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4+ 4.1.Position and Displacement

To locate the
particle, this
is how far
parallel to z.

This is how far
parallel to y.

y
| This is how far

‘ / parallel to x.
(5 m)k @m)j/
(-3 m)i

Position Vector:

» The position of a particle is given by a

position vector r:

VaN
°

r=Xxi+Yj

VaN
°

+ zk




+ 4.1.Position and Displacement |.
Yerdegistirme Vektoru

Eger cismin konumu zaman iginde ve r,'den r,’'ye degisiyorsa bu aralikta cismin
yerdegistirmesi son konum vektoru ile ilk konum vektoru arasindaki vektorel fark

olacaktir:

As the particle moves,
the position vector
must change.

Tangent

This is the
2

\chement.
Path

X

AP =1, -7,

Ar = (xzf + ysz' + zzlg) — (xlf + ylj + zllg)
AF = (x, = X))i +(y, = y)J +(2, — 2k
AF = Axi + Ayj + Azk



4+ 4.1.Position and Displacement

Sample problem in HR page 63.




+ 4.1.Position and Displacement

Bir tavsan park alaninda kosturuyor. Tavsanin konumunun t zamaninin
fonksiyonu olarak koordinatlari soyle veriliyor:

x=-031"+72t+28
y=0.22¢"-9.1¢+ 30

Buna gore tavsanin t=15 sn'de konum vektorunu yaziniz. Vektorun
buyuklugu ve x-ekseni ile yaptigl aciyl hesap ediniz.



<+ Bo6liim 4.1.Konum ve Yerdegistime

Ozum:l

Tavsanin konum vektorli en genel haliyle:
F(t)=x(0)i + (1))
t=15 sn icin x ve y bilesenlerini hesap edersek:
x=-0.31.(15)°+(7.2).(15)+ 28 = 66m
y= 0.22(15)2 -(9.1).(15)+30=-57m

Buna gore konum vektoru:

F =660 -57]



4+ 4.1.Position and Displacement

Ozum:l

y (m)
Konum vektorunun buyuklugu ve
{m locate the acisini hesap edelim:
20 rabbit, this is the
.| x component.
]
40 T8 | (m)
| Fl=\x* +y* =667 +(=57) =87m
|
' =57
i tan@ =2 = ()= 9= —41°
: X 66

This is the y component.



+ 4.2. Average and Instantaneous Velocity

Average Velocity Vector:

y Position at time 7, If a particle moves through a
"y 7 displacement Ar in a time interval At,
Py r AP the average velocity:

vav _A_t

Displacement

— . e
vector Ar points _ Ar
from P, to P,. =

- 2 ' Vavg._At

X

Particle’s path




4+ 4.2. Average and Instantaneous Velocity

)1

®

Direction of v at @

/

Ary Arg Arg

Instantaneous Velocity Vector:

. .. Ar
y=lm—=
At—0 At

dr

dt

The direction of the instantaneous

velocity V of a particle is always

tangent to the particle’s path at the

particle’s position.




4+ 4.2. Average and Instantaneous Velocity

Instantaneous Velocity Vector:

the components of instantenous vector in three dimensions, :

\7=di(xf+y}+zl€) §=vxf+vy}+vzl€
t
§=@;+ﬂ}+%i€\ B
dt dt~ dt dx dy dz
V.=—V, =V =—
dt °~ dt dt

Anlik hiz vektorinun bayukligu de surati verir:

— 2 2 2
M—v—\/vx+vy +V:




+ 4.2. Average and Instantaneous Velocity

The magnitute of instantaneous velocity vector: SPEED

The magnitude of the instantaneous velocity vector v is called the speed,
which is a scalar quantity.




+ 4.2. Average and Instantaneous Velocity

E’xamie 4.2

Sample problem in HR page 63.




4+ 4.2. Average and Instantaneous Velocity

Example 4.2

Bir onceki ornekteki tavsanin t=15 sn’deki anlik hizini bulunuz

Ozum:l

Bir onceki ornekte tavsanin konum vektoru
F(1)=x(1)i + (1))
ve bilesenleri
x=-0.31.(15"+(7.2).(15)+28 = 66m
y=0.22(15)" =(9.1).(15)+ 30 = -57m

olarak verilmigti.



4+ 4.2. Average and Instantaneous Velocity

Ozum:l

Anlik hiz vektorunu konum vektorinun zamana gore birinci turevini alarak
bulabiliriz:

V. = dx _ d (-0.31#° + 7.2t +28)=-0.62t +7.2

Coodr dt
v, = D _ 20226 ~9.11¢+30)=0441-9.1
dt dt

Buradan t=15 sn icin anlik hiz vektorinun bilesenleri

v, =—(0.62).15+72=-2.1m/s
v, =(044).15-9.1=-25m/s



4+ 4.2. Average and Instantaneous Velocity

Ozum:l

Buna gore anlik hiz vektoru:
V==2.1i =25/

Anlik hiz vektorunun buyuklugu ve acisi

= 2 2
M=v=\/vx+vy =3.3m/s

tanf =" = (722 = 9 = _130°

V -2.1

X




+ 4.2. Average and Instantaneous Velocity

Ozum:l

y (m)
40
o v==-2.1i =25
0 x(n
V|=v=\lvi+v, =33m/s
20
0 tan0=v—=(_2'5)—>0=—1300
v, 2.1

J

~130°
These are the x and y

components of the vector
at this instant.



+ 4.3. Average and Instantaneous Acceleration

Average accelaration vector:

avg.

=Av _ V=V

At 1, -t




+ 4.3. Average and Instantaneous Acceleration

Instantaneous accelaration vector:

Av dv
=lim—=—

A—=0 Ar  dt

The components of instantaneous acceleration are:

a=al+a,j+ak

dv dv dv

a=x;a ya=z

oodr T dt dt




+ 4.3. Average and Instantaneous Acceleration

A car is traveling east at 60 km/h. It rounds a curve, and 5 s later it is
traveling north at 60 km/h. Find the average acceleration of the car




+ 4.3. Average and Instantaneous Acceleration

A car is traveling east at 60 km/h. It rounds a curve, and 5 s later it is
traveling north at 60 km/h. Find the average acceleration of the car

Average acelaration is not zero! WHY ?
N — \_/:1 = 60l ‘_;2 = 60]

- _AV_¥,-% _60/-60i

YAt -t 5
4 Y, gy =-120412]




+ 4.3. Average and Instantaneous Acceleration

Exa ie 4.3,

A car is traveling east at 60 km/h. It rounds a curve, and 5 s later it is
traveling north at 60 km/h. Find the average acceleration of the car

Answer 4.3

The direction of acceleration vector is in the same direction as Av

K




4.2. Average and Instantaneous Velocity

Homeworikk 4.1

A robaotic vehicle is exploring the surface of Mars. The stationary Mars
lander is the origin of coordinates, and the surrounding Martian surface lies
in the xy-plane. The rover, which we represent as a point, has x- and y-
coordinates that vary with time:

x=2-025t>y=1t+0.025¢

a) Find the rover’s coordinates and distance from the lander at t=2.0 s.

b) Find the rover’s displacement and average velocity vectors for the
interval t=0.0 ve t=2.0 s.

c) Find a general expression for the rover’s instantaneous velocity vector

d) Find the instantaneous velocity of the robot at t=2.0 s in component
form and in terms of magnitude and direction

e) Find the components of the average acceleration for the interval to t=0
tot=2.0s

f)  Find the instantaneous acceleration at t=2.0 s.



4+ 4.2. Average and Instantaneous Velocity

t=2.0 sn’deki koordinatlar

x=2-(025)2)° =1.0m
y=2+(0.025).(2) =22m

r, konum vektoru

;=100 +22]

Robot bu anda orijinden

Fl= 22 +y? = 1P +(22)* = 2.4m

kadar uzakta bulunmakta.

Rover’s path
v
\

VA S
\‘ vO
t=00s
' >J x (m)

) 05 10 15 20




4+ 4.2. Average and Instantaneous Velocity

y(m)
t=0.0 sn’deki koordinatlar
25 F
x=2-(0.25)(0)*=2.0m t=2.0s
y=0+(0.0025).(0)’ = 0m 20

1.5

Buna gore r, konum vektoru:
1.0

;=200

r, konum vektoru ise

;=100 +2.2]

0.5

Buna gore t=0.0 s ve t=2.0 sn araligindaki yerdegistirme

AF=F —F ==10i +22]



+ 4.2. Average and Instantaneous Velocity

y(m)
25 F
Ortalama hiz ise 2.0
~ Ar 15
Vort =
At A A 1.0

. —1.0i+22j A
\% = - —O .51 + 1 1

" 20-00 foos




4+ 4.2. Average and Instantaneous Velocity

Ozum:3c

Anlik hizi konum vektorunin zamana gore turevini alarak bulabiliriz:

v, = dx =(-0.25).(21)
dt

V. = @ _ 1.0 +(0.025)(3t%)
dt

X

Anlik hiz vektoru:

A
b .

V=vi+v ]

¥ =(=0.25).201 +[1.0+(0.025)3:)]

t=2.0 icin anlik hiz boylece

v=-10i +13]

bulunur.



+ 4.2. Average and Instantaneous Velocity

“Oztum:3c

— —

t=2.0 sn’deki anlik hizin x ekseni ile
yaptig! agl




4+ 4.4. Two-Dimensional Motion with Constant Accel.

The position vector for a particle moving in the xy plane:
r=Xxi+Yyj
If the position vector is known, the velocity of the particle:

. dr dx- dy': dz »
V=—=—Ii+—j+—k
dt dt dt dt

The acceleration vector is given by:

Va\

a=al+a,j

The accelaration is constant, which means, that x and y component of it
are constant !



+ 4.4. Two-Dimensional Motion with Constant Accel.

The final velocity vector at any time t,.

ve=(v+a )i +(v,+al)j

Vo=l +v,j)+(ai+a,j)

V.=V, +at

This result states that the velocity of a particle at some time t equals the vector
sum of its initial velocity v; and the additional velocity at acquired at time t as a
result of constant acceleration.



4+ 4.4. Two-Dimensional Motion with Constant Accel.

x and y coordinates of the particle moving with constant acceleration :

2
2 =V.+VvV..I+—a.t
xf =xi+vxit+5axt yf yl yi 2 Yy

Position vector in two dimension:

A
— °

I"f =)Cfl +yf]

- 1 1N 1 235
r, =(xl.+vxit+5axt )i +(yl.+vyl.t+§ayt )J

. 2 A 2 A | A
rp=(x1+y,j)+ (v +vyi])t+5(axz +ay])t2

l’f =T +vl.t+—at
2

the position vector r; is the vector sum of the original position r;, a displacement vt

arising from the initial velocity of the particle and a displacement 1/2at? resulting

from the constant acceleration of the particle.




=+ 4.4. Two-Dimensional Motion with Constant Accel.

v, =V +at r,=r + lt+5at
y y
A
at v
y at
ys |
A
V.. =
‘l : A 4 Vl
X
€ >|< eq
V. at X
€ sz >




=+ 4.4. Two-Dimensional Motion with Constant Accel.

V.=V +art-
o . 1.,
= +VIi+—art -

2

v.=v.+al
V=V, tat
2
r.=r.+v.it+—at
2
8 —l” +V t+ Clyl‘

Vs

2




4+ 4.5.Projectile Motion

R v
> — <t

!

5

Two assumptions:

+ the free-fall acceleration g is
constant over the range of
motion and is directed
downward

 the effect of air resistance is
negligible.




+ 4.5.Projectile Motion

) Projectile motion

/

Launch velocity

V. =V.c080. v, =V,;sin 0.



4+ 4.5.Projectile Motion

1. constant-velocity motion in the horizontal direction
2. free-fall motion in the vertical direction



4+ 4.5.Projectile Motion

Horizonkal motion

Since there is no acceleration in the horizontal direction, the horizontal
component V. of the projectile’s velocity remains unchanged from its initial value.
At any time t, the projectile horizontal position is given by :

X=X +V,t=x+(v,cos0,)t




4+ 4.5.Projectile Motion

Viertical Motion

The vertical motion is the motion for a particle in free fall. The
vrtical positon of projectille at any given time:

Y, =Y +vl.yt+%at2 =y +(v, SinHi)t—%gt2

Vertical velocity component at any given time:

Vg =V, —gl=V, sinf, — gt




4+ 4.5.Projectile Motion

| vertical Motion

Zamansiz hiz formdlu igin yine dikey hareket icin:

vi =v, —28(y, = y)

Bu denklemlerden goruyoruzki, dikey hiz bileseni top sanki yukari firlatiimis gibi
davraniyor. Once giderek azaliyor. Sifira ulastiktan sonra yon degistirir ve sonra
asaglya dogru artar.



+ 4.5.Projectile Motion

The Equabion of the Palh

J Projectile motion

/

Launch velocity

Launch angle

Launch




4+ 4.5.Projectile Motion

The Equation of the Path

Yorungeyi matemataiksel olarak ifade etmeye calisalim. Hesaplamalarin kolay
olmasi i¢in cismin harekete basladigli andaki konumunu orijin olarak secelim. Bu
durumda x; ve y, sifir olacaktir.

Buldugumuz bu t'yi konumun y bileseni igin elde ettigimiz denklemde yerine

yazalim;:

Bu denkleme yorunge denklemi denir ve matematiksel olarak bu bir parabol

denklemidir.

X
x,=(v,cos0)t=1= :
v, coso,

y, =(tanf,)x, —(

8

2 2
2v;cos” 0,

)X

2
/




4+ 4.5.Projectile Motion

The Equabion of the Palh

We can determine h by noting that at the peak, Vfy=0. By using this we can
determine time t,, at which the projectile reaches the peak:

b
Vsy = viy _gt
0=v.sinb, - gt,
v, sinf,
[, =

8




4+ 4.5.Projectile Motion

Maleximum height

we obtain an expression for h in

y terms of the magnitude and
direction of the initial velocity
vector

1,
ys = ViylL o Egt
h=(v.sin6.)t : t:
= (V; 511 i) A~ <8,
2
2 2
j _ visin 0.
28




4+ 4.5.Projectile Motion

Horizonkal Range

| The range R is the horizontal

) position of the projectile at a time
that is twice the time at which it
reaches its peak. Therefore:

x, =(v,cos0,)t
R =(v,cos0,)2t,
- v’sin26,

8

R

sin26 =2sinf@cosf



+ 4.5.Projectile Motion

Yatay Erim (Menzil)

y(m)

150 — T 2 . 2
' RS 7}
8

100

50

sin20. =1= 0, = 45°

x(m)

50 100 150 200 250



4+ 4.5.Projectile Motion

Yatay Erim (Menzil)

D e
v;sin 20,

8

R

sin20. =1= 0, = 45°




4+ 4.5.Projectile Motion
HM2

a projectile is fired at a target T in such a way that the projectile leaves the gun at
the same time the target is dropped from rest, as shown in Figure. Show that if the
gun is initially aimed at the stationary target, the projectile hits the target

T'nget
/% f T A
g Y
/‘/ 1 9
N &5 gt°
QO ~
R + X tan 6,
Point of
collision
6, L
0_ i b Yy
: 1
/" i: \’T »
i |




+ 4.5.Projectile Motion

Answer HMR

the y coordinate of the target at any moment after release is

vy, =X, tanf, - %gt2

y coordinate of the projectile at any moment,

yp = (v, SIn0. )t - %gt2

At collision Xp=X;

X, =(v,,cosO)t X; =X,



4+ 4.5.Projectile Motion

Answer HMR

Lt's consider that the collision takes place at t; At this time the x-coordinate of
projectile is:

Xp=X; =X, =(v,c080)t. =1, =

’xT
v, cos0,

By using this, we can find the y position of projectile

yp =(v,psinb, ). — %gté = x, tan @, — %gté

we see that the y coordinates of the projectile and target are the same, when the
posiiton in x direction ar same:

Yr =thanHi—%gté Yp =thanHi_%gté



