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Motion in Two Dimensions

The Position, Velocity and Acceleration Vectors
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Two-Dimensional Motion with Constant
Acceleration
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Projectile Motion ( 5 ) 7
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Horizontal Range and Maximum Height of a
Projectile
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xg = Rat i = 2i,,

F



Ex/A stone is thrown from the top of a building a) V=it vyl + %avrf’f
upward at an angle of 30° to the horizontal with an ' -

initial speed of 20.0 m/s, as shown in Figure. If the yi= 0= —45.0m, ¢, = =g,

height of the building is 45 m. U, = v;cos6; = (20.0 m/s)cos30.0° = 17.3 m/s
a) How long does it take the stone to reach the o = visin 6; = (20.0 m/s)sin 30.0° = 10.0 m/s
ground? :

—45. = 0m/s)t — 1(9.80 m/s2)2
b) What is the speed of the stone just before it strike: #5.0m = (10.0 m/s)t = 5(9.80 m/s%) ho e

the ground?
Y 0,=20.0m/s b) Uy = Uy, + r._r_,;rt

0.0 | e, . o= 10.0m/s — (9.80 m/s2) (4.22's) = —31.4 m/s

A | |

' Uy = Uy = 17.3 m/s,

Up = ’\."rr_,a,r? + t-'ﬂrg = \(17.9)*+ (=31.49)%m/s= 359 m/s




Ex/A plane drops a package of supplies as shown in Xp= X; T vyl
Figure. If the plane is traveling horizontally at 40 m/s xp= (40.0 m/s};
and is 100 m above the ground, where does the |
package strike the ground relative to the point at
which it is released?

gt*

Bo | =

v
—100 m = —5(9.80 m/s?) 2

—- 4().0 M /S [ = 4525

T= - x;= (40.0 m/s)(4.525) = 181 m

100 m \




Acceleration vector in uniform circular motion is
always perpendicular to the path and always points

Motion a circular path with constant speed v is called
P P toward the center of the circle and called centripetal

uniform circular motion.

acceleration. .
Even though an object moves at a constant speed in a Maenitude of th , | | o = U*
circular path, it still has an acceleration. agnitude of the centripetal acceleration s ¢ = =
Acceleration depends on the change in the velocity
vector. Velocity vector has both magnitude and Period «T»: The time required for one complete
direction. In uniform circular motion only direction of revolution.
velocity vector changes. -
The velocity vector is always tangent to the path of I'= v

the object and perpendicular to the radius of the
circular path.




Tangential and Radial Acceleration The radial acceleration component arises from the
change in direction of the velocity
3 Path of a 9
-7 T~ particle J— U

Ay = —Qp = ———
,

The total acceleration vector a can be written as the
vector sum of the component vectors

a=a,t+ a 0 0

r—r — -E:}_ —— -_L \ I .-'\
a=\a? + a?>.

The tangential acceleration component causes the . .
change in the speed of the particle. This component is a=ar+a = 0 —
parallel to the instantaneous velocity
d|v]
di

a; =



Speed of A relative to B
V,p=V,-Vp= 20-60=-40 m/s

Speed of B relative to A
Vg,=Vp-V,= 60-20= 40 m/s

a particle located at point A in the Figure.

Imagine that the motion of this particle is being
described by two observers, one in reference frame
S, fixed relative to Earth, and another in reference
frame S’, moving to the right relative to S (and
therefore relative to Earth) with a constant velocity
V,. One observer at «O» and other at «O’»

(Relative to an observer in §, S moves to the left with
a velocity -V,.)
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At t=0 origins of the two reference frames coincide in SRR,
space. (B et

r = I’J + V{}f. 5
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VbE = Vbr T ViE

g = Vo + ops = V(10.0)%2 + (5.00)2 km/h

= 11.2 km/h

A boat heading due north crosses a wide river

with a speed of 10 km/h relative to the water. The The direction of vpE is
water in the river has a uniform speed of 5 km/h due o wE (500 .
east relative to the Earth. Determine the velocity of 6 = tan ( 1-13.-) = tan ( 10.0 J =

the boat relative to an observer standing on either
bank.



