&S 24 Line-Straight a in Motion doli) o> g}) calyy jaig 7

Calad) & degite clike ¢ JoV Juadd) = el 0 paiall pie salod] Caall & @) )LY) zeliad) & zalis) g3

18:10:56 2024-10-21 :zzalial] gBse sle Calall 28La) &3,

opsall |l bia¥) | Aging ol Sae | oty colale | (gl zxgie 1ol jus

Zewin Adham :alac)

o Euzsl.‘mﬂ a0
e LYl

e Y] i) el ali (e a)gall

a>lg any (43 &S )| Line-Straight a in Motion &)l 8a>gll Jac Gl 1
& 21 ole Kinematics Dol saxgll Jac Gl ) 2
2l o>l o BuilaisSI) e () donio g3l o jal) asnlo 3

el obaadl alin] IS e lpiall dax) o J> 4



https://t.me/uaecourse
https://almanahj.com/ae/id=28080
https://almanahj.com/ae/id=28080
https://almanahj.com/ae/id=28080
https://almanahj.com/ae/14physics1/misc
https://almanahj.com/ae/14physics1
https://almanahj.com/ae/14physics
https://almanahj.com/ae/14
https://almanahj.com/ae
https://almanahj.com
https://almanahj.com/files_by_day?country_code=ae&date=2024-10-21
https://almanahj.com/ae/14physics1/sheets
https://almanahj.com/ae/14physics1/slides
https://almanahj.com/ae/14physics1/keys
https://almanahj.com/ae/14physics1/exams
https://almanahj.com/ae/14physics1/quizzes
https://almanahj.com/ae/14physics1/book
https://almanahj.com/ae/14physics1/guide
https://almanahj.com/ae/14physics1/files
https://almanahj.com/ae/14physics1/files
https://almanahj.com/ae/14physics1/final
https://almanahj.com/ae/14physics1/notes
https://almanahj.com/ae/14physics1/reports
https://almanahj.com/ae/14physics1/english
https://almanahj.com/ae/14physics1
https://almanahj.com/ae/14physics1
https://almanahj.com/ae/teacher_id=543
https://almanahj.com/ae/network14
https://t.me/almanahj_bot
https://www.facebook.com/groups/grade14uae
https://www.facebook.com/grade14uae
https://almanahj.com/s/024df8
https://t.me/almanahj_bot
https://www.facebook.com/almanahjae/
https://www.facebook.com/almanahjae/
https://www.facebook.com/almanahjae/
https://bit.ly/3d37XjG
https://bit.ly/3lSsdIt
https://bit.ly/3lQ5kFG
https://bit.ly/3ro2lFw
https://t.me/uaecourse
https://almanahj.com/ae/14physics1
https://almanahj.com/ae/id=28079
https://almanahj.com/ae/id=27883
https://almanahj.com/ae/id=27497
https://almanahj.com/ae/id=27336

JoYl i) (g8 el a6 8alallg paiiad) pie salod) cinall ooy lidad] (e 2y 0]

Sl obe¥) Alinf S e culgial) dazl 5



https://almanahj.com/ae/14physics1
https://almanahj.com/ae/id=27335
http://www.tcpdf.org

2. motion in a Straight line

2.1 introduction to Kinematics

Dynamics

The study of motion and of physical concepts such as force and mass

kinematics

The part of dynamics that describes motion without regard to its causes.

Assumptions for dealing with different objects

1. we will neglect all internal structure of a moving object and consider it to be a -

-, or point like object.

2. the point location of an object is called the center of mass

3. to determine the equations of motion for an object, we imagine it to be located at a single
point in space at each instant of time

2.2-Position vector, Displacement vector, and Distance

Positive direction

-

Negative direction

| | | | | | | (
3 9 1 o0 1 2 g ™

O riginj

position vector r

El
=
1

5m B =26m BB +=0468m

Displacement Ar

is the difference between the final position vector, 7, at the end of a motion and the initial
position vector 7;

AF =7, -7

Mr. Adham Zewin 0505084733




orraov
IZ Checkpoint 1

The car moves to
the right between

Here are three pairs of initial and final positions, respectively, along an x axis. Which
pairs give a negative displacement: (a) =3 m, +5 m; (b) =3 m, -7 m: (c) 7m, -3 m?

Mr. Adham Zewin
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Figure 2.2 (a) A car moves back and forth along a straight line taken to be the xaxis. Because we are
interested only in the car’s translational moton, we can model it as a particle. (b) Graph of position vs.

time for the motion of the “particle.”

/= \AF\

A. The distance is 0.50 mile, and the displacement is 0.50 mile.
B. The distance is 0.50 mile, and the displacement is 0.00 mile.
C. The distance is 0.00 mile, and the displacement is 0.50 mile.
D. The distance is 0.00 mile, and the displacementis 0.00 mile.

0505084733

distance, £, that a moving object travels is the absolute value of the displacement vector

Your dorm room is located 0.25 mile 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?




=
B 5m e
3m 3m
C-=2nr
[ d
AR < D Circumference = 2Tl (radius)

ol

m

Displacement at pointA=0
Distance traveled at point A=16 m

Solved problem 2.1

The distance between Des Moines and lowa City is 170.5 km along Interstate 80, and as you can
see from the map, the route is a straight line to a good approximation.

Approximately halfway between the two cities, where 180 crosses highway US63, is the city of
Malcom, 89.9 km (55.9 miles) from Des Moines

o= w Iowa City

_-\-_.
Des Moines

Problem

If we drive from Malcom to Des Moines and then go to lowa City, what are the total distance
and total displacement for this trip?

Solution
Segment 1: Ax;=xp - xy
S : >
» ™ " Elzlell :lxD —xml
S t2: Ax, =x —
eg:men : . Xy =X~ Xp
Xp X X .62:|Ax2| :|x1 —xD|
Total:
O—téﬁl—) x Axga =Ax +Ax,
D M B 4 total = {)1 + EZ
j'Axtt:ltal = Axl + sz ftotal = I€I1 + fl
=(xp —xp )+ (21 -xp) . _
DM £ roral =|89-9 k| +]170.5 km|= 260.4 km
=AM
=(4+170.5 km)-(+89.9 km)=+80.6 km.

Mr. Adham Zewin 0505084733




2.3 Velocity Vector, Average Velocity, and Speed

average velocit

_ Ax
‘]J:

AL

Notation: A bar above a symbol is the notation for averaging over a finite time interval.

instantaneous velocit
Ax dx

v,=limv = lim —=—
At—0 © A0 At dt

L .
y

(a) (b) (c)

FIGURE 2.6 Instantaneous velocity as the limit of the ratio of displacement to time interval: (a) an average
velocity over a large time interval; (b) an average velocity over a smaller time interval; and (c) the instantaneous
velocity at a specific time, t;.

Mr. Adham Zewin 0505084733




Figure 2.5 (a) Position vs.
time graph for the motion of
a car moving along the xaxis
at constant velocity. (b) Posi-
tion vs. time graph for the
motion of a car with chang-
ing velocity, using the data in
Table 2.1.

The average velocity between any
two points equals the slope of the
blue line connecting the points.

x (m)

2.1 | 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 + bt + ct’, witha = 17.2 m, b = -10.1 m/s, and ¢ = 1.10 m/s*. What is the car’s velocity
as a function of time? What is the car’s average velocity during this interval?

SOLUTION

vxz‘;—x :di(a+bt+ct2): b+2ct =-10.1 m/s+2-(1.10 m/s? )t
t dt

1 (s)

AT 7= 4.59 s, the position graph x(7) shows an extremum (a minimum in this case)

d b 101
Z bty =0= 1 =7—:7—m/§’=4.59 5.
dt 2¢ 2.20 m/s

Ax=x(t=10)-x(t=0)=262m-17.2 m=9.0m

— Ax 90
2 2 590 m/s

1} T e—
* At 10s

e The slope of the _ is the average velocity over this time interval
Mr. Adham Zewin 0505084733




X (m)
This is a graph
of position x 4
versus time t 3 Vayg = slope of this line
‘ _rise_Ax
2 “run At End of interval

To find average velocity,
first draw a straight line,
start to end, and then
find the slope of the
line.

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

— This horizontal distance is how long
it took, start to end:
Al=4s-1s5=3s

Start of interval

1. A particle moves along the sides AB, BC, CD of a
square of side 25 m with a velocity of 15 m/s. Its aver-
age velocity 1s

C B

A
(A) 15m/s (B) 10 m/s
(C) 7.5 m/s (D) 5m/s

A particle moves according to the equation x=2# - 5 6, find average velocity in the first
3 s and instantaneous velocity at £= 3 s.

(A) 1 m/s, 7m/s (B)4 m/s, 3m/s
(C)2m/s,5m/s (D) 3m/s, 7m/s

Mr. Adham Zewin 0505084733




Speed

Speed is the absolute value of the velocity vector.

The average speed of an object over a given time interval is the length of the Tip 2.3 Path Length vs.
path it travels divided by the total elapsed time: Distance

Distance is the length of a straight
line joining two points. Path length
elapsed time is the length of an actual path
traversed between two points,
including any retracing of steps
or deviations from a straight line.

ath length
Average speed = P 8

average s eed=§—i
ge speed = Af

2.2 [Speed and Velocity

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.

PROBLEM

What are the swimmer’s average velocity and average speed for (a) the leg from the start to the
far side of the pool, (b) the return leg, and (c) the total lap?

'
L
L]
]
]
1
1
i

SOLUTION

(a) First leg of the swim:
X-x  50m-0m 50

m/s=1.31m/s

=

YTOAr 382s 382

(b) Second leg of the swim:

— X%-x 0m-50m -50
X2~ = =

<

m/s=-1.18 m/s

At 4255 425
(c) The entire lap:

_ Ty -AH47,-Af, (131 m/s)(38.25)+(-1.18 m/s)(42.5 5)

Vy = = =0
At, + Af, (38.25)+(42.55)
average speed 7= Ai = 1;(])0711] =124 m/s
t Vi

The speedometer in your car shows
a) average speed.

b) instantaneous speed.

c) average displacement.

d) instantaneous displacement.

Mr. Adham Zewin 0505084733




2.4 Acceleration Vector

average acceleration is defined as the velocity change per time interval:
Av,
At

a, =

the instantaneous acceleration is defined as the limit of the average acceleration as the time
interval approaches 0.

Av, _dv,

a, = lim a, = lim
At—0 © At—0 At dt

The acceleration is the time derivative of the velocity, and the velocity is the time derivative of
the displacement. The acceleration is therefore the second derivative of the displacement.

. =—V

d _d(d | d°
Yodt Y dt

—X|= X
dt | dt’

4. If the velocity of a particle is (10 +2¢?) m/s, then the
average acceleration of the particle between 2 s and

5s1s
(A) 2 m/s’ (B) 4 m/s’
(C) 12 m/s? (D) 14 m/s*

Mr. Adham Zewin 0505084733




If the speed of an object changes, it will be accelerating or decelerating. This can be shown as a
curved line on a distance-time graph.

Distance (m)

»
>

Time (s)

A graph to show distance travelled by time. A shows acceleration, B shows constant speed, C
shows deceleration and D shows stationary position

The table shows what each section of the graph represents:

Section of graph Gradient Speed

A Increasing Increasing

B Constant Constant

C Decreasing Decreasing

D Zero Stationary (at rest)

Mr. Adham Zewin 0505084733
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Tips

Mr. Adham Zewin

Velocity, v (m/s)

Velocity (m/s)

Y

v

Time (s)

The table shows what each section of the red line on the graph represents:

Section of graph Gradient Velocity Acceleration
A positive increasing positive
B zero constant zero
C negative decreasing negative
D (v=0) zero stationary (at rest) zero

Slope = average acceleration -...,
fromt=0tot=7

/'S P

4
3
2
4
1 L *

[nstantaneous and average acceleration

are equal on straight-line segments.
| | | | | | |

0 1 2 3 4 5 6 7

Time, 1 (s)

0505084733
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X
25
— 20
815
<
10 x=4.0m
| att=3.0s
2 T N I |
a
0 -
0o 1 2 4 5 6| 7 8 9
Time (s
(@) e Slopes on the x versus t graph
Slope  are the values on the v versus t graph.
of x(1)
!"!
4 v(i) c
g 3
g 2
G
1
a d
0 ~ t
0o 1 2 4 5 6 7 8 9
Time (s)
) Slopes on the v versus t graph
are the values on the a versus t graph.
il
~ 3 Acceleration
z | a a(t) d
e 0 : 2 i,
g, 1 2 4 5 6 7 8 9
s -
< -2
z-3
— Deceleration
i i i i What you would feel.
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2.6 Finding Displacement and Velocity from Acceleration

Area = v, (f) - v,

> |

‘.k‘_

Area = x(1) - x,

fo

t t
Ve (1) =y +faxdt‘:vx0+axfdr':>
0 0

Vx () = vyo +axt,

t t
X =Xp +fvx(r')dt':xg +f(vxo +at")dt'
0 0

t

t
=Xy +Vx0fdf'+axff'df':>
0

0
x(t) =9 + Veot + %axtz.

Mr. Adham Zewin

(iii)
(iv)
(v)

X = Xo + Vxot +3axt’

X =X + Vil
Ve =Vyo T Ayl
Vx :%(Vx + Vxo0)

Vi =i+ 2a, (x - Xp)

0505084733




2.8 Free Fall

constant acceleration due to gravity a, =-g

(i) y= Y0+ vyl - Lgt’
(ii) Y=y +vyt

(iii) vy =Vyo — &t

(iv) vy =3(vy +y0)

(V)  vy=vjo-28(y- )

(a) Position and (b) velocity as functions of time for a ball thrown upward with
an initial speed of 15.0 m/s.

(a) y-t graph (curvature is (b) v,-t graph (straight line with
downward because a, = —¢ negative slope because a, = —g
is negative) is constant and negative)
) (m . . v, (m/s
y (m) Before t = 1.53 s the y (m/5) ) .
15 = ball moves upward. 15 ..1*""BEID["JI o 1':?3 N
! . . . the y-velocity is
10 | - wAfterf = 1.53s 10 o
K positive.
the ball moves 51
d downward.
0 L L L y(s)
0 | J} A '4 t(s) 1 \2 3 4
i -7 -5 - o Aftert = 1.535
I —10 the y-velocity is
10 = negative.
10 15 L
=15 - 20 +
—20 - =25 -

Mr. Adham Zewin 0505084733




Motion with constant acceleration overtaking motion with constant velocity.

The police officer and motorist
meet at the time { where their
x (m) x-f graphs cross. i

160 |- *y

Police officer: initially at rest, 120 - . }
L . . Motorist
SCHOOL constant X-acceleration Motorist: constant x-velocity I
CROSSING 80 L ‘
|
— 15 |
U]uo] =15 m/s 40 - ) |
— Officer |
| x L1 L 11 4(s)
0 5% o 2 4 6 8§ 10 12

Four possible v-tgraphs are shown for the two vehicles. Which graph is correct?

(a) (b) (c) (d)

v v, U,

Motorist I |

Motorist | | Motorist Motorist I

1 / | . 1

Ofﬂcer// | Officer | Officer | Officer |
- | 1(s) L t(s)  t(s) L 1(s)

X

0] 10 0 10 0 10 (0] 10
a pitcher tosses a baseball up along a y axis, with } y
an initial speed of 12 m/s. b= 0at ::
(a) How long does the ball take to reach its maximum height? e ii
(b) What is the ball’s maximum height above its release point? L
(c) How long does the ball take to reach a point 5.0 m above | i
its release point? !
: : During
B V—VD_U_-ImeS_lzs . *: de_scent,
T a T -98ms? Etzlgg,g ascent,\: | fbgg’
speed decreases, : | incc;‘easles,_
) and veloci and velocity
el el 5 . becomesless || | becomes
2a 2(—9.8 m/s?) -] positive :+ more .
| : negative
|
| |
y = vt =5 g %"——FO
50m = (12m/s)t — (3)(9.8 m/s?)7 ' o

f=053s and r=19s

Mr. Adham Zewin 0505084733




A boat moves slowly inside a marina (so as not to leave a wake) with a constant speed of

1.50 m/s. As soon as it passes the breakwater, leaving the marina, it throttles up and
accelerates at 2.40 m/s?.

(a) How fast is the boat moving after accelerating for 5.00 s? 13.5 m/s
(b) How far has the boat travelled in these 5.00 s? 37.5m
Breakwater
a = 2.40 m/s?
i m—-
M o PP s 22

— X

2.5 | Reaction Time

It takes time for a person to react to any external stimulus. For example, at the beginning of a
100-m dash in a track-and-field meet, a gun is fired by the starter. A slight time delay occurs
before the runners come out of the starting blocks, due to their nonzero reaction time. In fact,
it counts as a false start if a runner leaves the blocks less than 0.1 s after the gun is fired. Any
shorter time indicates that the runner has “jumped the gun”

There is a simple test, shown in Figure 2.25, that you can perform to determine your
reaction time. Your partner holds a meter stick, and you get ready to catch it when your
partner releases it, as shown in the left frame of the figure. From the distance h that the
meter stick falls after it is released until you grab it (shown in the right frame), you can
determine your reaction time.

PROBLEM

If the meter stick falls 0.20 m before you catch it, what is your reaction time?

Y=y, —2gt°

= h=1gc?
== fz—h = J72-0,20n21 =0.20s.
g 981 m/s

Mr. Adham Zewin 0505084733 15




SOLVED PROBLEM 2.5 Melon Drop

Suppose you decide to drop a melon from rest from the first observation platform of the Eiffel
Tower. The initial height h from which the melon is released is 58.3 m above the head of your
French friend Pierre, who is standing on the ground right below you. At the same instant you
release the melon, Pierre shoots an arrow straight up with an initial velocity of 25.1 m/s. (Of
course, Pierre makes sure the area around him is cleared and gets out of the way quickly after
he shoots his arrow.)

PROBLEM
(a) How long after you drop the melon will the arrow hit it? (b) At what height above Pierre’s

head does this collision occur?

Yo () =h — %gtz

Yy, (t) = v, — %grz.
Y, (1) = Y, (o)
h— 392 =v,t. — 592 =
h = vyt =
[, = ﬁ.
£, = % = 2322715

1

U (t.) =h — Lgt2.

U (L) =583 m — 1(9.81 m/s*)(2.32271 5)* = 31.8376 m.

Additional Question

What are the velocities of melon and arrow at the moment of the collision?

dy,, () _
dr

d
0O =0, — 1 = 0,0 =W o) g

ym(t)=h—%gt2 =, (1) = — gt

v, (t.) =— (9.81 m/s?)(2.32 s) = — 22.8 m/s
v,(t.) =(25.1 m/s) — (9.81 m/s?)(2.32 s) = 2.34 m/s.

Mr. Adham Zewin 0505084733




2.3 A car is traveling due west at 20.0 m/s. Find the velocity of the
car after 3.00 s if its acceleration is 1.0 m/s* due west. Assume that the
acceleration remains constant.

a) 17.0 m/s west c) 23.0 m/s west e) 11.0 m/s south

b) 17.0 m/s east d) 23.0 m/s east

2.4 A car is traveling due west at 20.0 m/s. Find the velocity of the
car after 37.00 s if its acceleration is 1.0 m/s” due east. Assume that
the acceleration remains constant.

a) 17.0 m/s west c) 23.0 m/s west e) 11.0 m/s south
b) 17.0 m/s east d) 23.0 m/s east

2.6 A car travels at 22.0 m/s north for 30.0 min and then reverses
direction and travels at 28.0 m/s for 15.0 min. What is the car’s total
displacement?

a) 144x10'm b) 648x10*m ¢) 396x10°m d) 998x10*m

2.9 You drop a rock from a cliff. If air resistance is neglected, which of
the following statements is (are) true?

1. The speed of the rock will increase.
2. The speed of the rock will decrease.
3. The acceleration of the rock will increase.

4. The acceleration of the rock will decrease.
a) 1 b) 1 and 4 c) 2 d) 2and 3

Mr. Adham Zewin 0505084733




2.10 A car travels at 22.0 kph for 15.0 min and at 35.0 kph for
30.0 min. How far does it travel overall?

a) 230km  b) 370x10°km ) 1.38x10°km d) 3.30x 10° km

2.11 If the melon in Solved Problem 2.5 is thrown straight up with
an initial velocity of 5.00 m/s at the same time that the arrow is shot
upward, how long does it take before the collision occurs?

a) 2.32s d) They do not collide before the melon
b) 290 s hits the ground.
c) 1.94s

2.34 The position of a particle moving along the x-axis is given by
x = (11 + 14t — 2.00%), where t is in seconds and x is in meters. What is
the average velocity during the time interval fromt = 10stot =40«

—  xlt,)—xl(t .
v :M,wnh t, =4.0sand t, =1.0s.
L,

_ 11+14t, —2.06,7 )—(11+14¢, —2.0t° _t)— 2_42

SIMPLIFY: v = x(t,)—x(t,) =( 2 2 ) ( ]z 14(t, —t,)—2.0(¢t," —t°)
t,—t, t,—t, t,—t,
CALCULATE: 7 = 14(4.0s—1.0 2}0—20(1(30 s)"—(1.0s)") _ 4.0 m/s
0s—1.0s

Mr. Adham Zewin 0505084733




©2.37 The position of an object as a function of time is given as
X = ArC + Br® + Ct + D. The constants are A = 2.10 m/s’, B = 1.00 m/s’,
C=—410m/s, and D = 3.00 m.

a) What is the velocity of the object at t = 10.0 8?

b) At what time(s) is the object at rest?
¢) What is the acceleration of the object at t = 0.50 s?

d) Plot the acceleration as a function of time for the time interval
fromt=—100stor= 100s.

(a) v[t}=%x(t)=%{ms +Bt’ +Ct+D)=3At" +2Bt+C

(b) Set the velocity equal to zero and solve for t using the quadratic formula:

. —2B+.J4B’ —4(3A)(C) —2B++/4B’ —12AC

2(3A) 6A

(c) alt)= iv(t} =i|:3m2 +2Bt+C)=6At +2B
dt dt

(d) There is no need to simplify this equation.

Calculate
(a) v(t =10.0 5)=3(2.10 m/s*)(10.0 s)* +2(1.00 m/s*)(10.0 s)—4.10 m/s = 645.9 m/s

 —2(1.00 m/s”) +/4(1.00 m/s?)’ —12(2.10 m/s’)(—4.10 m/s)

6(2.10m/s’)
=0.6634553 5,—0.9809156 s

(c) a(t =0.50 s) =6(2.10 m/s)(0.50 s) +2(1.00 m/s*) = 8.30 m/s’

(b) t

On a strange, airless planet, a ball is thrown downward from a height of 17 m. The ball
initially travels at 15 m/s. If the ball hits the ground in 1 s, what is this planet's
gravitational acceleration?

A. 2m/s?.
B. 32 m/s?.
C. 46 m/s?.
D. 4 m/s?.

Mr. Adham Zewin 0505084733
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©2.37 The position of an object as a function of time is given as

x = Ar + B’ + Ct + D. The constants are A = 2.10 m/s’, B = 1.00 m/s’,
C=—4.10m/s, and D = 3.00 m.

a) What is the velocity of the object at t = 10.0 s?

b) At whar time(s) is the object at resn?

¢) What is the acceleration of the object at t = 0.50 &

d) Plot the acceleration as a function of time for the time interval
fromt=—100stor= 100s.

(a) v(t) :%x(t) :%(Aﬁ +Bt* +Ct+D)=3At* +2Bt+C

(b) Set the velocity equal to zero and solve for f using the quadratic formula:

2B +4/4B* —4(3A)(C) -2Bx+/4B’-12AC

2(34) 6A

(c) a(t)= iv(t) = i(3At2 +2Bt+C)=6At+2B
dt dl

(d) There is no need to simplify this equation.
CALCULATE:

(a) v(t=10.05)=3(2.10 m/s*)(10.0 s)* +2(1.00 m/s*)(10.0 s) —4.10 m/s =645.9 m/s

2(1.00 m/s*) £/4(1.00 m/s*)> —12(2.10 m/s*)(—4.10 m/s)
6(2.1 0m/s’)
=0.6634553 5,—0.9809156 s
(c) a(t =0.50 s) =6(2.10 m/s)(0.50 s) +2(1.00 m/s*) = 8.30 m/s’
(d) The acceleration function, a(t) = 6At + 2B, can be used to compute the acceleration for time steps of
2.5s. For example:
a(t=-2.55)=6(2.10 m/s’)(-2.5 s) +2(1.00 m/s*) =—29.5 m/s*
The result is given in the following table.

(b) t=—

t[s] -100 | -75 -5.0 2.5 00 | 25 5.0 7.5 10.0
a[m/s’] -124.0 -925 -61.0 -29.5 2.0 335 65.0 96.5 128.0
These values are used to plot the function.
a(r) [m/s?] ,

100

50

8  f[s]
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G11-ADV

2.39 A car approaches an intersection at a speed of 72 kph. Just

as the driver passes the intersection, he realizes that he needed to
turn. So he steps on the brakes, comes to a complete stop, and then
accelerates driving straight backward. He reaches a speed of 36 kph
moving backward. Altogether his deceleration and re-acceleration in
the opposite direction take 12.4 s. What is the average acceleration
during this time?

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

A
35F
11

b
. o
T T

Il

o
T

|

10 12 14 16 18 20 22 24 26
t(s)

a) Find the average acceleration of the car during each of the segments I,
11, and IIL

DIIIIIIIIIII
0 2 4 6 8

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

SIMPLIFY:

_ Vi, =V, _ Vi, =V, _ Y, = Vi,
(a) a, = ; » Ay = » A =

L L 1Ltu_, _tm,

1 1
(b) x =3 (11‘.. —t )+ Vi, (tn; =y :""E'"III, “mz —ty)
CALCULATE:

~30.0m/s—0m/s 2 300 m/s—30.0 m/s _

(a) a, 5.0m/s", a, 0.0
6.0s-0s 12.0s—6.0s
0.0 —30.0
ay = m/s m/s =—2.50 m/s’
240s—-12.0s

Mr. Adham Zewin

m/s’,

(b) x =%(30‘0 m/s)(6.0 s—0.0 s)+(30.0 m/s)(12.0 s—6.0 s)+%(30.0 m/s)(24.0 s—12.0 s) =450.0 m
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SKETCH:

sy

—a

J}

K.

RESEARCH: average acceleration = M
change in time
SIMPLIFY: a=-_"%
t
(=10.0575 m/s)—(20.115 m/s) _
1245

CALCULATE: a= —2.433 m/s’




G11-ADV

2.59 A car starts from rest and accelerates at 10.0 m/s>. How far does
it travel in 2.00 s?

1
RESEARCH: Ax=vt+ Ear.‘2

1,
SIMPLIFY: Since v, =0 m/s, Ax =Eaf‘ :

CALCULATE: Ax =%{10.0 m/s”)(2.00 s)* =20.0 m
ROUND: Ax =20.0 m

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?

SKETCH:
________ - maximum height

path up path down
RESEARCH: v=v, +at
SIMPLIFY: (= =Y "% =% _ 2V
a —£ g
CALCULATE: ¢ = 2204 M/9) _ ¢ 30506 s

9.81 m/s’
ROUND: Since all the values given have three significant digits, t = 5.38 s.
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2.67 A stone is thrown upward, from ground level, with an initial y Position vs Time
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 ?

-

RESEARCH:

(a) v=v, +at 0
(b) Ay =wvt +%at3 and Ay=h
SIMPLIFY:
(a) v=v,—gt
1, 1
(b) h=wt +5at‘ =t —Egtz
CALCULATE:
(a) v=10.0 m/s—(9.81 m/s*)(0.50 s)

=10.0 m/s—4.905m/s
=5.095 m/s

(b) h=(10.0 m/s)(0.50 s}—%(Q.Bl m/s”)(0.50 s)*

=50m—-1226 m
=3774m

2.68 A stone is thrown downward with an initial velocity of 10.0 m/s.
The acceleration of the stone is constant and has the value of the
free-fall acceleration, 9.81 m/s>. What is the velocity of the stone after
0.500 s?

SKETCH:

¥V, = Q v, =-10.0 m/s
:
1
' 5'
:
]
1
]
-Q

RESEARCH: v=v, +at
SIMPLIFY: v=v,—gt
CALCULATE: v=-10.0 m/s—(9.81 m/s*)(0.500 s) =—10.0 m/s —4.905 m/s =—14.905 m/s

ROUND: Subtracting two numbers is precise to the least precise decimal place of the numbers. Therefore,
v =—14.9 m/s.
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2.72 On August 2, 1971, Astronaut David Scott, while standing on
the surface of the Moon, dropped a 1.3-kg hammer and a 0.030-kg
falcon feather from a height of 1.6 m. Both objects hit the Moon's
surface 1.4 s after being released. What is the acceleration due to
gravity on the surface of the Moon?

SKETCH:

[ . : . . L
RESEARCH: We can use y= Egt', where y is the distance the objects fall, f is the time it takes for the

objects to fall, and g is the acceleration of gravity on the Moon.

SIMPLIFY: We can solve our equation for g: y =%gt2 =g =%.
2y 2(1.6m) ,
" (L4s)

ROUND: The values given are all accurate to two significant digits, so the answer is given two by two
significant digits: ¢ = 1.6 m/s".

An object of unknown mass is initially at rest and dropped from a height h. It reaches the
ground with a velocity vi The same object is then raised again to the same height h, but
this time is thrown downward with velocity vi now reaches the ground with a new velocity
V2. How is v; related to v4?

A. V2 = V1

B. V=42V,
C. V2 =2V,
D. V2 =4V,
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2.86 The edge of a cliff is 100. m above the ground. A rock is
thrown straight upward just over the edge of the cliff with a speed
8.00 m/s.

a) How long does it take the rock to hit the ground?

b) What is the speed of the rock the instant before it hits the ground?

SKETCH:
x [m]‘ Position vs Time
— v=10
Ax’ T
Ax
. 'L | | ™ 1[s]
3.0 "

RESEARCH:

(a) To determine Ax,use Ax=v,t +(at2 )IZ.

(b) To determine v, use v=v, +at.

(c) Todetermine t', use v=v, +af.

(c) To determine Ax', use v’ =v,” +2aAx.
SIMPLIFY:

(a) It is not necessary to simplify.

(b) It is not necessary to simplify.

(c) With v'=0, v'=v, +at' =t'=—v,/a.

(d) With v'=0, v'2:v02 +2aAx' = Ax'= —voz /2a.
CALCULATE:

(a) Ax=(25.0m/s)(3.0 s)+%(—1.2 m/s’ )(3.0'5)° =69.6 m

(b) v=25.0 m/s+(-1.2m/s*)(3.0 s)=21.4 m/s

. (25.0m/s)
(¢) t'=————=20.83s
(—I.mesz]

(25.0 m/s)’

d —_
(@ ax 2(—1.2 mfsz]

=2604m

Mr. Adham Zewin 0505084733




Hotel in Dubai is well known for its Musical Fountains, which use 192 Hyper Shooters to
fire water hundreds of feet into the air to the rhythm of music. One of the Hyper Shooters
fires water straight upward to a height of 73.152 m.

a) What is the initial speed of the water?
b) What is the speed of the water when it is at half this height on its way down?
c) How long will it take for the water to fall back to its original height from half its maximum
height?
SKETCH:

ol
)

-1 mix

RESEARCH: To solve this constant acceleration problem, use v=v,—gt and y=y, +v0t—(gr2 !2).

Yo =0.
SIMPLIFY:
(a) Atamaximum height, the velocity v is zero.
l}
v,—gt=0 > t=-2
g
v,) 1 (v, ’ v,
})ma_\{ :VO ?/]_Egl\z :g = VU - \‘Zg}’max
(b) If the motion is considering as starting from the maximum height y__ , there is free fall motion with
v, = 0.
v=—gt > t=—
1, 1 (v) y 2 : ‘
Y= Vox ~ 8 =V T8~ TV 5T VS (J"max _J"ng
2 2°18) 28

(c) Note that v, is equal to the speed in part (b), v, =-26.788 m/s and v is equal to the original speed but
in the opposite direction, v =-37.884 m/s.
f=to "
8
CALCULATE:
(a) v, =4/2(9.81)73.152 =37.885 m/s

, r
(b) y= Y max , 80 y= (}fm - };‘”‘ J'Zg = \/gym :J(9.81)73.152 =26.788 m/s. Choose the positive root

because the problem asks for the speed, which is never negative.
37.884 m/s —26.788 m/s
(c) t=

(9.81 m/sz)
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Important notes

All of the following are true:

1. An object can have zero acceleration and be at rest.
2. An object can have nonzero acceleration and be at rest. (Object thrown up -at the top)

3. An object can have zero acceleration and be in motion. (move with constant speed)

» The magnitude of average velocity and average speed are the saifid only when the direction

of movement does not change.

e If the direction changes during movement, it is known that the net displacement is smaller
than the net distance.

_ when the direction changes during movement.

If the acceleration of an object is zero and its velocity is nonzero

¥ v Vv

-— === slope=10 slope =10 - ——— - slope =0

g | e

the object is moving at a constant velocity.
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Two different masses free fall m; is twice as heavy as m,. Neglecting air resistance so:

1. then the acceleration does not depend on the mass of an object.

2. Therefore, both snowballs have the same acceleration.

3. Since initial velocities are zero, and the snowballs will cover the same distance, both snowballs
will hit the ground at the same time.

4. They will both have the same speed.

half of the maximum height and time to reach this distance

_Y ] t, Yo
Vet O T el T2
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A truck travelling due north at 20 m/s turns west and travels at the same speed. Then the
change in velocity is

A. 40 m/s northwest
B. 20 \/f m/s northwest

C. 20 V2 m/s southwest
D. 40 m/s southeast

A particle travels at 20.0 m/s north for 20.0 min and then it stops instantaneously and
reverses the direction and travels at 25.00/s for 15.0 min. what is the particle's total
displacement?

A. 150 m
B. 25 km
C. 2500 m
D. 1.5 km

The free body diagram below shows two forces acting on a mass. Which equation of the
following represents the vector sum of the forces in N, on the x-axis?

YN

60

Y.E,=4co0s210°+6co0s40°
Y. F,=4sin60°+6cos40°

Y.F,=-4cos60°+6sin40°
Y.F,=-4cos60°+6cos40°

Ocow®>
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