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Pocce & s wtesmc K ron

* A force 1s a push or a pull.
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* A force 1s a push or a pull.

\!!Asu

-

Pull

-
et
b,
I
L 10
<




Pocce § it Kion

e A force 1s a push or a pull.
e A force 1s an 1nteraction between two objects
or between an object and its environment.
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Pocce § interakion

e A force 1s a push or a pull.

e A force 1s an interaction between two objects
or between an object and its environment.

* A force 1s a vector quantity, with magnitude
and direction.

I F (force)
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Pocce § interakion

e A force 1s a push or a pull.

e A force 1s an interaction between two objects
or between an object and its environment.

* A force 1s a vector quantity, with magnitude
and direction.
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Pocce & s wtesmc K ron

(a) Normal force n: When an ohject rests or
pushes on a surface, the surface exerts a push on
it that 1s directed perpendicular to the surface.
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Pocce & s wtesmc K ron

(a) Normal force 2 When an ohject rests or
pushes on a surface, the surface exerts a push on

it that is directed perpendicular to the surface.

=

S —.

(b) Friction force f; In addition to the normal
force, a surface may exert a friction force on an
object, directed parallel to the surtace.
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Pocce & s wtesmc K ron

(a) Normal force 2 When an ohject rests or
pushes on a surface, the surface exerts a push on
it that is directed perpendicular to the surface.

(b) Friction force f; In addition to the normal
force, a surface may exert a friction force on an
object, directed parallel to the surtace.

(c) Tension force T: A pulling force exerted on
an object by a rope, cord, elc.
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(d) Weight w: The pull of gravity on an object

is d long-range [oree (a foree that acts over

a distance).
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Pocce & s wtesmc K ron

(a) Normal force 2 When an ohject rests or

pushes on a surface, the surface exerts a push on

it that is directed perpendicular to the surface.

.

\ n

(b) Friction force f; In addition to the normal
force, a surface may exert a friction force on
object, directed parallel to the surtace.

(c) Tension force T: A pulling force exerted on
an object by a rope, cord, elc.

(d) Weight w: The pull of gravity on an object
15 a long-range force (a force that acls over
a distance).
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Pocce § interaKLion

(/(A/H'S 4 Ja/cel /\I’f New+o~ <S I)

\glnsu




Pocce § interaKLion

(/(NHS 4 Ja/cel /\I’f New+o~ <S f)
VouR= 0 (US)
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Pocce § interaKLion

(/(NHS 4 Ja/cel /\I’f New+o~ <S f)
VouR= 0 (US)
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Pocce § interaKLion
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Frocce & s tesc Kion

Table 4.1 Typical Force Magnitudes

Sun’s gravitational force on the earth 3.5 X 10PN
Weight of a large blue whale 1.9 % 10°N
Maximum pulling force of a locomotive 8.9 X 10°N
Weight of a 250 Ib linebacker 1.1 X 10°N
Weight of a medium apple I N

Weight of the smallest insect eggs 2% 10°N
Electric attraction between the proton and the electron in a hydrogen atom 82 %X 10°N
Weight of a very small bacterium 1 X 107N
Weight of a hvdrogen atom 1.6 % 107° N
Weight of an electron 8.9 x 10N
Gravitational attraction between the proton and the electron in a hydrogen atom 3.6 X 104N

Vasu )




Frocce & s tesc Kion

Table 4.1 Typical Force Magnitudes
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Weight of a large blue whale 1.9 % 10°N
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Pocce & s tesc Kion

Table 4.1 Typical Force Magnitudes

Sun’s gravitational force on the earth 3.5 X 102N
Weight of a large blue whale 1.9 % 10°N
Maximum pulling force of a locomotive 8.9 X 10°N
Weight of a 250 Ib linebacker 1.1 X 10°N
Weight of a medium apple I N

Weight of the smallest insect eggs 2% 10°N
Electric attraction between the proton and the electron in a hydrogen atom 82 %X 10°N
Weight of a very small bacterium 1 X 107N
Weight of a hvdrogen atom 1.6 % 107° N
Weight of an electron 8.9 x 10N
Gravitational attraction between the proton and the electron in a hydrogen atom 3.6 X 104N
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Pocce & s tesc Kion

Table 4.1 Typical Force Magnitudes

Sun’s gravitational force on the earth 3.5 X 102N
Weight of a large blue whale 1.9 % 10°N
Maximum pulling force of a locomotive 8.9 X 10°N
Weight of a 250 Ib linebacker 1.1 X 10° N
Weight of a medium apple I N

Weight of the smallest insect eggs 2% 10°N
Electric attraction between the proton and the electron in a hydrogen atom 82 %X 10°N
Weight of a very small bacterium 1 X 107N
Weight of a hvdrogen atom 1.6 % 107° N
Weight of an electron 8.9 x 10N
Gravitational attraction between the proton and the electron in a hydrogen atom 3.6 X 104N
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,a‘ofce [ S o~ Vector
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Pocce & s wtesmc K ron

,a‘ofce [ S o~ Vector

(a) A 10 N pull directed 30° above
the horizontal

—
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Aocce 1§ o~ Vectsr ¥
(a) A 10 N pull directed 30° above l____, x

the horizontal

\!JASU

33




Pocce & s wtesmc K ron

Aocce 1§ o~ Vectsr ¥
(a) A 10 N pull directed 307 above ]____ X

the horizontal
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Aocce 1§ o~ Vectsr ¥
(a) A 10 N pull directed 307 above l____, x

the horizontal
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_Aocce £ s wtescc K ion

,3‘0(@ 1S on Vector "
(@) A 10 N pull directed 30° above N I____ X

the horizontal /k
N\
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Aocce 1§ o~ Vectsr ¥
(a) A 10 N pull directed 307 above I____, x

the horizontal ( /k
/\- ( N\

72 ’/?’F(s.'uzd’)j
m——— Flcos3097¢

(b) A 10 N push directed 45° below
the horizontal
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(a) A 10 N pull directed 30° above N | .
the horizontal ( /k

% ’/?ch w3F)
—— Flcos3097¢

(b) A 10 N push directed 45° below
the horizontal
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F
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,3‘0(@ 1S on Vector "
(a) A 10 N pull directed 307 above N I____ x

the horizontal ( /k
N x\
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Flcos53097¢
(b) A 10 N push directed 45° below
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(a) A 10 N pull directed 30° above N | .

the horizontal
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(b) A 10 N push directed 45° below
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Two torces F| and F, acting on an object at
point O |
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Two torces F and F, acting on an object at

point O
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AA@M position”

— e
Two torces F and F, acting on an object at
point O have the same effect as a single force
R equal to their vector sum.
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A R =3F
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The y-component of R
equals the sum of the y-
componentq of Fl and F2

y
4 N
A R =3F
Fzy
m“' F—>2
"y
R <
Fy F
S =l ——x
O Fix F 2x
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The y-component of R

equals the sum of the y- The same 1s true for
componentq of Fl and Fz_ the x-components.
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Three professional wrestlers are fighting over a champion’s belt. Figure 4.7alZ shows the

horizontal force each wrestler applies to the belt, as viewed from above. The forces have

magnitudes F; = 50 N, F5 — 120 N, and F; — 250 N. Find the z- and y-components of the

net force on the belt, and find its magnitude and direction.
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Three professional wrestlers are fighting over a champion’s belt. Figure 4.7alZ shows the

horizontal force each wrestler applies to the belt, as viewed from above. The forces have
magnitudes F; = 50 N, F5 — 120 N, and F; — 250 N. Find the z- and y-components of the

net force on the belt, and find its magnitude and direction.

B9, ©=53° DF =SONY
EINEUIN
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Three professional wrestlers are fighting over a champion’s belt. Figure 4.7alZ shows the

horizontal force each wrestler applies to the belt, as viewed from above. The forces have
magnitudes F; = 50 N, F5 — 120 N, and F; — 250 N. Find the z- and y-components of the

net force on the belt, and find its magnitude and direction.
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Three professional wrestlers are fighting over a champion’s belt. Figure 4.7alZ shows the

horizontal force each wrestler applies to the belt, as viewed from above. The forces have

magnitudes F; = 50 N, F5 — 120 N, and F; — 250 N. Find the z- and y-components of the

net force on the belt, and find its magnitude and direction.
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Three professional wrestlers are fighting over a champion’s belt. Figure 4.7alZ shows the

horizontal force each wrestler applies to the belt, as viewed from above. The forces have

magnitudes F; — 50N, F;, — 120 N, and F3 — 250 N. Find the - and y-components of the

net force on the belt, and find its magnitude and dlrELtmn
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Three professional wrestlers are fighting over a champion’s belt. Figure 4.7alZ shows the

horizontal force each wrestler applies to the belt, as viewed from above. The forces have

magnitudes F; — 50N, F;, — 120 N, and F3 — 250 N. Find the - and y-components of the
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net force on the belt, and find its magnitude and direction.
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Three professional wrestlers are fighting over a champion’s belt. Figure 4.7alZ shows the

horizontal force each wrestler applies to the belt, as viewed from above. The forces have
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Three professional wrestlers are fighting over a champion’s belt. Figure 4.7alZ shows the

horizontal force each wrestler applies to the belt, as viewed from above. The forces have
magnitudes F; — 50N, F;, — 120 N, and F3 — 250 N. Find the z- and y-components of the
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Three professional wrestlers are fighting over a champion’s belt. Figure 4.7alZ shows the

horizontal force each wrestler applies to the belt, as viewed from above. The forces have
magnitudes F; — 50N, F;, — 120 N, and F3 — 250 N. Find the z- and y-components of the
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Three professional wrestlers are fighting over a champion’s belt. Figure 4.7alZ shows the

horizontal force each wrestler applies to the belt, as viewed from above. The forces have
magnitudes F; — 50N, F;, — 120 N, and F3 — 250 N. Find the z- and y-components of the

eI TSR s
__.:S_____{;;___ W #— FZ:: [ZO/\/[‘Q)
T = A A
% § Fo= Bl thyg,
(whose 4= 250 Neos(539) =" | SOM
- Fay =-250Nsin(53) = TN

50 Ry =SON-I15ON =100N
nsu Ky =-120N




Three professional wrestlers are fighting over a champion’s belt. Figure 4.7alZ shows the

horizontal force each wrestler applies to the belt, as viewed from above. The forces have
magnitudes F; — 50N, F;, — 120 N, and F3 — 250 N. Find the z- and y-components of the

eI TSR s
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T = A A
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(whose 4= 250 Neos(539) =" | SOM
- Fay =-250Nsin(53) = TN
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Three professional wrestlers are fighting over a champion’s belt. Figure 4.7alZ shows the

horizontal force each wrestler applies to the belt, as viewed from above. The forces have
magnitudes F; — 50N, F;, — 120 N, and F3 — 250 N. Find the z- and y-components of the
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Three professional wrestlers are fighting over a champion’s belt. Figure 4.7alZ shows the

horizontal force each wrestler applies to the belt, as viewed from above. The forces have

magnitudes F; = 50 N, F5 — 120 N, and F; — 250 N. Find the z- and y-components of the

net force on the belt, and find its magnitude and direction.
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Three professional wrestlers are fighting over a champion’s belt. Figure 4.7alZ shows the

horizontal force each wrestler applies to the belt, as viewed from above. The forces have

magnitudes F; = 50 N, F5 — 120 N, and F; — 250 N. Find the z- and y-components of the

net force on the belt, and find its magnitude and direction.
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Three professional wrestlers are fighting over a champion’s belt. Figure 4.7alZ shows the

horizontal force each wrestler applies to the belt, as viewed from above. The forces have
magnitudes F; = 50 N, F5 — 120 N, and F; — 250 N. Find the z- and y-components of the

net force on the belt, and find its magnitude and direction.
—

’jo £ = ~(OON T +80N
! X ? K= }/*ﬂd
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Three professional wrestlers are fighting over a champion’s belt. Figure 4.7alZ shows the

horizontal force each wrestler applies to the belt, as viewed from above. The forces have
magnitudes F; = 50 N, F5 — 120 N, and F; — 250 N. Find the z- and y-components of the

net force on the belt, and find its magnitude and direction.
—
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Three professional wrestlers are fighting over a champion’s belt. Figure 4.7alZ shows the

horizontal force each wrestler applies to the belt, as viewed from above. The forces have
magnitudes F; = 50 N, F5 — 120 N, and F; — 250 N. Find the z- and y-components of the

net force on the belt, and find its magnitude and direction.
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Three professional wrestlers are fighting over a champion’s belt. Figure 4.7alZ shows the

horizontal force each wrestler applies to the belt, as viewed from above. The forces have
magnitudes F; = 50 N, Fy — 120 N, and F; — 250 N. Find the z- and y-components of the

net force on the belt, and find its magnitude and direction.
—

’jo £ = ~(OONV T +80/V
! X f K= }/*ﬂd
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Three professional wrestlers are fighting over a champion’s belt. Figure 4.7alZ shows the

horizontal force each wrestler applies to the belt, as viewed from above. The forces have
magnitudes F; = 50 N, F5 — 120 N, and F; — 250 N. Find the z- and y-components of the

net force on the belt, and find its magnitude and direction.
—

’jo £ = ~(pON L +80/V
! X ? K= }/*ﬂd
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Three professional wrestlers are fighting over a champion’s belt. Figure 4.7alZ shows the

horizontal force each wrestler applies to the belt, as viewed from above. The forces have
magnitudes F; = 50 N, F5 — 120 N, and F; — 250 N. Find the z- and y-components of the

net force on the belt, and find its magnitude and direction.
—
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Three professional wrestlers are fighting over a champion’s belt. Figure 4.7alZ shows the

horizontal force each wrestler applies to the belt, as viewed from above. The forces have
magnitudes F; = 50 N, F5 — 120 N, and F; — 250 N. Find the z- and y-components of the

net force on the belt, and find its magnitude and direction.
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Three professional wrestlers are fighting over a champion’s belt. Figure 4.7alZ shows the

horizontal force each wrestler applies to the belt, as viewed from above. The forces have
magnitudes F; = 50 N, F5 — 120 N, and F; — 250 N. Find the z- and y-components of the

net force on the belt, and find its magnitude and direction.
—
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2,279
"% e }/Jrﬁn

_}f()() _fgo‘“'/u’ 1Z8N
‘é&/t/), g Py. — % > ):'éé,j(%%

Vasu )




Three professional wrestlers are fighting over a champion’s belt. Figure 4.7alZ shows the

horizontal force each wrestler applies to the belt, as viewed from above. The forces have
magnitudes F; = 50 N, F5 — 120 N, and F; — 250 N. Find the z- and y-components of the

net force on the belt, and find its magnitude and direction.
—
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Three professional wrestlers are fighting over a champion’s belt. Figure 4.7alZ shows the

horizontal force each wrestler applies to the belt, as viewed from above. The forces have
magnitudes F; = 50 N, F5 — 120 N, and F; — 250 N. Find the z- and y-components of the

net force on the belt, and find its magnitude and direction.
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Three professional wrestlers are fighting over a champion’s belt. Figure 4.7alZ shows the

horizontal force each wrestler applies to the belt, as viewed from above. The forces have
magnitudes F; = 50 N, F5 — 120 N, and F; — 250 N. Find the z- and y-components of the

net force on the belt, and find its magnitude and direction.
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Three professional wrestlers are fighting over a champion’s belt. Figure 4.7alZ shows the

horizontal force each wrestler applies to the belt, as viewed from above. The forces have
magnitudes F; = 50 N, F5 — 120 N, and F; — 250 N. Find the z- and y-components of the

net force on the belt, and find its magnitude and direction.
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(a) Table: puck stops short.
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(a) Table: puck stops short. (b) Ice: puck slides farther.
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(@) Table: puck stops short. (b) Ice: puck slides farther. (c) Air-hockey table: puck slides even farther.
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(@) Table: puck stops short. (b) Ice: puck slides farther. (c) Air-hockey table: puck slides even farther.
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Newton’s first law of motion

An object acted on by no net external force has a constant velocity
i (which may be zero) and zero acceleration
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Newton’s first law of motion
An object acted on by no net external force has a constant velocity
(which may be zero) and zero acceleration
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Initially, you and the .,

vehicle are at rest.
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You tend to remain at rest as the
vehicle accelerates around you. 107
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(@) Initially, you and the .,
vehicle are at rest. '
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You tend to remain at rest as the
vehicle accelerates around you.

108




(b) [nitially, you and the
vehicle are in motion. ™,
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You tend to continue moving
with constant velocity as the
vehicle slows down around you.
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() The vehicle rounds a turn
at constant speed.

You tend to continue moving in a
straight line as the vehicle turns.
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