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* We find all around us.
* One purpose of physics 1s to study the motion of objects
*how fast they move
*how far they move 1n a given amount of time...
* The classification and comparison of motions:
1.We study the basic physics of motion where the object moves along a
single axis (1D). -
2. Forces cause motion. —#_—;j%ﬁxa*’ f wi g S
*We will find out, as a result of apphcat10n of force, if the objects
speed up, slow down, or maintain the same rate.
3.The moving object here will be considered
*If we deal with a stiff, extended object, we will assume that all
particles on the body move in the same fashion. " =& £
*We will study the motion of a particle, which will represent the

entire body. e

= [
o oM
L] _?
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* To locate an ObjeCt =10 ﬁnd ltS Positive clir;-:ticm
position relative to some reference e
pOint ( )' _I?‘ _lg _ll 'lj 1' é "% x (m)
Origin ol

* A change from position x, to position x, is called a

—  Ax: A (delta): change in quantity (x-x.) Ax = x; — X
* Displacement is a (has both a direction and a
magnitude). Axr = r9 — @I & |.r'i"1i:_'| = |i!_'g| — |i!_]|

* An object’s displacement is -4 m means that the object has moved
towards decreasing x-axis by 4 m. The direction of motion, here, 1s
toward decreasing X.

* Fromx=5mtox =12 m: Ax =7 m (positive direction)

* Fromx =5 mtox =1 m: Ax = -4 m (negative direction)

* Fromx=5Smtox=200mtox=5m: Ax=0m
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How Fast? = Average Velocity

* How to describe position? Plot x as a function of t : graph of x(t)
* Ex: Straight-line motion of an animal (an object): How fast does this

animal move? :
x(t) Average Velocity:| Unit: m/s

x(m)

Ax X,k
Vi — ——— =
e At L L

V ... The slope of the straight

avg*®

 (s) 11ne that connects two particular
points on the x(¢) curve.

V .. has both magnitude and

avg

direction (it 1s another vector
quantity)
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How Fast? > Average Speed

* Calculation of the average velocity between ¢ =1s and ¢ =4s as the
slope of the line that connects the points.

Start

Februarv 21. 2022

.
-
—
n
o

* Positive slope means positive

average velocity ,ﬁ//

* Negative slope means negative

average velocit 'l
End of intf-%'al y \\

This vertical distance is how far
1t moved, start to end:
Ax=2m—-(—4m)=6m 6 m

= 2 m/s.

]
Vava

lsd

5

This horizontal distance 1s how Eng

it took, start to end:
Af=4s—-1s5s=3s
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How Fast? = Average Velocity & Speed !

Q

A: Average velocity involves the particle’s

total distance ¢ Average speed is always
= At positive (no direction)

* Because average speed does not include direction,
it lacks any algebraic sign! Average velocity = -3
m/s; average speed = 3 m/s

* Cars on both paths have the same average velocity since
they had the same displacement in the same time interval

* The car on the blue path will have a greater average speed
since the path length it traveled is larger AK Lecture Notes
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What 1s the difference btw Ave velocity ans Ave speed? Chany

in &y,

x, the average
speed involves the covered independent of direction!

3._

ol
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* Example: You drive a truck along a straight road for 8.4 km at 70
km/h, at which point the truck runs out of gasoline and stops.
* Over the next 30 min, you walk another 2.0 km farther along the road

to a gasoline station.
(a)What 1s your overall displacement from the beginning to your arrival

at the station? Ay — 5, —%; = 104 km — 0 = 10.4 km.

(b)What is the time interval ¢ from the beginning of your drive to your
arrival at the station?

— Driving ends, walking starts.

) B "ﬁ'-rdr X f,.
avg.dr fﬁrd;— . 19 If
_ . ] i ’,.f ) s b Slope of this
Rearranging and substituting data then give us 1] / Walking I line gives
|- L= L= .-'l::\. ¥ g
& 8 average
. _ Ax 4 _ 8.4 km _ g velocity.
Aty = = —017h. B
Vave dr 70 km/h 3 How far:
| = 4 Ax =10.4 km
SD. ﬁf — ."lrdr e ﬂ..i",_,..m 9
=0.12h + 0.50 h = 0.62 h. 0. ;
0 0.2 0.4 06
Time (h) S
N How long:
At =0.62 h
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(c)What is your average velocity v, fromthe —  Ax 104 km
beginning of your drive to your arrival at Yot T Ar T 0.62h
the station? Find 1t both numerically and = 16.8 km/h = 17 km/h.
graphically.

(d)Suppose that to pump the gasoline, pay for it, and walk back to the
truck takes you another 45 min. What 1s your average speed from the
beginning of your drive to your return to the truck with the gasoline?

Calculation: The total distance 1s 8.4 km + 2.0 km + 2.0
km = 12.4 km. The total time interval 1s 0.12 h + 050 h +
0.75 h = 1.37 h.Thus, Eq. 2-3 gives us

Savg = 112..21?1([1;1’1 = 9.1 km/h. (Answer)
v = bx_

“E ont AL
=
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* “How fast” more commonly refers to how fast a particle 1s moving at a
leen Instant— This plot shows the average velocity being
) AN measured overshorter and shorter intervals.
v = lim = The instantaneous velocity is tangent to the
At—0 At dt cu

v=100m/s

* At a single moment in time,
obtained from average
velocity by shrinking Az.

* v. the rate at which position x v>0?
1s changing with time at a
given instant (

V=07?

o

Position, x (m)

V<0?

{(s)
AK Lecture Notes

).

* Speed 1s the magnitude of velocity (velocity that has been stripped of
any indication of direction).
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Example:

Figure 2-6a i1s an x() plot for an elevator cab that is initially
stationary, then moves upward (which we take to be the pos-

itive direction of x), and then stops. Plot v(1).

25

20

15

Position (m)

10

5 6]

Time (s)
(@)

Slope
of x({)

vi(t)

The slope of
x(?), and so also
the velocity v, is
zero from 0 to 1
s, and from 9s
on.

During the
interval bc, the
slope is constant

Slopes on the x versus t graph
are the values on the v versus t graph.

Velocity (m/s)

d

Februarv 21. 2022

-+

5 6
Time (s)

(B)

-

8

9

i

and nonzero, so
the cab moves
with constant
velocity (4 m/s).

Slopes on the v versus t graph
are the values on the a versus ¢ graph.

KEY IDEA

We can find the velocity at any time from the slope of the
x(t) curve at that time.

Calculations: The slope of x(t), and so also the velocity, is
zero in the intervals from O to 1 s and from 9 s on, so then
the cab is stationary. During the interval bc, the slope is con-
stant and nonzero, so then the cab moves with constant veloc-
ity. We calculate the slope of x(f) then as

Ax 24m — 4.0m

ax = +4.0 m/s.
At 80s —30s s

=yp= (2-5)
The plus sign indicates that the cab is moving in the positive
x direction. These intervals (where v = 0 and v = 4 m/s) are

plotted in Fig. 2-6b. In addition, as the cab initially begins to

move and then later slows to a stop, v varies as indicated in
the intervals 1 s to 3s and 8s to 9 s. Thus, Fig. 2-6b is the
required plot. (Figure 2-6¢ is considered in Section 2-6.)

Given a v(f) graph such as Fig. 2-6b, we could “work
backward” to produce the shape of the associated x(¢) graph
(Fig. 2-6a). However, we would not know the actual values
for x at various times, because the v(f) graph indicates only
changes in x. To find such a change in x during any interval,
we must, in the language of calculus, calculate the area
“under the curve” on the v(f) graph for that interval. For
example, during the interval 3 s to 8 s in which the cab has a
velocity of 4.0 m/s, the change in x is

Ax = (40 m/s)(8.0s — 3.0s) = +20 m. (2-6)

(This area is positive because the v(r) curve is above the
1 axis.) Figure 2-6a shows that x does indeed increase by 20
m in that interval. However, Fig. 2-6b does not tell us the
values of x at the beginning and end of the interval. For that,
we need additional information, such as the value of x at
some instant.

PHY 101 Phvsics I © Dr Cem Ozdogan
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* Average acceleration 1s the change of velocity v, — v, Av
over the change of time. £% 1} - 7&@;&? G = T A
* Instantaneous acceleratlon is the rate at T e
which its velocity i1s changing at that instant. @m = ( i ) ="
— In terms of the position function, the Lo v
acceleration can be defined as: di | 7 m—, L
— The SI unit for acceleration is m/s>. o J—@
* Acceleration has both magnitude and direction (vector I
quantity). % g
— If a particle has the for velocity and O— 0
acceleration, then that particle 1s speeding up. o
— If a particle has for the velocity and © oy
acceleration, then the particle 1s slowing down. "@ﬂg
Example: If a car with velocity v =-25 m/s is braked to a stop RS
in 5.0 s, then a =+ 5.0 m/s%. Acceleratlon 1s posmve but speed « P
has decreased. ML ) ( me/_r) _zg-_mﬁ_ %
oPP%‘)]J;;SiEJW g ijn:j CS?E; :_1,_5 W?/J—l P —

Februarv 21. 2022 PHY 101 Phvsics I © Dr Cem Ozdogan 13
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. L B RS A9 - =
(2) . Tihhe. N . SR
~a =0
V e =i o —— — swm.w@&
S"Wr’p (b) Toms e T o g (é’ﬂ O/IW
S«”_ﬁ‘f’ 2 A —— W . WP W ML —_ ‘
- 1 i e e —r — Be gy =R

W  — e — —- o Céu,a_m A

R L

QWL xﬁ&« e et g ooty
T o,

o ¢T d - . - = -
(a)Motion diagram for a car moving at (zero acceleration).
(b)Motion diagram for a car whose 1s in the direction of

its velocity.
— The velocity vector at each instant is indicated by a red arrow, and the

constant acceleration is indicated by a violet arrow.
(c)Motion diagram for a car whose 1s in the direction
opposite the velocity at each instant.
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* Our bodies often but not to
velocities. A fast car often does not bother the rider,
but a sudden brake 1s felt strongly by the rider. This 1s
common 1n amusement car rides, where the rides
change velocities quickly to thrill the riders.

* The magnitude of acceleration falling
, and 1s often referred to as g.
Woa 7.
a7 mfane((o oy
Epertt

In a rocket sled, which undergoes sudden change in velocities.
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* When acceleration 1s 0 x
Example : :
. (e.g. interval bc) velocity -
Continued is constant. _ x(t)
* When acceleration is g5
o . g
positive (ab) upward A 10
velocity increases. ?
* When acceleration is CRETE I A
. Tl Slopes on the x versus t graph
negatlve (Cd) upward ® ISlope are the values on the v versus ¢ graph.
velocity decreases. v / o
* Steeper slope of the ! :

velocity-time graph =

indicates a larger

Velocity (m/s)

v(t)

magnitude of acceleration:

the cab stops in half the
time it takes to get up to
speed.

Fig. 2-6 (a) The x(¢) curve for an eleva-

t
5 6

Time (s)
(b)

7

Slopes on the v versus t graph
are the values on the a versus f graph.

tor cab that moves upward along an x axis.
(b) The v(t) curve for the cab. Note that it is
the derivative of the x(f) curve (v = dx/dt).

Acceleration (m/s%)

1 1
I-LWII\'J'—'O'—'MW

a(t)

Deceleration

(c) The a(t) curve for the cab. It is the deriv-
ative of the v(¢) curve (a = dv/dr). The stick
figures along the bottom suggest how a pas-
senger’s body might feel during the
accelerations.

Februarv 21. 2022
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A particle’s position on the x axis of Fig. 2-1 is given by

WE) ~o x=4-2T1+1,

with x in meters and  in seconds.

U . &
g o £
(a) Because position x depends on time ¢, the particle must
be moving. Find the particle’s velocity function v(f) and ac-

celeration function a(r). a « ¢
NoOT

KEY IDEAS

(1) To get the velocity function v(r), we differentiate the po-

sition function x(f) with respect to time. (2) To get the accel-

eration function a(r), we differentiate the velocity function

v() with respect to time.

Calculations: Differentiating the position function, we find
v=-27+ 3% (Answer)

with v in meters per second. Differentiating the velocity

function then gives us
Coprlpe et

a = +6t,

with a in meters per second squared.

Ej_{ (c) Describe the particle’s motion for 7 = 0.

. x(ﬁcr_u]:f_;m, &2z m-

Example° z-(e :\\ For/ s - 26 m/s
. - (é:n = @m/}'z—
which has the solution ol é= 1
= +35s (Answer)

Thus, the velocity is zero both 3 s before and 3 s after the

clock reads 0. ER o
e -— <

—_—

>3

Reasoning: We need to examine the expressions for x(7),

v(1),and a(r).

At 1= 0 the particle is at x(0) = +4 m and is moying

: ; v 0) = m/s—that is, in the negalive

= () because just
- sVe oc1tyls not changing.

For 0 <t < 3 s, the particle still has a negative velocity, so
it continues to move in the negative direction. However, its
acceleration is no longer 0 but is increasing and positive.
Because the signs of the velocity and the acceleration are
opposite, the particle must be slowing.

Indeed, we already know that(it stops momentanly :
(| = 3 s. Just then the particle is as far :
in Fig. 2-1 as it will ever get. Substituting 1 =3 s mto the

. U €& expression for x(7), we find that the particle’s position just then
(b) Is there ever a time when v = 0? \$~oc-C is x = —50 m. Its acceleration is still positi
. : . Fort > 3 s, tl articl to the right the 2 It
Calculation: Setting v(f) = 0 yields g OC ConlS7n 0_1 - S_ SRt 0 flg on‘ e_ .
E acceleration remains positive and grows progressively
0=-27+37, larger in magnitude. The velocity is now positive, and it too
erows progressively larger in magnitude.
Februarv 21. 2022 PHY 101 Phvsics I © Dr Cem Ozdogan 17
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* In many cases acceleration is constant, or nearly so.
9

* When the acceleration 1s constant, its average and instantaneous

acceleration values are the same.

U

V= W

Here, velocity at t=0 1s v_.

Ry = Bepn {

: t—0

X — X — ’
Vavg - ‘ X = Xp TV J L, T

T 0 ok
(1 ok

= r-a..p{,{;

T
4 i

Average = ((initial) + (final)) / 2: Vayg =

finally leading to

X — Xo = vt + yat?.

Eliminating t from the Equations (1) and (2):

Db=n o) : : -
Ve = Vp s 2(’(.\ = .\[)). (3)

‘ S special equations \

Februarv 21. 2022

(2)

x — xg = 3(vy + V)t

x—x0=vt—%at2

PHY 101 Phvsics I © Dr Cem Ozdogan

&l

e % (VOD

4
(5)

18



1ZM0R

2-7 Constant Acceleration: A Special Case / [t
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Equations for Motion with Constant

Acceleration”

Equation Missing

Number Equation Quantity
2-11 V¥V =¥y + at A = Xp Usually
2-15 X = Xg = vl + Jl-;.ﬂ!i?E v needed to

L2 = solve

2-16 = v + Zﬂ{x o IIII') questions
2-17 X — xp = i[""n i a
2-18 x—xﬂ=vt—%a£2 Vg

“Make sure that the acceleration is indeed
constant before using the equations in this table.

Februarv 21. 2022 PHY 101 Phvsics I © Dr Cem Ozdodan 19
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* Integrating constant x VA
acceleration graph for a

fixed time duration yields ~ X

values for velocity graph :j Slope varies

during that time. 0 | : Slopes of the position
e Similarly, integrating v ﬁ " tgl::ﬁzliem'f';‘aﬁ_““

velocity graph will yield

values for position graph. vée t

Slope = a

Velocity

* Note that

=
=

means | ‘
0 Slope of the velocity

— a velocity with a ﬁ ®) graph is plotted on the
a acceleration graph.
constant slope (v~t), _

alf)

Slope =0 @ o O M/'é‘l:é/

(c)

— a position with varying
slope (unless a = 0) J
(x~t?).

Februarv 21. 2022 PHY 101 Phvsics I © Dr Cem Ozdogan 20
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2-7 Constant Acceleration: A Special Case

Figure 2-9 gives a particle’s velocity v versus its position as it
moves along an x axis with constant acceleration. What is its

velocity at position x = 0? V0

KEY IDEA

We can use the constant-acceleration equations: in particu-
lar, we can use Eq. 2-16 (v = vj + 2a(x — x;)). which relates
velocity and position.

y P V(X)

First try: Normally we want to use an equation that includes
the requested variable. In Eq. 2-16, we can identify x; as 0 and
vy as being the requested variable. Then we can identify a sec-
ond pair of values as being v and x. From the graph, we have

The velocity is 8 m/s when
the position is 20 m.

The velocity is O when the

1ZM0R
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Example:

FrvL—LV\}

Seond. L‘g_,'* 20 ONfS:lm,ﬂ.
~—7a_ (V0.4 m/

B
&

"”J?

two such pairs: (1) v =8 m/s and x = 20 m, and (2) v = 0 and
x = 70 m. For example, we can write Eq.2-16 as

(8 m/s)? = v} + 2a(20 m — 0).

However. we know neither vy nor a.

(2-19)

Second try: Instead of directly involving the requested
variable, let’s use Eq. 2-16 with the two pairs of known data,
identifying vy = 8m/s and xy = 20m as the first pair and
v = 0 m/s and x = 70 m as the second pair. Then we can write

(0m/s)? = (8 m/s)? + 2a(70 m — 20 m),
which gives ,

ubstituting this value into

09 20 70 position is 70 m. Eq. 2-19 and solving e velocity associated with the
x (m) position of x = 0), we find
Fig. 2-9 Velocity versus position. vo = 9.5 m/s. (Answer)
Februarv 21. 2022 PHY 101 Phvsics I © Dr Cem Ozdodan 21



1ZMIR
gl KATIP CELER]
UNIVERSITESI

* Free-fall acceleration is the rate at Y Cartrriom Cordmod vypha

Ma 5y
which an obiject accelerates downward 1n Y
e b YR
the absence of air resistance. _ dvAna
* In this case objects close to the Earth’s N £ Avrinn
_f—)

surface fall towards the Earth’s surface
with no external forces acting on them

' : TABLE 2-5 Values of g at Different
except for their weight. alues of g at Differen

Locations on Earth (m/s2 )

* Use the constant acceleration model with  ocation Latitude "
“a” replaced by “-g”, where g = 9.8 m/s? North Pole 90°N  9.832
for motion close to the Earth’s surface. Oslo, Norway 60°N 9819

. Th 6 £ i in Table 2-1 Hong Kong 30°N 9.793

e eqlla lOIlS O mO lOll lll a e - QUitO, Ecuador Oo 9780

. f 9 l% % AK Lecture Notes
Earth's surface. =0T
;Z‘_;/ _{_L%’E-ijéz' y"[ﬁ,mw
—— ) -2/ Lﬁa

U"Z:Via—” ( ’D) L ’I(aC‘/L'E\ GDAVMJQE
FEP et

Februarv 21. 2022 PHY 101 Phvsics I © Dr Cem Ozdogan 29
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* In vacuum, a feather and an apple will fall  -¢ i 9
no air resistance 2 s
at the same rate. D=5 9% ggip/z! = " {‘Z i B
Independent of the properties of the * Ko 37‘24 bzgtt Y

ra

g 1Y m/s

object (mass, density, shape, see Figure) r

AK Lecture Notes

Februarv 21. 2022 PHY 101 Phvsics I © Dr Cem Ozdogan 23



2-9 Free-fall Acceleration

Example:

Februarv 21. 2022

In Fig. 2-11. a pitcher tosses a baseball up along a v axis, with

= 2

(a) How long does the ball take to reach its maximum

height? ymmm \9.:_ D) L7

(1) Once the ball leaves the pitcher and before it returns to
his hand, its acceleration is the free-fall accelerationa = —g.
Because this is constant, Table 2-1 applies to the motion. (2)
The velocity v at the maximum height must be 0.

an initial speed of 12 m/s.

Calculation: Knowing v, a, and the initial velocity
vp = 12 m/s, and seeking ¢, we solve Eq. 2-11, which contains

v '13’

V’ Ball
y = +Eh
L?: dl:l- —.9‘% v= I}al.-):l' —“éil"zs
highest point | :
t=To i
‘— L% é L _,. é 2 97 ag :\L ‘[g‘s:‘;.OM
y ‘—j =2 = Z 5 - __,i : :1\1-_,-_.—_.-'—
7 1 ( — |1 ] During
lj’:\Z —2—3, g"'y di | descent,
S During ascent, ~| ] = -cf.l'r
V-0 a.}& y ~ tdm :Pz;? decreases, : i h]::reases.
and veloci 1y and velocit
bl 11 | beromes
positive :* more
i} | megative
Fig. 2-11 A pitcher tosses a : b

baseball straight up into the air. = J -

The equations of free fall apply
for rising as well as for falling
objects, provided any effects
from the air can be neglected.

1ZM0R
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those four variables. This yields

v—vy, 0-12m/s
a —9.8 m/s®

(b) What is the ball’s maximum height above its release

point? y AP 7

Calculation: We can take the ball’s release point to be
vo = 0. We can then write Eq. 2-16 in y notation,sety — y; =
vand v = 0 (at the maximum height). and solve for y. We get

_vi—v§  0-—(12mk)
SR 2(—9.8 m/s2)

(c) How long does the ball take to reach a point 5.0 m above
its release point?

= = 1.2s. (Answer)

=73m.
.

(Answer)

Calculations: We know vy, a = —g. and displacement y —
vo = 5.0 m, and we want 1, so we choose Eq. 2-15. Rewriting
it for v and se}ting vp = O give us

Al

atd 1.2
g § Q9 = v = vt — 38",
Ve i
or 50m = (12 m/s)t — (3)(9.8 m/s?)r%
If we temporarily omit the units (having nmed'lzat they are
; ethi + (g2
consistent), we can rewrite this as '¢.'.-z. =0 T U467 gy
492 — 12t + 5.0 = 0, 2ot
i : bet C=0
Solving this quadratic €quation for 7 yields
t=053s and t=109s (Answer)

There are two such times! This is not really surprising
because the ball passes twice through v = 5.0 m, once on the
way up and once on the way down.

PHY 101 Phvsics I © Dr Cem Ozdodan 24
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_'.f_"f"pf_{"_ Al s Elmian, t.::zﬂ on bl valwé %f?@,% ﬁom-

q A”O,?'ﬂé af }@ﬂf. // Mﬁ J
1) Dobemine e o - i) Whene wil i 47 ” )

e &l also dobemine e \g =D
7 ad- o Emy a¢£ A7 j
U,.-:‘Od-/f '; 3:5'; ﬁ/j i -fF,L'ﬂM/,S 7 ~ge= u€ _—‘7_'}{ - J D mar
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1. During a hard sneeze, your eyes might shut for 0.50 s. If you are driving a car at
90 km/h during such a sneeze, how far does the car move during that time?

?) e
L"’E
Omm, 6’95 v a'@S

%#/2,5‘,,1 e (3 m

e
e
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X(t)

2. An electron moving along the x-axis has a position given by x=16fe* m, where ¢

1s in seconds. How far 1s the electron from the origin when it momentarily stops?
x=0) v=0

/4)241,;;5; VO, »vcz;z' K ~pes m% x (€)= /Jc‘g‘f
w A 2 & s 7% or 2
MWM57£ féa 703""’7%@“4/ coorci e

A A BT L ab) e sl
Fr=

. 76€ e ;

574:/@:; —:} U'-&ég{é S 20 o :2%5_@:%);_/65{ /ééeﬂf

D el L/f,_é) = f;_-r' sn (u({j_,_ /55.’“{2//-1-‘{]
VI =

we have ﬂﬂﬁc{ﬂ,ﬁ'—_—égﬂ : Aéw/ f/hzm/ﬂﬂiﬂ__é ’2:/1‘:/:73,)___-/6’/6)6-1
e ‘ : /= 5S-Tm |
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X(t)

3.The position of a particle moving along an axis 1s given by x=12¢-2¢, where x 1s in
meters and ¢ 1s in seconds. Determine (a) the position, (b) the velocity, and (c) the
acceleration of the particle at r=3.0 s . (d) What is the maximum positive coordinate
reached by the particle and (e) at what time is it reached? (f) What is the maximum
positive velocity reached by the particle and (g) at what time is it reached? (h) What
is the acceleration of the particle at the instant the particle 1s not moving (other than
at t=0)? (1) Determine the average velocity gf t;lgg p%rgcle between =0 and =3 s.

Y Om Sim Gom

QR RS " s

/Ej ZfJ:: g 3___. T 5
( Fi i 24 £ L= s7L ,g(;) max ¥ > \ 2=

L) 1t -35)_ /«(/3‘ 24t-64* > £=¢4

4 % ,;f) 2/2 S 2T " =4S

/) ( @) Lo = l=45)= (2% 16 - 284 = 68m
V-t )=24 L 6£2 i

i e / - z
0(¢=35)=24x(3p) ~bx{8) "= /m/ g ‘-L/ /“‘ e
s/ = May f —> d =
>f1|_/f)—-'s3‘4*'/’2f S & SIgus V’Q ?—26:/2;/ > &= e,
. =3¢ )= 4-—-/2 2 :*/2-‘:’;” ,_U‘/'-:Z:)):.f..éﬂ“?_—-fé wl=< ”?_,S
(€35m0 %L v EETS e
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3. (Continued) The position of a particle moving along an axis is given by x=12¢-2¢,
where x is in meters and ¢ 1s in seconds. Determine (a) the position, (b) the velocity,
and (c) the acceleration of the particle at r=3.0 s . (d) What 1s the maximum positive
coordinate reached by the particle and (e) at what time is it reached? (f) What is the
maximum positive velocity reached by the particle and (g) at what time is it reached?
(h) What is the acceleration of the particle at the instant the particle is not moving
(other than at r=0)? (1) Determine the average velocity of the particle between =0
and =3 s.

_\,f.{;i’{) (-?,:,2 r:,u/ﬁ'rz (=0 ”Jlum:t‘,’/m’ Y. ﬂz’uﬁc,’l@&gg_ j:%f/‘f
::>LL:Z;§ —> ('E/t(‘}f) 24—~ /2>s4—~£,4x,4/y( 1'v -ﬁ_v‘—

| | ' i
%) & ok £20 § le=0)=0m/s { V%o tYes

i

4 J L
LOL =3 ﬁ 'u;-( E- gj) = 1_.) "'7:"'/.5 ng}-- -.&L
ubhu,}\/"i\ no ”/ orra. {— / = J ﬁ’)/f

: ﬁu e NE fn“v !f-’L (Cﬂc,u,g JE Zz“(t/wff /) -~
ﬁjr -f;'%.:%_'. (ﬁﬂ&(’y)/ d%‘ L(ci,,gz )iu( M{LC/ : 2&}{_— _,) (fﬁ:’ = Y ~i};|f7|

at 55 0% J
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4.  An electron with an initial velocity v,= 1.50x10° m/s Nonaccelerating Accelerating

) o region region
enters a region of length L=1.00 cm where it 1s

electrically accelerated (see Figure). It emerges with I
v=15.70x10° m/s . What 1s its acceleration, assumed v

0
constant?  eme———— S — >V

29) Combok aushebion. X basits + 3 derled egns
", = 1.30%/0 Sﬂ’/; = WK ¥ 'k%lfia,(%z-ﬁ)
e, r%xzﬁém/r =4 é?ﬂ;{/f?"fw ks K} 50 x.fi?f}%) + flﬂ-[ C}"J/”")
L= 4.00 em=0.00 m == Fé}?&fﬂ‘ﬁé}lﬂ—/ﬂmﬁﬁsﬁé)—“: /ré’zw}f:%l
' e OR. =
% ’)[-2’9;—'—?‘,‘{-{4‘;.%@{ & v tat X
2 unknowns (t,a)

0
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2 Solved Problems

(1P

a

constant!
The brakes on your car can slow you at a rate of 5.2 m/s2. (a) If you are going

137 km/h and suddenly see a state trooper, what is the minimum time in which
you can get your car under the 90 km/h speed limit? (b) Graph x versus t and v

assume as

versus t for such a slowing. .
) e €

30% Ruke @[? E/Aw@ ’é\;: = ?[OWW(J%

i

'\ﬁ‘:':f‘g’? b%:;: /34_@ ﬂawiL “‘M;ﬂ] r‘\Q:L?‘G"f' B

4 % Bin s0win bos =598 nit .

con &
V=90 b ~ 30 L/ 2 et " P
| s i Sy 2
a-- 5202 ? Vol rad ot B U
| L 2Smfs— 38-Owls _ , 5.
(& e L
41) -\ E+ L ak” @ Ty pas s /A
£ e . S"Zarzg,

L) © concave downyg) ' a,(w
m * ‘ = _. : %I'%H’[id {'-.53 i Fa?lrﬂfgy/'m f;{?}"g:‘e

. | . ot 204 i — :‘)f;fawlhg —-Lh,—

s AT - Y,

$. 1 =% g
( )%—
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6. (a) With what speed must a ball be thrown vertically from ground level to rise to a
maximum height of 50 m? (b) How long will it be in the air? (c) Sketch graphs of
v, v, and a versus ¢ for the ball. On the first two graphs, indicate the time at which
50 m is reached.

45) fi.-z;ﬁ ’ﬁ,.x ,,‘mammo' - s*'ll\>p_s~—*r =0 ;

¢ SUm i g,
A sty it 0 '%%;?5.63”/.;1

| il V62 \%,"—,-22(51 ’g;,) :-:OL") Vo ﬁ (3? ﬂ%;_z_l
T

sam =\ 4y, SO
* = SO
Z) e ocmaimon g | o T4 0 gusiel

J . gdt up dowy k 3 @b’ﬁ[gl
=639s ~ 643
g

——
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6. (a) With what speed must a ball be thrown vertically from ground level to rise to a
maximum height of 50 m? (b) How long will it be in the air? (c) Sketch graphs of
v, v, and a versus ¢ for the ball. On the first two graphs, indicate the time at which
50 m is reached.

‘“} Y, v {'{)x o e(t)

y ff) reversed parabola (M é) 40
20

£ls)
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7. To test the quality of a tennis ball, you drop it onto the floor from a height of

4.00 m. It rebounds to a height of 2.00 m. If the ball is in contact with the floor
for 12.0 ms, (a) what 1s the magnitude of its average acceleration during that
contact and (b) is the average acceleration up or down?

. 4) GO 2~ ,2,3(8[ Jo) "?g?,gs,ty{—'j')
' e ﬁy 0 - 2:93n),(0 - 4m)= 7&§Z:/ Yoot \

" 24 alrvp (YY)

e s %2— TE (YY) 2~ (26 (5))

1 G 2 2x99m (2m-ln) = €26m 0= 3 Aé’

AL — Y W 4 vele Fit ﬂj% %’?

T W s R e J
FWQ - = %V&:’&{_ S 0;‘;0 7R ‘f >,§/9M

(o o i . 126@&1 4{-) /{)GWAM‘:’; CT '
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Position Displacement
. Relative to origin . Change in position (vector)
. Positive and negative A
— X2 T X -
directions Eq. (2-1)
Average Velocity Average Speed
. Displacement / time (vector) ° Distance traveled / time
_ Ax _ X2 T X _ total distance
Vavg o At o tz _ tl Eq. (2-2) Savg = At Eq. (2-3)
Instantaneous Velocity Average Acceleration
. At a moment in time . Ratio of change in velocity to
. Speed is its magnitude change in time

Ax dx Vz =

Av
e e Eq.(2-4) “~ -+ a EQ.(2-7)
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Instantaneous Acceleration Constant Acceleration

. Includes free-fall, where
. First derivative of velocity a = -g along the vertical axis
. Second derivative of position
N Tab. (2-1)
a= dr Eq (2-8) Equation Missing
Number Equation Quantity

2-11 v =v,+ at &~ g
2-15 X — xg = vyt + zat v
2-16 v? = vz ¥ 2alx — x5) t
2-17 X — X9 = %(Vo + V)t a
2-18 X — Xy = vt — 3ar? Vo

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved.
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2 Motion Along A Straight Line 4

Additional Materials
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2-10 Graphical Integration in Motion Analysis

Integrating acceleration:

Starting from 4 = dv/de

i

we obtain Vi — Vo = J
1

]

(v,= velocity at time t=0, and v,= velocity at

time t =t,).

Note that

]

Integrating velocity

X1 —
Similarly, we obtain

f e area between acceleration curve |
A e and time axis, from f,to f; '

a dt.

1ZM0R

=]

I I
Xg = v dt, %
Iy

This area gives the
change in velocity.

This area gives the
change in position.

(x,= position at time t = (. and x. = nosition
at time t:tl)a and J’n i (area between velocity cuwe)_
Iy

Februarv 21. 2022

and time axis, from f,to f;
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2-10 Graphical Integration in Motion Analysis

Example:

“Whiplash injury” commonly occurs in a rear-end collision
where a front car is hit from behind by a second car. In the
1970s, researchers concluded that the injury was due to the
occupant’s head being whipped back over the top of the seat
as the car was slammed forward. As a result of this finding,
head restraints were built into cars, yet neck injuries in rear-
end collisions continued to occur.

In a recent test to study neck injury in rear-end collisions,
a volunteer was strapped to a seat that was then moved
abruptly to simulate a collision by a rear car moving at
10.5 km/h. Figure 2-13a gives the accelerations of the volun-
teer’s torso and head during the collision, which began at time
f = 0. The torso acceleration was delayed by 40 ms because
during that time interval the seat back had to compress
against the volunteer. The head acceleration was delayed by
an additional 70 ms. What was the torso speed when the head
began to accelerate? -

KEY IDEA

We can calculate the torso speed at any time by finding an
area on the torso a(r) graph.

Calculations: We know that the initial torso speed is vy = 0
at time f; = 0, at the start of the “collision.” We want the
torso speed v, at time #; = 110 ms, which is when the head
begins to accelerate.

area between acceleration curve
vy — Vg = : : -
. L and time axis, from 7, to 1,

1ZM0R
KATIP CELEB]
UNIVERSITES]

100

Head

Torso

0 40 80 120 160

The total area gives the
change in velocity.

(&)

For convenience, let us separate the area into three regions
(Fig.2-13b). From 0 to 40 ms, region A has no area:

areay = (.

From 40 ms to 100 ms, region B has the shape of a triangle,
with area

areay = %(0.060 $)(50 m/s?) = 1.5 m/s.

From 100 ms to 110 ms, region C has the shape of a rectan-
gle, with area

areac = (0.010 s)(50 m/s?) = 0.50 m/s.
Substituting these values and vy = 0 into Eq.2-26 gives us
v —0=0+ 1.5 m/s + 0.50 m/s,

or vi = 2.0 m/s = 7.2 km/h. (Answer)
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