration.
- - - o
. r r

-
ey LN 3 2
. ™ L= = S
—-""'"’r T fﬂ__,..-—
Cad L= ] WL

Instantaneous welocity as the limit of the ratio ofdisplacement to time interval: (@) an average

welodciy ower a large time inmtern-cal ;. (b)) an average welocithy ower a smaller time imterval; and [(c) the instantaneous

welocity at a specific time, f5.

FIGURE 210 Instantaneous
acceleration as the limit of the ratio of
wvelocity change to time interval: (a) average
acceleration owver a large time intersal; ()
average acceleration owver a smaller time
interval; and (c) instantaneous acceleration
in the limit as the time interwal goes to zero.

=

>

Liy

(a)

(<)




Solve problems related to position and displacement. STUDENT TEXTBOOK (33-40), (42-54)
Calculate the instantaneous velocity at a specific time as the rate of
change of the position function, which is the slope of the position
function in the specific time.

FF

17 % Describe the motion of an object in a straight line with constant EXAMPLE. (2.1) 38
mceeleration. Q. (2.34/2.35/2.85) 61,64
Q. (2.66/2.67/2.70) 63

%, Apply, in the direction of motion, the constant-acceleration equations
to relate acceleration, velocity, position, and time for an object moving
with constant acceleration.

Concept Check 2.4

Concept Check 2.5

When you're driving a car along a
straight road, yvou may be traveling in

Concept Check 2.6

the positive or negative direction and An example of one-dimensional mofion o
you may have a positive acceleration , P o Average acceleration is defined as the
or negative o ccelerati-?- Mitch thid with constant acceleration is
ollowing combinations welocity a
acceleration with the list of outcomes. : :
) . . . a) the motion of a car during a o) dsplacement change per time
a positive 1..r.E':I-:H::|1:5.r_ Ppositive .
acceleration NASCAR race. |ﬂtEr|||'ﬂ|
b ositive wvelocity, negatiwve
chelerati-:l-n “ . " : ;
b) the Earth orbiting the Sun. b) position change per time interval.

cl negative welocity, positive
acceleration

d} negative wvelocity, negatiwve 'C] an DhJEEt n frEE h” [} ‘E|Dfit¥ EhﬂﬂgE pEf ﬁITIE iﬂtEWi|

acceleration

1) slowing down in positive direction 'd] Mone of the above describe one- EI] g EE[I [haﬂ . EI’tiﬂ'IE iﬂtEI’\fﬂ|
2) speeding up in negative direction dimensional motion with constant p g p .
3) speeding up in positive direction acceleration.

4} slowing down in negative direction



Solve problems related to position and displacement.

Calculate the instantaneous velocity at a specific time as the rate of
change of the position function, which is the slope of the position
function in the specific time.

Describe the motion of an object in a straight line with constant
acceleration.

% Apply, in the direction of motion, the constant-acceleration equations
to relate acceleration, velocity, position, and time for an object moving
with constant acceleration.

FF
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STUDENT TEXTBOOK

(33-40), (42-54)

EXAMPLE. (2.1)
Q. (2.34/2.35/2.85)
Q. (2.66/2.67/2.70)

Just as the average wvelocity is defined as the displacement per time interval, the x-com-
ponent of average acceleration is defined as the wvelocity change per time interval:

9 FAYD
a, = &;" .

(2.10)

Similarly, the »component of the instantaneous acceleration is defined as the

limit of the average acceleration as the time interval approaches O:

Ny AN ) do
= i = li x = x
L &ir_t..lﬂax mﬂlﬂ FAY 5 or
We can now define the acceleration vector as
L _ di
darc ’
o § _ > o o ey = ™
- P & ol «dc \ e A= -

(2.11)

(2.12)




Solve problems related to position and displacement. STUDENT TEXTBOOK (33-40), (42-54)
Calculate the instantaneous velocity at a specific time as the rate of
change of the position function, which is the slope of the position
function in the specific time.

Describe the motion of an object in a straight line with constant
acceleration.

Apply, in the direction of motion, the constant-acceleration equations
to relate acceleration, velocity, position, and time for an object mowine
with constant acceleration.

& &

EXAMPLE. (2.1) 38
Q. (2.34/2.35/2.85) 61,64
Q. (2.66/2.67/2.70) 63

17

&

Motion with Constant Acceleration

va{r'}dr'= ; %dr'=x{r}—x{i:n}=> {1} x:xﬂ-ln[jxﬂ[-l-%ﬂx['z
| T T e L (ii) X=X, + Dy
ax{t}=du§7l®' E
j"ax::r-::-dr-=jdl*éf—;_f'}dr-=ux{r}—ux{rﬂ} — 111} U_1.=U_-,_.ﬂ +||']_.,_.[
o, L) — o, ., —+ Ljnax{t i ' [ i . o
o {W} v = IE{UI + U.l’ﬂ}
ey = e, —E— j.r__.-"l::r:'} P | el
N (V) ”ﬁ = ”2113 + 2a,(x = x;)
Dy — I, — fa{r-} T "

e
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Solve problems related to position and displacement.
Calculate the instantaneous velocity at a specific time as the rate of
change of the position function, which is the slope of the position

function in the specific time.

Describe the motion of an object in a straight line with constant

acceleration.

Apply, in the direction of motion, the constant-acceleration equations
to relate acceleration, velocity, position, and time for an object moving

with constant acceleration.

STUDENT TEXTBOOK

(33-40), (42-54)

EXAMPLE. (2.1) 38
Q. (2.34/2.35/2.85) 61,64
Q. (2.66/2.67/2.70) 63

2.8 Free Fall

The acceleration due to gravity near the surface of the Earth has the value g =
081 m/s%. We call the vertical axis the y-axis and define the positive direction as up.
Then the acceleration vector d@ has only a nonzero y-component, which is given by

(i)
(ii)
(iii)
(iv)
(v

a,=-g
= Lo + Dyl — =
gy = L —+ ﬁyr
v, = Uy — gt
v, = S(v, + vya)
vy = Ugo — 2g9(y — Ua)

1
=

oy

(224)

A ball is thrown upward with a speed
vy, @s shown in Figure 2.24. The ball
reaches a maximum height of y = h.
What is the ratio of the speed of the
ball, vy, &t y = A2 in Figure 2.24b, to
the initial upward speed of the ball, v;,
at y =0 in Figure 2.24a?

a) volvy =0

b) wyfiy =050
c) wvilvy =0H
d) v,lv, =075
e} vy =090

Concept Check 2.8

Concept Check 2.7

Throwing a ball straight up into the
air provides an example of free-fall
motion. At the instant the ball reaches
its maximum height, which of the
following statements is true?

a) The ball’s acceleration vector
points down, and its velocity vector
points up.

b) The ball's acceleration is zero, and
its velocity vector points up.

c) The bal's acceleration vector points
up, and its velocity vector points up.

d) The ball's acceleration vector points
down, and its velocity is zero.

e) The ball’s acceleration vector points
up, and its velocity is zero.

f) The ball's acceleration is zero, and
its velocity vector points down.
— R P




Solve problems related to position and displacement. STUDENT TEXTBOOK (33-40), (42-54)
Calculate the instantaneous velocity at a specific time as the rate of
change of the position function, which is the slope of the position
function in the specific time.

Describe the motion of an object in a straight line with constant
acceleration.

Apply, in the direction of motion, the constant-acceleration equations
to relate acceleration, velocity, position, and time for an object moving
with constant acceleration.

¢

EXAMPLE. (2.1) 38
Q. (2.34/2.35/2.85) 61,64
Q. (2.66/2.67/2.70) 63
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Ly
£

Reaction Time I =

=]

of
Concept Check 2.9

o o
If the reaction time of person B
11 determined with the meter stick
method is twice as long as that of
person A, then the displacement fg
measured for person B in terms of the
displacement &, for person A is

— |
-hm

N[
I
N[
I
N[
1
Nl
¢
N[
I

gl

=!

T

¢

— |
hm

=!

T

=!

1

=]

T

=

T

¢
hm

EI] .||-||E= E.I"JA_

(a) (b L= L= (=) -

b:. .||-||E= ;h_ﬂ._
FiIhGIORE 2 _ 2248 The welocity wector c) Fig = """Eh.ﬂ.—
and acceleration wector of . a ball throwemn
straight up im the air. (@) The Dall is initialbr E|} Ao = AF.
TtThrowern upwward &t == . (=) Thh= xall goimg E £,
upwward at a height of p = 2. (ch The all E] Fre, = L.I".I
at its maximum height of p» = f&_ (dl The all E = A
cormuinmg dowe i at p = 2. (e The all ack

at p = 0 goimng dowermwesa rd o




% Solve problems related to position and displacement. STUDENT TEXTBEOOK (33-40), (42-54)
% Calculate the instantaneous velocity at a specific time as the rate of
change of the position function, which is the slope of the position
function in the specific time.
17 % Describe the motion of an object in a straight line with constant EXAMPLE. (2.1) 38
acceleration. Q. (2.34/2.35/2.85) 61,64
% Apply, in the direction of motion, the constant-acceleration equations Q. (2.66/2.67/2.70) 63
to relate acceleration, velocity, position, and time for an object moving
with constant acceleration.
I ad [ - - - - - - . - - - . - - s . I —— e - Y e A —— — - — — = _— = =
'

EXAMPLE 24 [ Time Dependence of Velocity

PROBLEM
During the time interval from 0.0 to 10.0 s, the position vector of a car on a road is given

by x(t) = a + br + cr’, witha= 172 m, b = —10.1 m/s, and ¢ = 1.10 m/s". Whart is the
car’s velocity as a funcrion of time? Whart is the car’s average velocity during this interval?

r(s)

FIGURE 2.7 Graph of the position x and
velocity v, as a fundtion of the time £. The
slope of the dashed line represents the
average velocity for the time interval from
0to10s.



Solve problems related to position and displacement. STUDENT TEXTBOOK (33-40), (42-54)
Calculate the instantaneous velocity at a specific time as the rate of
change of the position function, which is the slope of the position
function in the specific time.

FF

EXAMPLE. (2.1) 38

Describe the motion of an object in a straight line with constant
17 » acocleration. jectl F wi Q. (2.34/2.35/2.85) 61,64
% Apply, in the direction of motion, the constant-acceleration equations Q. (2.66/2.67/2.70) 63

to relate acceleration, velocity, position, and time for an object mowving
with constant acceleration.

2.34 The position of a particle moving along the x-axis is given by x = (11 + 14t - 2.0t?),
where tis in seconds and x is in meters.
What is the average velocity during the time interval fromt=1.0stot=4.0s?

2.35 The position of a particle moving along the x-axis is given by x = 3.0t? - 2.0t3
, Where x is in meters and t is in seconds.
What is the position of the particle when it achieves its maximum speed in
the positive x-direction?



Solve problems related to position and displacement.

Calculate the instantaneous velocity at a specific time as the rate of
change of the position function, which is the slope of the position
function in the specific time.

FF

STUDENT TEXTBOOK

(33-40), (42-54)

17 % Describe the motion of an object in a straight line with constant EXAMPLE. (2.1) 38
acceleration. Q. (2.34/2.35/2.85) 61,64
% Apply, in the direction of motion, the constant-acceleration equations Q. (2.66/2.67/2.70) 63

to relate acceleration, velocity, position, and time for an object mowving
with constant acceleration.

2.85 The position of a rocket sled on a straight track is given as x = at? + bt? + c,
wherea=2.0m/s3,b=2.0m/s?, and c=3.0 m.
a) What is the sled’s position betweent=4.0sand t=9.0s?
b) What is the average speed betweent=4.0sand t=9.0s?




Solve problems related to position and displacement. STUDENT TEXTBOOK (33-40), (42-54)
Calculate the instantaneous velocity at a specific time as the rate of
change of the position function, which is the slope of the position
function in the specific time.

FF

17 % Describe the motion of an object in a straight line with constant EXAMPLE. (2.1) 38
acceleration. Q. (2.34/2.35/2.85) 61,64
% Apply, in the direction of motion, the constant-acceleration equations Q. (2.66/2.67/2.70) 63

to relate acceleration, velocity, position, and time for an object mowving
with constant acceleration.

2.66 A ball is tossed vertically upward with an initial speed of 26.4 m/s.
How long does it take before the ball is back on the ground?

2.67 A stone is thrown upward, from ground level, with an initial
velocity of 10.0 m/s.

a) What is the velocity of the stone after 0.50 s?

b) How high above ground level is the stone after 0.50 s?
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Solve problems related to position and displacement.

Calculate the instantaneous velocity at a specific time as the rate of
change of the position function, which is the slope of the position
function in the specific time.

Describe the motion of an object in a straight line with constant
acceleration.

Apply, in the direction of motion, the constant-acceleration equations
to relate acceleration, velocity, position, and time for an object mowving
with constant acceleration.

STUDENT TEXTBOOK

(33-40), (42-54)

EXAMPLE. (2.1)
Q. (2.34/2.35/2.85)
Q. (2.66/2.67/2.70)

2.70 An object is thrown vertically upward and has a speed of 20.0 m/s when
it reaches two thirds of its maximum height above the launch point.
Determine its maximum height ?




% Calculate the components of a velocity vector (vx, vy, vz) by the time STUDENT TEXTBOOK (67-72),(74-78),(80-83)

derivative of the position vector.
18 % Define maximum height, range of a projectile and time of flight. Q. (3.27/3.39) 86-87
% Calculate the maximum height, range of a projectile and the time of Q. (3.43/3.47)
flight for a projectile.
With this set of Cartesian coordinates, a position vector can be written in component The change in velocity of the particle is Av =v, — v,. The average acceleration, a,,.,
form as for the time interval At =t, —t, is given by
r=(x,y,z) = xx + yyj + zz (3.1) p =:ﬁ_ﬂ=ﬁz - B, (37)
A velocity vector is we At -
v=(v.,v,,0)=0.% + 0,1+ D.Z 3.2
(0,0, ) = D g T 0 (32) Concept Check 31
For one-dimensional vectors, the time derivative of the position vector defines CGHEEIJ'IZ Ch ECk 3.2 In all of the cases shown below, the
the velocity vector. This is also the case for more than one dimension: . velocity vectors Vq and ¥ have the
In all of the cases shown in Concept same length. In which case does
— , AV =V, — #; have the largest
b= % = %(m} + yy + zz) = %i + % g+ %i- (3.3) Check 31, the velocity vectors ¥ 2~ meve e farEe
and v, have the same length. In o o
In the last step of this equation, we used the sum and product rules of differentiation, as hich does th lerat d d
well as the fact that the unit vectors are constant vectors (fixed directions along the coor- 1"_” = E_EE'E o - o=
dinate axes and constant magnitude of 1). Comparing equations 3.2 and 3.3, we see that a = Av / Athave the smallest absolute a) b)

dx dy dz value?

Ux:E' UH—E, UZ—E. (3-4}

The same procedure leads us from the velocity vector to the acceleration vector by
taking the time derivative of the former:

. dp dv, . dv, . dp, .
_dv _ . 3.5
47 dre a *ta¥tat (3.5) g d)
o wdrr o e b B x e -L‘II'_.FE i e} All of the cases are identical.




% Calculate the components of a velocity vector (vx, vy, vz) by the time STUDENT TEXTBOOK (67-72),(74-78),(80-83)

derivative of the position vector.
18 % Define maximum height, range of a projectile and time of flight. Q. (3.27/3.39) 86-87
% Calculate the maximum height, range of a projectile and the time of Q. (3.43/3.47) i
flight for a projectile.
@=0-g)==g &P 5 = o2 + v; = Ju2o + 20 — 200y — ¥o) = \ug —2g(y —yo).  (3.23)

For this special case of a constant acceleration only in the y-direction and with zero
acceleration in the x-direction, we have a free-fall problem in the vertical direction and
motion with constant velocity in the horizontal direction. The kinematical equations
tor the x-direction are those for an object moving with constant velocity:

Note that the initial launch angle does not appear in this equation. The absolute value
of the velocity—the speed—depends only on the initial value of the speed and the dif-
ference between the y-coordinate and the initial launch height. Thus, if we release a
projectile from a certain height above ground and want to know the speed with which
(3.11) it hits the ground, it does not matter if the projectile is shot straight up, or horizontally,

X=X, + 0,0
or straight down. Chapter 5 will discuss the concept of kinetic energy, and then the

D, = Dyq- (3.12) reason for this seemingly strange fact will become more apparent.
Just as in Chapter 2, we use the notation v, = v,(t = 0) for the initial value of the Concept Check 3.3
x-component of the velocity. The kinematical equations for the y-direction are those AT e top of the trajectony of anny
) ) ) i projectile, which of the following
for free-fall motion in one dimension: statement, if amy., is (are) true?
_ 1 2 . . .
U=, + Uyﬂ[' L Self-Test Uppﬂr‘lunl‘ly 31 a) The acceleration is zero.
. By The x—com ponent of the
y=1y + ot Whatisthede;:endenceuf|v|unthe acceleration is zero.
0 4 xoordinate? cld The p—component of the

acceleration is zero.
v, =1n — gt
Y 40 g bt d)y The speed is zero.

2) The x—com ponent of the welocity is

Eg =%{U!’f + U!ﬁ]} [3.16} Ferc.

fy The p—component of the welocity is

vy = Vg0 = 29(y = o). (3.17) e




% Calculate the components of a velocity vector (vx, vy, vz) by the time

STUDENT TEXTBOOK (67-72),(74-78),(80-83)

derivative of the position vector.
18 % Define maximum height, range of a projectile and time of flight.

Q. (3.27/3.39)

wvelocity that thien mowves only under the force of gravity.)
2- Trajectorsy: The path of a projectile through space.
3- Flight timme: The amount of time that a projectile is in the air.
4- Range: The horizontal distance traveled by a projectile.

the ranmge (R), or how far the projectile will travel horizontally before I:Etu.rln_ing to its
original wvertical position, and the maxirmurm height (H) it will reach. These guanrtiries
R and H are illustrated in Figure 3.11. We find that the maximum height reached by
the projecrtile is

.
— o (3.24)
H = -+ -
Lo 2g
WWe'll derive this eguation below. We'll also derive this equation for the range:
e
R = 29 sin 24, (3.25)
aq
where o, is the absolute wvalue of the initial wvelocity wvector and & is the launch angle.
The maximum range, for a given fixed walue of o, is reached when 8, — <45°.
=
s DS

[ H\ Rt‘nax% o =
= \ B . R

), Ly cos fy

e ——

FihssSUOURE = 11 T he muascirmurm heig bt (recdh
Emdad ramnge (greaen)  of a projectle

1- Projectile: An object shot through the air or (the motion of an object given initial

% Calculate the maximum height, range of a projectile and the time of Q. (3.43/3.47) 86-87
flight for a projectile.
Projectile Motiorn
Wocabuonlary CﬂﬂCEp‘t Ch ECH 3.4

A projectile is launched from an initial
height y, = 0. For a given launch
angle, if the launch speed is doubled,
what will happen to the range, R, and
the time in the air, £, 7?

a) R and &, will both double.
b) R and &, will both quadruple.

c) R will double, and t_, will stay the
same.

d) R will guadruple, and {f_, will double.
e) R will double, and £, will quadruple.

loation on the ceck. The reference rame from which we view motion makes a big cifer-
ence in how we describe the motion, producing an effect known as relative velocity.

- . 1 1 1



% Calculate the components of a velocity vector (vx, vy, vz) by the time
derivative of the position vector.
18 % Define maximum height, range of a projectile and time of flight.

STUDENT TEXTBOOK (67-72),(74-78),(80-83)

Q. (3.27/3.39)

: . . . 86-87
% Calculate the maximum height, range of a projectile and the time of Q. (3.43/3.47)
flight for a projectile.
Angled Launches The position vector for projectile motion is
1- When a projectile is launched at an angle, the initial velocity has a ——— 5
vertical component as well as a horizontal component o dih dvion o is
2- If the object is launched upward, like a ball tossed straight up in the air, i a5 e, . @
it rises with slowing speed, reaches the top of its path, and descends with F Vg Vet Ve W’leﬁ'wﬁy' %)
increasing speed. Acceleration vector is )
a=(0,-g)=—gy. (3.10)

3- The adjoining figure shows the separate vertical-an Horizontal-motion

diagrams for the trajectory of the ball

4- At each point in the vertical direction, the velocity of the

object as it is moving upward has the same magnitude as when

it is moving downward

5- The only difference is that the directions of the two

velocities are opposite

6- The adjoining figure defines two quantities associated with

a trajectory

7- One is the maximum height, which is the height of the projectile when
the vertical velocity is zero and the projectile has only its horizontal-
velocity component

8- For football punts, flight time is often called hang time.
9- The forces that effect in the projectiles: 1- air resistance
of gravity

2- force

B S

+ Inx axis acceleration is zero, in y axis acceleration is constant (9.81) and downward.
# This is motion with constant velocity in X direction and Free Fall in Y direction ( make sense © )

1#;5in0 9;5in8
9, = 9,Cosh AX = 9,Cosb X t t=— t=2 ‘;‘
g
(9. Sin@)* 9 2
Ay=—"12__° —
= v &+,
I- Horizontal Projectile
vi=ﬁTx Ax = v, t = 1.t i For range)
t = % For flight time Ay = zi gt
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% Calculate the components of a velocity vector (vx, vy, vz) by the time
derivative of the position vector.

% Define maximum height, range of a projectile and time of flight.

% Calculate the maximum height, range of a projectile and the time of
flight for a projectile.

STUDENT TEXTBOOK (67-72),(74-78),(80-83)

Q. (3.27/3.39)
Q. (3.43/3.47)

86-87

3.27 An object moves in the xy-plane. The x- and y-coordinates of the object as

a function of time are given by the following equations:
X(t)=4.9t2+2t+1 and y(t)=3t+2.

What is the velocity vector of the object as a function of time?

What is its acceleration vector at the timet=2s?




% Calculate the components of a velocity vector (vx, vy, vz) by the time STUDENT TEXTBOOK (67-72),(74-78),(80-83)

derivative of the position vector.
18 % Define maximum height, range of a projectile and time of flight. Q. (3.27/3.39) 86-87
% Calculate the maximum height, range of a projectile and the time of Q. (3.43/3.47) i
flight for a projectile.

3.39 A rabbit runs in a garden such that the x- and y-components of its displacement
as functions of time are given by
x(t) =-0.45t2-6.5t + 25 and y(t)=0.35t2+8.3t+34.
(Both x and y are in meters and t is in seconds.)
a) Calculate the rabbit’s position (magnitude and direction) at t = 10.0 s.
b) Calculate the rabbit’s velocity at t = 10.0 s.
c) Determine the acceleration vector at t = 10.0 s.




% Calculate the components of a velocity vector (vx, vy, vz) by the time STUDENT TEXTBOOK (67-72),(74-78),(80-83)

derivative of the position vector.
18 % Define maximum height, range of a projectile and time of flight. Q. (3.27/3.39) 86-87
% Calculate the maximum height, range of a projectile and the time of Q. (3.43/3.47) i
flight for a projectile.

3.43 football is kicked with an initial speed of 27.5 m/s and a launch angle of 56.7°.
What is its hang time (the time until it hits the ground again)?
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% Calculate the components of a velocity vector (vx, vy, vz) by the time
derivative of the position vector.

% Define maximum height, range of a projectile and time of flight.

% Calculate the maximum height, range of a projectile and the time of
flight for a projectile.

STUDENT TEXTBOOK (67-72),(74-78),(80-83)

Q. (3.27/3.39)

Q. (3.43/3.47) 86-87

3.47 7 A football player kicks a ball with a speed of 22.4 m/s at an angle of 49.0° above

the horizontal from a distance of 39.0 m from the goal-post.

a) By how much does the ball clear or fall short of clearing the crossbar of the
goalpost if that bar is 3.05 m high?

b) What is the vertical velocity of the ball at the time it reaches the goalpost?




% Solve problems related to objects on horizontal, vertical, or inclined STUDENT TEXTBOOK (96-102), 103-112),
planes in situations involving friction, draw free-body diagrams and (113-118)
apply Newton’s second law.
19 % Solve problems related to multiple connected masses moving in a g GL‘\EEKIJ!;I:;}LELE;} ig;
system and involving friction (e.g., Atwood machines) connected by - (4.2)
light strings with tensions (and pulleys). Q(4.26/4.75/4.79/4.81) 122-125

4.3 Net Force

Because forces are vectors, we must add them as vectors, using the methods developed in
Chapter 1. We define the net force as the vector sum of all force vectors that act on an object

Frr=» F=F+F+ +F,. (4.5)
Newton’s First Law:

If the net force on an object is equal to zero, the object will remain at rest if it
was at rest. If it was moving, it will remain in motion in a straight line with the
same constant velocity.

Newton’s Second Law:

If a net external force, Fier, acts on an object with mass m, the force will cause
an acceleration, a, in the same direction as the force:

=t

Foe = ma.
Newton’s Third Law:

The forces that two interacting objects exert on each other are always exactly
equal in magnitude and opposite in direction:

=r =8
-Fi—t2= --F2—t1'

force vectors that act on it are draw, is called 2 ﬁee—bn{iy diagram.

A
N
-
FS
Y FIGURE 4.6 Force of gravity acting
(b) downward and normal force acting upward
exerted by the hand holding the laptop
computer.

Concept Check 4.2

Choose the set of three coplanar vectors that sum to a net force of zero: 151 + 1:7 + 1-35 =0

A
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% Solve problems related to objects on horizontal, vertical, or inclined
planes in situations involving friction, draw free-body diagrams and
apply Newton’s second law.

% Solve problems related to multiple connected masses moving in a
system and involving friction (e.g., Atwood machines) connected by
light strings with tensions (and pulleys).

(113-118)

STUDENT TEXTBOOK (96-102), 103-112),

EXAMPLE. (4.2)
SOLVED PROBLEM. (4.2)
Q (4.26/4.75/4.79/4.81)

101
105
122-125

4.7 [ Friction Force

Friction always resists the motion so
it is in opposite direction of the object
motion

B Friction is independent of the
speed of the object

B Frictionis independent of the size
of the contact area between object
and surface
B Friction is depend on the roughness
of the surface

@ No friction for smooth surface

B There is a linear proportional
between normal force (N) and friction
force f

Identify tho t

ype of friction
———
Fyou on coucn

"

Static fricti
to balan

force acting on the couch when it begins to move
4. ﬁ—. S
—_—
" F,
P to a maximum The o tes when the applied
ree. forca raximum static fric-
tion

-* There is two kinds of friction

1- Static friction: it is an opposing force
that keeps the object from moving (no
move) . it is increase as the applied force
increases until the maximum static
friction force increase possible between
the two surfaces
2- Kinetic friction: it is an opposing force
on an object when it is moving. It stays
constant when the object is in motion.

-* The coefficient of friction( i )Jdepends
on the composition and qualities of the
surfaces in contact, and always it is a
decimal number O <u<1

The science of friction has a name:

Applied

Force
o 2

—._
- = f

The relationship
f

0.5

max static — Hs N

tribolo N
8Y-
Threshold

60 | of motion
@
= S50 e
s s
Z 2 aof
S 2 static
s ?, = friction
— — - -
i% = 20l Static friction

force just
matches the
applied force.

kKinetic
friction
w _=o0.4a

applies only to the
threshold of motion.
For lower applied
forces the static
friction will just
match the applied
force to prevent

50 oo

20 40

e on.
OO

Applied force F in newtons

Always the coefficient of static friction

( us,max )bigger than the

coefficient of kinetic friction ( uk) us,max> uk because

fsmax> fk

kinetic friction equation || static friction equation

fi [N] = kinetic friction

fommax [N] = maximum static friction

[ = M Fy Fsmax = HsFn F, [N) = normal force
i [=] = cof fiecent kinetic friction
- u; [—] = cof fiecent static friction




% Solve problems related to objects on horizontal, vertical, or inclined STUDENT TEXTBOOK (96-102), 103-112),
planes in situations involving friction, draw free-body diagrams and (113-118)
apply Newton’s second law.
19 % Solve problems related to multiple connected masses moving in a 30 L\EEEI?E;EELE;] igé
system and involving friction (e.g., Atwood machines) connected by - (4.2)
light strings with tensions (and pulleys). Q(4.26/4.75/4.79/4.81) 122-125
Air Resistance The factors effect on terminal speed

1- Object mass when K is constant , the massive one will be fast

The drag force in this example is the air resistance 2-Drag coefficient , there is inversely proportional between( K ) and v opminal

*- When the person goes down his weight (Fg)does not change K=1/2CpAp
*_ When the person goes down the velocity increases so the drag force The factors effect on the constant of drag force
increases, too 1- Size of cross sectional area (A) exposed to the air stream (linearly proportional
*_ When the person goes down Frer decreases because drag force increases bE‘tWEE‘"( "_‘l and (_A} _
Foet = F 2- Air density p (linearly proportional ) | o |
*_In one point in the air{fluid) ,drag force equals person weight[fg) and 3- Drag constant Cp shows ( the shape of the object, on its inclination relative to

Fe=0  EFE ;the person will complete his motion with the final velocity the direction of motion on air viscosity and compressibility

which reach it in this point(terminal velocity) )
£ and F Q1) Why do you open the parachute when you are falling?

% : T : — -
i Termmal.velouty 5d cons_tant velocity when E*Q_ g ~et ™ 0 Answer: because the surface area of the parachute is big so constant drag (K)
*- the terminal speed equation  Fyq =Fg = Kv*

will be increase but velocity will be decrease because of the inversely
proportional between (K and V termina1 ) 50 When the terminal speed
= 10 K=J.l A decreases it protects the person when reaching the ground
K = 2 WAp.



% Solve problems related to objects on horizontal, vertical, or inclined STUDENT TEXTBOOK (96-102), 103-112),
planes in situations involving friction, draw free-body diagrams and (113-118)
apply Newton's second law.
19 % Solve problems related to multiple connected masses moving in a S0 L‘EEEK;I:;;}LELE;} ig;
system and involving friction (e.g., Atwood machines) connected by - (4.2)
light strings with tensions (and pulleys). Q(4.26/4.75/4.79/4.81) 122-125

MXAMPLE 4.2 _j’f Still Rings

-
S gwvyrmmnast of rmass 55 kg hangs wvertically from a pair of parallel rimgs (Figure < 10al.

PROBLEM -1
If thhe ropes supporting thhe rings are vertical and artached to the ceilingeg directlwy abowe,

wwhar is thhe rension in ecach rope?

|
= L8
". " o T
= ;’_.______’___._.——‘L ' L i—
- - 0 .

Ca L =] L= ]
FIGURE 410 (a) Still rings in men's gymnastics. (b)) Free-body diagram for problem 1. (c) Free-body diagram

for problem 2.



% Solve problems related to objects on horizontal, vertical, or inclined
planes in situations involving friction, draw free-body diagrams and

STUDENT TEXTBOOK (96-102), 103-112),

19 apply Newton’s second law.

% Solve problems related to multiple connected masses moving in a
system and involving friction (e.g., Atwood machines) connected by
light strings with tensions (and pulleys).

(113-118)
EXAMPLE. (4.2) 101
SOLVED PROBLEM. (4.2) 105
Q (4.26/4.75/4.79/4.81) 122-125

SOLVED PROBLEM 4.2 |’fTwn Blocks Connected by a Rope

PROBLEM
Whart is the acceleration of block 1 and of block 2?

In this classic problem, a hanging mass causes the acceleration of a second mass thart is
resting on a horizontal surface (Figure 4.16a). Block 1, of mass m; = 3.00 kg, rests on a hori-
zontal fricdonless surface and is connected via a massless rope (for simplicity, oriented in
the horizonrtal direction) running over a massless pulley to block 2, of mass m, = 1.30 kg.

(a)




% Solve problems related to objects on horizontal, vertical, or inclined STUDENT TEXTBOOK (96-102), 103-112),
planes in situations involving friction, draw free-body diagrams and (113-118)
apply Newton's second law.
19 % Solve problems related to multiple connected masses moving in a S DL‘\EEK;I;’H;:DLELE;} ;g;
system and involving friction (e.g., Atwood machines) connected by - (4.2)
light strings with tensions (and pulleys). Q(4.26/4.75/4.79/4.81) 122-125

A2 A poweer truack of rmmass Ad ks using a cable oo pull a shipping concairner
aof rmass e across a hordzonoal surface as showwn in the figure. The cable is
arwached vo rthe conraimner ar the frone boroorm cormeer and makes an angle &
wwrith rthe swserrical as shossaomn. The coefficient of kinecic fricrion bemsasreaen the
surface and the crace is g

a) Diraw a free-bodyw diagram for the conrainer.

B} Acsuming thar cthe ouck pulls e conuainer ar a conscant speed, wrice
an eqguation for rthe magmitude T of the soing rension in che cable.



% Solve problems related to objects on horizontal, vertical, or inclined STUDENT TEXTBOOK (96-102), 103-112),
planes in situations involving friction, draw free-body diagrams and (113-118)
apply Newton’s second law.
19 % Solve problems related to multiple connected masses moving in a SO L‘\EEKI?I;IEEL{E‘;!;] igé
system and involving friction (e.g., Atwood machines) connected by - (4.2)
light strings with tensions (and pulleys). Q (4.26/4.75/4.79/4.81) 122-125

4.75 A block of mass 20.0 kg supported by a vertical massless cable is initially at rest.
The block is then pulled upward with a constant acceleration of 2.32 m/s2
a) What is the tension in the cable?
b) What is the net force acting on the mass?
c) What is the speed of the block after it has traveled 2.00 m?




% Solve problems related to objects on horizontal, vertical, or inclined STUDENT TEXTBOOK (96-102), 103-112),
planes in situations involving friction, draw free-body diagrams and (113-118)
apply Newton’s second law.
19 % Solve problems related to multiple connected masses moving in a 30 L‘\EE}CI??;EELE!:] :gé
system and involving friction (e.g., Atwood machines) connected by . (4.2)
light strings with tensions (and pulleys). Q(4.26/4.75/4.79/4.81) 122-125

4.79 A tractor pulls a sled of mass M = 1000. kg across level ground.
The coefficient of kinetic friction between the sled and
the ground is pk = 0.600. The tractor pulls the sled by a rope that
connects to the sled at an angle of 8 = 30.0° above the horizontal.
What magnitude of tension in the rope is necessary to move the
sled horizontally with an acceleration a =2.00 m/s2?




% Solve problems related to objects on horizontal, vertical, or inclined STUDENT TEXTBOOK (96-102), 103-112),
planes in situations involving friction, draw free-body diagrams and (113-118)
19 apply Newton'’s second law. 101
% Solve problems related to multiple connected masses moving in a EXAMPLE. (4.2)
system and involving friction (e.g., Atwood machines) connected by SOLVED PROBLEM. (4.2) 105
light strings with tensions (and pulleys). Q (4.26/4.75/4.79/4.81) 122-125

4.81 A block of mass 5.00 kg is sliding at a constant velocity down an inclined plane
that makes an angle of 37.0° with respect to the horizontal.
a) What is the friction force?
b) What is the coefficient of kinetic friction?
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