MUHEND iSLiK MEKAN iGi
8. HAFTA Dogrusal Hareket

Sl U.S.
Mass M kilogram kg Slug
Length L meter m Feet
Force F Newton N Pound
Time T second S second
F=ma:

1 N=(1kg) (1 mA
1 Ib= (1 slug) (1 ft/sé9

Ornesin W=10 Ib ve g=32.2 ft/séc

m= W ﬂsIu S
~ g 3227
Llb = 4.4482 N
1slug = 14.5938 kg
1ft = 0.3048 m
1ft = 12in
1 mile = 5,280 ft
1lkip = 1,000Ib
lton = 2,000Ib
S AS
L
= o
o) P P
t t+At
Zaman: t
Pozisyon:s
Hiz:v
V= as_ lim as_ S
T dt a-oAt

ivme: a

ft
Ib
sec



dv Av

A= T TV
Lemma:
g dv_dvds a=v®ors=gds
dt ~ dsdt ds ds

Integrasyon metodu:

1-lvme zamanin fonksiyonu:a=f(t)

=g D I BPPRIRIS KAIRDIESt (tyat = v 0 DSTHEEI [ f(g dev o= g )
g(t):aﬂﬁ’—» g(ydt=dsM'~ s | ¢} de D= b
C veD integrasyon sabitleridir.
Ornek 1

—¢2 I .
a=t" verilmis hiz ve konum fonksiyonlarini hesaplayin
COzum

a= %’ =t2 [ PSPEIAE eV RHPRS., dv=t2dt

Integrasyon alinirsa
£3
v=—+C
3

Elde edilir
V= d— > [ BPRIAISNeN RIS, ds = vt

integrasyonla
S= j vdt+ D

t3 t4
=[| % +cldt+D="_+Ct+D
3 12
Konum fonksiyonu elde edilir.

2-Ivme hizin fonksiyonU'a—f(v)

f(v)——DEY—» dt—mﬂﬂqt—jﬁdv+C q v



v=K(t), alinirsa

k(t)—isljﬁ’qk(t)dt—dsDD_» | k)yd+ D= b)

Lemma kuIIanllarak konum elde ediliyor

f(v)= vymﬁ’qu——dvﬂﬂ L s= _f

s ) dv+ C="¢g Vv

Vv
f(v)
Ornek 2
a=f(¥)=-"

Konum fonksiyonunu hesaplayin.

Cozum:

iy
— 5y °

Integrasyon ile elde edilir.

1 1
SZI dv+c=—=Inv+c

— 3v 3
a=f(s)

2
f(s)= vj—VDﬁ’—» f (s)ds= vdvDD'aV?:_ff(s)ds+ Co v= @}

g(s)——th—ﬂat—jﬂds+ D t= K39

Ornek 3:

a=fis)=-

Zamani konum fonksiyonu cinsinden elde edin.

Cozum:



v

a=v—=-35—" 5 ydv = —35ds
s
Integrasyonla
2
Vv 3 2
—=—-——x5 +C
2 2%

Bagintisi bulunur

W= g(g}: -1’—3SE+C1,C1 =2

d d d
y=2 S ar=" -

at LA ST

ds+ 0

1

MATEMAT IK HATIRLATMALAR

£(x) )
| - df
| _— |Area= [ (9 ox ax )
- 1

[ | i
I | X I | «
X1 X2 X1

Bazi tlrevler:
i _ i _ i 2\ — i ny — n-1
dx (c)=0, Ix (x)=1, o (x°) = 2x, ™ (x")=nx

d 1 od, o, d d o
a(ln(x))—;, E(e )= €, dx (sin(x))= cosk ), dx (cos{ )r — si( ),
Turevin degisim kurali:
df[U(¥)] _ df(U) du
dx ~ dU dx




Bazi integraller:

n+1
X

X2 n — 1 =
jdxz X, _f xdxz?, '[x dx= J.;dx— In(x),

n+1’
j-exdx: €, J-sin(x) dx= — cos( X), J- cos(x)dx sin(x)

Degisim kural
U(x), fonksiyonu verilng ise
du

du =de

x tenU’ ya dongum formu

X U(x,)
2 2 f U
[ fU)dx= %du
X1 U(x) ——
dx
Seklindedir

Kismi integrasyon:

Judv =uv -] vdu

Ornek 4:

U(x)=2mx
veriliyor
F(U)y=sin{L7)

U (x]]

ax

Bagintisini hesaplayin
Cozum:
Degisim kuralinda

df(U)
du

= cos{U) = cos(2nx)



w _
dX—TE

Sonug aagidaki gibi

dffU(x)]  df(U) dU

hesaplanir

d«  dU dx

Ornek 5:
f{x)= sin{2nx)

veriliyor,

| Flx)s

= 27 cos(27x)

Bagintisini hesaplayin

COozum:

U = 2nx, so f{U) = zin{U)

ve
av
=

2

[ fveoms

sonug

X
= [sin27 x)ck
X
— Cos(m 2 Xa

2:"? Eﬂ' Il

au

i ET’E sin(T)

, 27
T X

= —(cos(27x x,)—cos(27 x,))



Ornek 6:

f(x) = xcoex
veriliyor
jf(x)dx

Integralini hesaplayin
Cozum:
U=x\V =sinx.

dV(x)

f(x) =U(X)T

dU =dx,dV = cosxd>1
IUdeUV—IVdU

Ixcosxdxz Xsinx — _[sin xdX= xsin X+ cosx

ORNEKLER
1-Yol- Zaman bagintisi x= —%t3 +2t* + 2 seklinde verilen maddesel noktanin

hiz-zaman ve ivme —zaman ifadelerini bulunuz. t=5sde konumu, hizi,
ivmeyi ve gidilen toplam yolu hesaplayiniz.

2- Bir maddesel noktanin hareketix=2t*> -4t ve y=2(t-1)* - 4(t -1)

Denklemleriyle veriliyor x ve y m cinsinden t sanig cinsinden
t=1 sn ve t=3 sn de hiz ve ivmeyi bulunuz.
3- Dogrusal hareket yapan bir maddesel noktanin ivmesi
a=1.5éx? olarak verilmistir.t=0 da x=1, v=k olduguna gére yol-zaman ve
hiz zaman ifadelerini bulunuz

4- Dogrusal hareket yapan bir maddesel noktanin ivmesi

a=6-3t olarak verilmistir. t=0 da v=3m/sn x=0 oldguna gore; hiz-zaman,
konum zaman ifadelerini ¢ikariniz t=4sn i¢cin maddesl noktanin hizini ve
gitti gi toplam yolu bulunuz.



Diuzlemsel Hareket

r

\\ Path ofP
|

Reference Frame

<

V=—= |im
- t A0 At

!
I
|

P attime t

P at time t#t
Not: Hiz parca@in yériingesine geettir.
V=l
a
_dv . Av
as—=lm —==v=r
t at-0At



T "\» V()

N v(t+AY)

! \ v+

KARTEZYEN KOORD INATLAR

“1

v:vX1+vy1+vZK: X + 'y_+ kK

a:ax_i+ay_j+ ak=Vvi+ Vyi"' VK = "1'_(+"i_/+'lg

r—\/x2+y2+z2
v:\/vf+v2+
a=,al+al+a

Ornek 1:Karteziyen koordinatlar

—+2; 3;
r=ti+a 1+K , konum bg&intizi verilmg hiz ve ivme vektorlerini ve
siddetlerini hesaplayin

Cozum:



ysﬂ—Zti_+6t2j
d Z
a=2i+12j
r=yx2+y2 422 = th+ a6 41
=42 + 364 = 2ty/1+9t2
=4+1442 = 2\/1+ 362
eget hizin iki bilgeni vardir.
tan(@ )=
an =—
VvV

Ornek 2:Karteziyen koordinatlar

a= X|_+vy1+5tg_

Baslangic¢ kagullari t=0
X=0,y=0,z=0y=%Ly=1vy=0
pozisyonu hesaplayin

Cozum:

() x-yonu

. Olarak verilmg hiz ve

10



(i) y-yonu

Iy, A%

ay = =Vy—= =X

*Todt T dx
Firstseparateariables
vy dvy = xdx

Thenintegrate
'[vxdvx = dex+ C

2 2
V_X:X_+C
2 2

Usingtheinitial conditions
att=0,x = 0Oandvy, =1, wecanget

C =1/2,50V, :% =\x% +1

by seperatingariableandintegratirg, weget

t:_[ dx + D =arcsinh§) + D

Vx2+1
Usinginitial condition:
att=0,x =0,wecangetD = 05s0
t = arcsinh(x)

11



(i) zyona

dvy tinghevariabl
a,, =E——=V,,,Sseperatingnevarianle

Invy, =t +C, usinginitial condition:
att=0,vy =1 wecangetC=0
y=[e'dt+D =€ +D

usinginitial condition:

att=0,y =0,wecangetD =-1,s0

y=el -1

a, =5t
W:jam+0:§@+c
2

usinginitial condition:
att=0,v, =0, wecangetC = 0so
9.2

5.2 5.3
z=s|v,dt=|=t°dt+D==t"+D
.[ 74 .[2 6
usinginitial condition:
att=0,z=0,wecangetD = 05so

2 =243
6

Ornek 3:Karteziyen koordinatlar

v=3ti+y

yortingenin € acisini bulun.

Cozum:

12



Vv, 3t
H=arctanv )= arctang )

Motion with constant acceleration

dv,
ay — constant = —+
) dt
Vy o & J- ay dt subscript y for y direction

= a:.,.-t + const

Vy = Wy tayt (1) subscript 0 fori — 0
y = | vy dt
|

= vyt + 3 ayt? + constant
r — + vont + l tz 11
¥ — YO Vy0 5 Ayl (11)
Eliminate t from (1) and (11)
F F f— T 1 2 f—
V- Vi) = \-}.-{jt + ;ﬂ}.-t = =

13



Example. Joe runs at constant speed 6 ms-! towards a
stationary bus. When he 1s 30 m from it, the bus accelerates

away at 2 m.s~2. Can he overtake it?

Given: vy=6ms |, vpy=0,ap-2 m.s2, aj=0,
Xho - XJp = 30 m

Translate the question: Does xj = X} at any t?

| .
Xb = Xpo + vpot + Eﬂbfz (i)
X] = xjptvpptt %ﬂﬂz (1)

Eliminate xj, by choice of origin, xp, = 30 m

Draw a diagram or two

bus

Joe
2u]

“bo

t
Xh = XJ substitute (1) and (11)

%abtz -Vt + Xpo = 0

_ Vio £V V2Jo - 2abXbo
dh
Put in numbers

t are the units caorrect?

y-ve .. no solutions, .. no overtaking.



Example. Ball 1 thrown vertically up at 5 ms-! from 20 m
above ground. Simultaneously, ball 2 thrown vertically down

at 5 ms-! from 20 m above ground. What are their speeds
when they hit the ground, and the interval between collisions?

Vol = 5 ms-| Voo = - 5 ms-| Vo= 20 m

v':l
\l t
t

[_

tl
Y
(\

Wheny=0,t="
Use (i) to get t; and t5. Use (1) to get vy and vy;.

15



How much do you lose if you miss the gun?

Two runners at different times (At apart). During the
(constant) acceleration phase, when are they Ax apart 7

X| = é—atz X g

1
- p— — 1 2
X9 3 alt)

' = t—At

Kl—XE

=%at3 —~ %ﬂ(t — At)2

{solve for t!

Uniform circular motion
Write 8 = t.  where ® = const

 1s the angular velocity

¥ (L)
yit+al N\ 28
X
As Atand AB — 0, Av — right angles tov
o _ lim (AY ( . centripital -
A= A0 A B L heceleration
As AB — 0, As = rAd (arc becomes straight line)
ds de
"||.‘ - — p— v —_— p— "
dt | dt I

16



Again, use arc = str line of triangle, here for Av :

|£‘«.£| = |\-’5E}| (n.b.: |_h|
lim
At v | = [vdel
_ Jdv
4= "4
o de
\Y T = Vv
v2 -
a=—= ®lr but a / —-r
S0 a -1

Example. Cm travelling a v goes over hill with vertical radius
r =30 m (== height of car) at summit. Assume it doesn't slow
down. How high must v be for the car to lose contact with the
ground at the summit?

.

[f gravity is only downwards force, then if agengrip > g, g 1s not
enouﬁh %uelemtlon tor circular motion.

o

v > 4rg = 17m.s! =62 kph

17



Question. A man shoots at a coconut. At the instant that he
fires, the coconut falls. What happens

obvious method (c for coconut, b for bullet)
h = Ltan®©

1 A )
}_rc — h — thi }b — ‘I.":.r-'ﬁt - ?gtL

}.-‘C — }_.‘b — h — 1".:1}"0.[ = h — 1'.05“]61[
L = tvgcos® — T - =
( Vocos 6
1 o vosinB.L.
Ve — Vh = h — Vo COS 0 = h—-Ltan©
=0

Alternatively: consider a frame of reference falling with g.

18



Projectiles

Without air, ay =—g= constant. ax =10
(Galileo: independence of horiz. & vert motion)

2,

L

[ | =—

{ll} — Y = Yo + \-’}:Ut —
(11) — X = Xo T vyl

Choose axes so that Xg = yp = 0 and eliminate t:

X | X
() ®

Y

)
0
L o

L

y=0whenx=0o0rR

R 1 (R}

Vyo = Vo sinB, vy=vocosB — R=R(vy9)

Set g—g =0 to obtain 8 for maximum range.

R I (R
Vyo (r\) = EE{ET (*%)

solve (**) for R:

2V Vy
R = _hﬁm (check uniis)

~ 2vpsinB.vpcos B

15
)

vi2 sin 20

o
)

19



dR 2vo? cos 20
a0

IR
6

y =

= () when 26 = 90~

Example The human cannon of Circus Oz has a muzzle
velocity vp. For their next trick, they will fire the human
canonball into a horizontal teflon tube at height h above the
canon mouth. To avoid damage to the canonball, he must
arrive with purely horizontal velocity. Calculate the postion of
the canon and its angle to the vertical.

i) draw a diagram
ii) put in symbols for quantities

iir)  translate question

given h, vy and final v, — 0

Find L and @

20



Relate h, vy and vy, vy, depends on 6.

During flight, the acceleration is —g upwards. The desired v, 1s
Zero, so

0 = '1.-*}.-2 = '1.-*7,,.02 +2a(Ay) = v,2 cos? B — 2gh

S Vetcos? 8=2gh

Find time of flight. vy = L.
0 = Vy = Vyo T oagt
~ Vpcos B
e
L =wv,tsines.
_ vV, cos B
= V,sIne ———
Q:

L=

[
T

7
. Vo© .
[ <optional> = 5= sin 2 SJ
. v 2gh
where 8 = cos l[ v ) simplify optional

1



