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Mehanika - sile i Newtonovi zakoni

Sila

Gibanje
koje opisujemo jednadžbama gibanja

Položaj, brzina, ubrzanje...
su rješenja jednadžbi gibanja koja općenito ovise o vremenu



Pomak, brzina i ubrzanje



Pomak, brzina i ubrzanje


Fizika za matematiare – 2009.


 

Δ!r = !r − !r0
!v =
!r − !r0
t − t0

= Δ!r
Δt

!v = lim
Δt→0

Δ!r
Δt

!a =
!v − !v0
t − t0

= Δ!v
Δt

!a = lim
Δt→0

Δ!v
Δt

Važno!



Pomak, brzina i ubrzanje

konstantna brzina promjenjiva brzina



Pomak, brzina i ubrzanje



Relativna brzina
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u odnosu
na vlak

brzina
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70 Chapter 3 Vectors and Two-Dimensional Motion

Exercise 3.9
A train is traveling at 27 m/s relative Earth, and a passenger standing in the train throws a ball at 15 m/s relative the
train in the same direction as the train’s motion. Find the speed of the ball relative to Earth.

Answer 42 m/s

EXAMPLE 3.10 Crossing a River
Goal Solve a simple two-dimensional relative motion problem.

Problem The boat in Figure 3.22 is heading due north as it crosses a wide river
with a velocity of 10.0 km/h relative to the water. The river has a uniform velocity of
5.00 km/h due east. Determine the velocity of the boat with respect to an observer
on the riverbank.

Strategy Again, we look for key phrases. “The boat (has) . . . a velocity of
10.0 km/h relative to the water” gives . “The river has a uniform velocity of
5.00 km/h due east” gives , because this implies velocity with respect to Earth.
The observer on the riverbank is in a reference frame at rest with respect to Earth.
Because we’re looking for the velocity of the boat with respect to that observer,
this last velocity is designated . Take east to be the ! x-direction, north the 
! y -direction.

Solution

v:BE

v:RE

v:BR

E

N

S

W

vRE

vBR

vBE

u

Figure 3.22 (Example 3.10)
Arrange the three quantities into the proper relative
velocity equation:

" # v:REv:BEv:BR

Write the velocity vectors in terms of their components.
For convenience, these are organized in the following
table:

Vector x-component (km/h) y-component (km/h)

0 10.0
vx vy

5.00 0v:RE

v:BE

v:BR

Find the x -component of velocity: 0 " vx # 5.00 km/h : vx " 5.00 km/h

Find the y -component of velocity: 10.0 km/h " vy # 0 : vy " 10.0 km/h

Find the magnitude of :v:BE vBE "

" " 11.2 km/h√(5.00 km/h)2 ! (10.0 km/h)2

√vx
2 ! vy

2

Find the direction of :v:BE 26.6$% " tan#1 ! vx

vy
" " tan#1 ! 5.00 m/s

10.0 m/s " "

The boat travels at a speed of 11.2 km/h in the direction 26.6$ east of north with respect to Earth.

Exercise 3.10
Suppose the river is flowing east at 3.00 m/s and the boat is traveling south at 4.00 m/s with respect to the river. Find
the speed and direction of the boat relative to Earth.

Answer 5.00 m/s, 53.1$ south of east
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!vBE =

!vBR +
!vRE

brzina
čamca
u odnosu
na obalu

brzina
čamca
u odnosu
na vodu

brzina
vode
u odnosu
na obalu



Relativna brzina

 
!vAB =

!vAE −
!vBE



prosječna i trenutna brzina

PROSJEČNA BRZINA = 
POMAK

UKUPNO VRIJEME GIBANJA

 

!v =
!x − !x0
t − t0

= Δ!x
Δt SI [m/s]

TRENUTNA BRZINA
 
!v =

Δt→0
lim
!x t + Δt( )− !x t( )

Δt
= d
!x
dt

 

!a =
!v − !v0
t − t0

= Δ!v
Δt

PROSJEČNO UBRZANJE

TRENUTNO UBRZANJE
 
!a =

Δt→0
lim
!v t + Δt( )− !v t( )

Δt
= d
!v
dt



prosječna brzina

trenutna brzina

v =
Δ s
Δt

v = lim
Δt→0

Δ s
Δt



akceleracija (ubrzanje)
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pomak ∆x = x-x0

 

!v =
!x − !x0
t − t0

= Δ!x
Δtprosječna brzina

 

!a =
!v − !v0
t − t0

= Δ!v
Δt

prosječno ubrzanje

Jednoliko ubrzano gibanje:
a = const.
v = v0 + at

x = x0 + v0t +
1
2
at 2

Jednoliko gibanje:
a = 0
v = v0
x = x0 + v0t

ako eliminiramo vrijeme:

x − x0 = 1
2 v0 + v( )t = v

2 − v0
2

2a
varijable: x, x0, v, v0, a, t, t0 = 0



!v = d
!r
dt

⇒ d!r = !vdt

d!r = !v dt∫∫
!r +C1 =

!v0 ⋅ t +C2
!r = !v0 ⋅ t +C

!r = !v0 ⋅ t +
!r0

Jednoliko gibanje

v = const, v = v0

t = 0, r = r0

!a = d
!v
dt

⇒ d!v = !adt

d!v = !adt∫∫
!v +C1 =

!a0 ⋅ t +C2
!v = !a0 ⋅ t +C

!v = !a0 ⋅ t +
!v0

d!r = !v dt∫∫ = !a0 ⋅ t +
!v0( )∫

!r +C1 = 1
2
!a0t

2 + !v0 ⋅ t +C2
!r = 1

2
!a0t

2 + !v0 ⋅ t +C

!r = 1
2
!a0t

2 + !v0 ⋅ t +
!r0

a = const, a = a0

t = 0, v = v0

t = 0, r = r0

Jednoliko ubrzano gibanje



jednoliko ubrzano 
gibanje



slobodni pad

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Fg = -mg Gravitacijska sila u blizini
površine Zemlje - sila teže

v = v0 − gt
y = y0 + v0t − 1

2 gt
2

g = 9.81m s2
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Jednoliko ubrzano gibanje:
a = const.
v = v0 + at

x = x0 + v0t +
1
2
at 2



jednoliko ubrzano 
gibanje

- početna brzina v0 = 0 m/s

t (s) s (m)

1 5

t1 = 2 s1 = 22·5 = 20

t2 = 3 s2 = 32·5 = 45

t3 = 4 s3 = 42·5 = 80

y = y0 + v0t − 1
2 gt

2

v = v0 − gt
g = 9.81m s2



slobodni pad



slobodni pad



slobodni pad

• gustoća plinova na površini mjeseca je 1014 puta manja nego na površini Zemlje
• Na, K
• Zemlja: 1019 atoma/cm3, mjesec: <106 atoma/cm3



slobodni pad

maksimalna visina i u kojem trenutku?



slobodni pad

kada će kamen opet biti u početnom položaju i 
koja će tada biti njegova brzina?

kada će kamen pasti na zemlju?



jednoliko ubrzano 
gibanje



konceptualna pitanja:

• Dijete baca kamen u zrak s početnom brzinom v0. 
Drugo dijete u istom trenutku ispušta loptu. 
Usporedite ubrzanja ova dva tijela dok se nalaze u 
zraku.

• Lopta je bačena vertikalno u vis. (a) Koliki su njena 
brzina i ubrzanje u trenutku kada doseže 
maksimalnu visinu? (b) Koliko je ubrzanje lopte u 
trenutku baš prije nego što padne na tlo?



složeno gibanje

3.2 Components of a Vector 57

Figure 3.10 shows two vectors lying in the xy -plane. Determine the signs of the 
x - and y -components of , , and ! , and place your answers in the following
table:

Vector x-component y-component

! B
:

A
:

B
:
A
:

B
:

A
:

B
:

A
:

Quick Quiz 3.3 y

x

B

A

EXAMPLE 3.2 Help Is on the Way!
Goal Find vector components, given a magnitude and direction,
and vice versa.

Problem (a) Find the horizontal and vertical components of
the 1.00 " 102 m displacement of a superhero who flies from
the top of a tall building along the path shown in Figure 3.11a. 
(b) Suppose instead the superhero leaps in the other direction
along a displacement vector , to the top of a flagpole where
the displacement components are given by Bx # $ 25.0 m and 
By # 10.0 m. Find the magnitude and direction of the displacement
vector.

Strategy (a) The triangle formed by the displacement and
its components is shown in Figure 3.11b. Simple trigonometry gives
the components relative the standard x-y coordinate system: Ax #
A cos % and Ay # A sin % (Equations 3.2). Note that % # $ 30.0&,
negative because it’s measured clockwise from the positive x -axis. 
(b) Apply Equations 3.3 and 3.4 to find the magnitude and
direction of the vector.

B
:

(a)

100 m

x

y

30.0°

(b)

Ax x

y

Ay

30.0°
A

Figure 3.10 (Quick Quiz 3.3)

Figure 3.11 (Example 3.2)

Solution
(a) Find the vector components of from its magnitude
and direction.

Use Equations 3.2 to find the components of the
displacement vector :A

:

A
:

Ax # A cos % # (1.00 " 102 m) cos($ 30.0&) #

Ay # A sin % # (1.00 " 102 m) sin($ 30.0&) # $ 50.0 m

! 86.6 m

(b) Find the magnitude and direction of the displace-
ment vector from its components.

Compute the magnitude of from the Pythagorean
theorem:

B
:

B
:

# 26.9 mB # √B 2
x ! B 2

y # √($ 25.0 m)2 ! (10.0 m)2

Calculate the direction of using the inverse tangent,
remembering to add 180& to the answer in your calculator
window, because the vector lies in the second quadrant:

B
:

% # 158&

 % # tan$1 ! By

Bx
" # tan$1 ! 10.0

$ 25.0 " # $ 21.8&

Remarks In part (a), note that cos($ %) # cos %; however, sin($ %) # $ sin %. The negative sign of Ay reflects the
fact that displacement in the y -direction is downward.
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Početnu brzinu rastavljamo
na komponente

Početni uvjeti:
x0, v0x, ax

y0, v0y, ay

v = vx
2 + vy

2 = v0 x + axt( )2 + v0 y + ayt( )2

θ = tan−1 vy
vx

⎛
⎝⎜

⎞
⎠⎟
= tan−1 v0 y + ayt

v0 x + axt
⎛
⎝⎜

⎞
⎠⎟

vx

vy
v



jednadžbe kinematike u 2d
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 x - komponenta

x = x0 + voxt + 1
2 axt

2

v = v0 x + axt
ax = konst.

y - komponenta
y = y0 + voyt + 1

2 ayt
2

v = v0 y + ayt
ay = konst.



gibanje u dvije 
dimenzije-hitac



gibanje u dvije 
dimenzije-hitac



Specijalan slučaj: hici

x - komponenta
x = x0 + voxt
vx = v0 x
ax = 0

y - komponenta
y = y0 + voyt − 1

2 gt
2

vy = v0 y − gt
ay = −g

v = vx
2 + vy

2

vx = v0 x vy
2 = v0 y

2 + 2ayy

θ = cos−1 vx
vx
2 + vy

2

⎛

⎝
⎜
⎜

⎞

⎠
⎟
⎟

vx = v0 x vy
2 = v0 y

2 + 2ayy

θ



Konceptualno pitanje

Da li ova dva tijela u istom trenutku padaju na tlo?



kosi hitac

x - komponenta
x = x0 + vxot
v = vx0
ax = 0

y - komponenta
y = y0 + vy0t − 1

2 gt
2

vy = vy0 − gt

vy
2 = vy0

2 − 2g y − y0( )
ay = −g = konst.

y = tanθ0 ⋅ x −
g

2v0
2 cos2θ0

⋅ x2 = C1 ⋅ x +C2 ⋅ x
2



kosi hitac

dijagram gibanja za kosi hitac



kosi hitac

Koja je maksimalna visina H koju može dostići tijelo izbačeno početnom 
brzinom v0 (poznati kut i iznos brzine)?

- vy = 0          odredimo tH          izračunamo H = y(tH)

Koliki je domet tijela, R?
x = 0          odredimo tR          izračunamo R = x(tR)

Pokažite da vrijedi tR = 2 tH

H

R



kosi hitac



Konceptualna pitanja:

Kolica se gibaju brzinom vx u 
smjeru osi x. Ukoliko je lopta 
izbačena vertikalno u vis brzinom
vyo gdje će, u odnosu na kolica, 
pasti?

1.

2. Dvije kugle kotrljaju se po stolu različitim 
brzinama. Dolaze do ruba stola u istom trenutku. 
Koja kugla će prije pasti na tlo, sporija ili brža?



Malo tijelo izbačeno je iz točke A brzinom v prema vertikalnom 
zidu od kojeg se savršeno elastično odbija. Udaljenost točke A 
od zida je a = 2 m. Izračunajte:

a) minimalnu brzinu v takvu da tijelo padne na tlo u točki B,
b) visinu na kojoj malo tijelo udari o zid i
c) maksimalnu visinu koju malo tijelo postigne za vrijeme 

leta te horizontalnu udaljenost od zida u istom trenutku.

Zadatak




