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Notes - 3.1. Kinematics In Two Dimengions: An Introduciop,

.dimenslonal motion.
i Glve two examples of 2 d . i ,
; cqinn G LVl (e.g. a"river problem
A Abp”QLCMLﬂ AY conLhnd cpe e/ )

B ﬁ,- Aarc. 0f_m__h:£fz:_/é_é/ (e.9. a “projectile motion” problem)

2. Glven a right triangle of sides a and b and a hypotenuse of ¢, write the equation 1,
find the length of c. Z 2 a2 4 o*
3. What is used to represent the magnitude and direction of avector? 4~ ar/pw

4. The length of the vector is directly proportional to the _an & gn (adle  of
the vector,

5. HUGE IDEA: The horizontal and vertical components of two-dimensional motion are

/ no’e Pl o/«m 7 of each other. Any motion in the horizontal direction does
not affe,ér motion in the vertical direction, and vice versa.,

6. One baseball is dropped from rest. At the same instant, another is thrown
horizontally from the same height and follows a cur'vaj path. Which baseball hits the

ground first? ”/e,//&/ (:SG e Fi e Vol A,)l;\// o \/e/m.'ly[v)
Vi 2

: in Fi : the right), \ e !

7. For the thrown (blue) ball in Figure 3.6 (on the right) { \{?) ?1;, vie |

A. Is there acceleration in the y-direction?  { - T /
i
B. Isthere acceleration in the x-direction? 2 ......... T—,
8. The key to analyzing such motion is to resolve (separate) the \ 7 T
motion into separate X an Y vectors, which can be numerically [ I
added and subtracted with other vectors of the same dimension, > _______
......... Y
When a problem has zero acceleration in both the X and Y N

-

dimensions, we call ita ___((jvel” problem. When a problem has
zero acceleration in the X dimension, but an acceleration of -9.8m/s? in the Y dimension,

problem,

we call it a ‘{pr?’}e,a‘//e,



Vector Addition Practice:
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1. Find the resultant vector that is produced by adding vecto@

Xyl A ~ Head-to-Tail
vector comp’ com} Diagram: | iy
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Find

“4.
(s

Add vectors E and C.
X Y Head-to-Tail
Vgt comp. | comp. Diagram: T
Gl /,:;"‘_' A, — b b §
ﬁ -=3) |- lun &7 |
’ | Al & > //:7
N g} ,A- E
Dlapla| =B
Totals /CZ: ? AR 0? : } ................ >
, = =i 4l &
Magnitude T A S22
of Resultant | 7 7.5 ) ) & B
Direction .J $3 7‘<
of Res‘ult_av(

the resultant vectors from the additions of...
E+H
é_

6. CEFHIO>

Whatis-are the.magnitude and direction of the resultant vector[thyt i
<,f>e\ o
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Physics 200 Name: %._5 e erfS

Notes and Practice — Currents and Projectiles

Projectiles: v
Vv“ .-l Ve
1. The velocity of a launched projectile can be y o) Ve v, AN .
resolved into vertical (y) and horizontal (x) & - V\L
components. What happens to each of these "y W
components during the flight of the projectile? 'A Vi
Why? Assume that there is no air resistance. Vo, W A
|I Aa’ é %’iz i v
0 V changed e-c 4 SC f 3
o 7 ,/ y & At * "

%wemﬁ;o’t'

A Cé@./e/a\—'/"-o"“ ra 'y @ -
v
xv

- Vx’ /:‘5 664--514/1% ég,.ca,mée, 7%4/‘& s no ;‘M_J
C oS ?f_j hol‘r‘zoﬂ“‘» / a.(—c.e./em A Tog B
2, A projectile is launched horizontally and to the left from the top of a tall building in the absence of air

resistance. Sketch the path of the projectile as it falls to the ground. Use arrows to represent the object’s
speed, Vx, and Vy at the topmost point, bottommost point, aggat a couple of other points in between.

2
s

ey

3. Suppose a boat is launched directly northward across a river. The steering rudder is not adjusted once the
trip is underway, and the boat’s speed (relative to the water) is a steady 4m/s. The river’s current has a
westward velocity of 2m/s. What happens to the x and components of the boat’s velocity as it crosses the
river? Sketch a diagram showing the boat’s path. For at least w points, sketch vectors representing
the boat’s speed and velocity components (Vx and Vy). ‘ﬂ./’*

vy

Etrent Va Vy = 4/s Mocknz motor
7"‘/5 VX-"- 2‘\'/5 e 5} = 6v~fr&w\+




A projectile is launched from ground level with an initial speed of V at an angle of 6 above horizontal to the right.
The projectile flies in the absence of air resistance until it returns to ground level.

4.

5.

6.

7.

Create a sketch showing the initial conditions in
this problem. Show the initial velocity vector.
Also resolve the initial velocity vector into X and
Y components and sketch those components.

Use trig identities to provide the values of Vox
and Voy.

Vox = ﬁoS@(M>
voy= Sin (9([/,>

Which component vector determines the time
that the projectile remains in flight? Write a
formula for time aloft.

%\/ dederiines '7£' A
T i i [l

Write a formula for the maximum height
reached by the projectile

Ay = Voy (R )+ 4,#

2=V, /,_J + é@(_@)

Write a formula for the distance traveled by the
projectile. This is known as the range formula.

AXEV, ({wmlo’[)

6050(\/> (2_‘/04)
= (o5 &) < 2eia @ V>

2605@5/0\’9

—
-

A

by

T W/‘ae,%@(éw;‘;?%@

j;qaﬁ"é;%uatlons Provided On the Quiz
Resolving into x & y components: vy
Range formula:
v, sin20
Range=—"——

Horizontal motion:

x=vt=v,(cosb)¢

Vertical Motion:

Y=YotVf — gt y°+v0(sm0)t——

v, =V, —gt=v,sind — gt
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Projectile Practice Problems: Assume for all problems that there is no air resistance.
1. A car traveling at 60mph drives horizontally off of a cliff and falls to the ground 100m below.
/ -w,/;
a. Convert 60mph to m/s. 80 A’ Z é, 2“/
/0 2 77»1 A 2
b. How long does it take the car to reach the ground?
24.8~/5
Uoy= 0~/ (2. ~200m =
? =
t+ 44 (o) -
A}/ Vo7 + /L Z[ ? } */6 e
= (1) T TTED
¢ How far, horizontally, does the car fly through the air?
s = V() = 2t (1 52 ) (12D
2. You throw a ball at a 70° angle with an initial speed of 30mph. The ball flies in an arc and lands on a shelf
at the same height at which you released it.
a Convert 30mph to m/s. gﬁ'f/\ / g L/"-/s
2 Ztaph
b. How long will the ball remain aloft before hitting the sh
V= 1384 (60 B)= B /s 0.9</> i

TG 2o

€. What is the distance between the point of release and the point of impact on the shelf?

Ax= Y, (} 505[70)63' -4 (257)

d. What maximum heig ssteaehed By the ball? 7 _ )2
ﬂ-%-ﬂ‘?‘m—e/ Cime alo L2 = _2/’* l.29s

Ay = Vot + 4 at” = )2, é”/gé%s *{4(’9'5“5‘)(29’)1
=63 m— S

THI>




&

3. You are trying to throw a ball through an open window that is 20m above the point at which you will
release the ball and 5m in front of that release point. To minimize possible damage, you want the ball to
enter the window at its apogee (max height). At what angle and with what initial speed should you
release the ball? ~

DF;J l/o)/ '4,2: KZ*Z%(AQ /R
07 ::\/ ¢ +Z(ﬁ,§3~/é?- ZQ") :

2) Fr A Afemé #; h;ﬁyAt _ 19.94.7 02s

5))3«1\/0,( W= = %' 2025*’2 qzb

DFAG 4=\

5>FAQ Ton 0= Yor

A skier builds a jump and a landmg
area as shown on the diagram to the
right. The takeoff point and the
landing point are 15m apart and at
equal elevations. The jump is inclined
to horizontal at a 30 degree angle.

a. What speed does the skier need to attain in order to travel exactly 15 meters?
b. Given the initial speed from part a, what is the skier's maximum height, relative to the takeoff point?

c. Given the same initial speed, what is the skier’s time aloft?

2
Nsiny  rarge Kovolo e rirge Vo I728 5 1,{%2)

1S tG.8:48) Y e

\/j_é@' T
b l/,,),': _4/3\,(3_0)63%): 6 S/ \4,2:1/0 +24(Ay) S
o= (b5 h) + 254Dy (¢

Con oot = z_(ﬁ) o —
é> "5’;;,‘%5 S 538

Ax= Af/(VS = /5~= Aé(ém)(&«/) = At= 1335
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Chapter 3 Test 2015-2016

Name: K@)\
N

I. Multiple Choice: Select the one best answer for each question. Where g is used,
assume it equals 10 m/s? and neglect air resistance for falling/moving objects.

1. For a symmetric projectile with an initial velocity of vo, what other angle glves the

same range as 60°? \’)( 05 O\ ,
A) 5° 30° C) 45° D) 60° E) 75° émp N2V Y[\ﬂ/
®\ \)\ = CW

2. For a symmetric projectile with an initial velocity of vo, what angle gives the greatest
range?
A) 5° B) 30° @45° D) 60° E) 75°

3. A projectile is shot vertically upward with a given initial velocity. It reachesa
maximum height of 50.0 m. If, on a second shot, the initial velocity is 'rrlpled (i.e. 3X),

then the projectile will reach a maximum height of:
A) 75 m B) 100 m C) 150 m D) 200 m E) 450 m

~,

Vs 2 - \(—EL = Ymaw ~ Vo
4. The vectors A, B and C are related by% A+ B Which diagram below illustrates
this relahonshlp?

o5 Ny

Head- T@ “Toud

5. A bird flies at a speed of 15 meters per second with respect to the ground and the
wind is blowing at a speed of 5 m/s second with respect o the ground. [Note: The
wind could be blowing with the bird, in the opposite direction of the bird or all other
possible directions.] Which one of the speeds listed below is a possible net speed (i.e.

vector sum) of the bird with respect to the ground?
@ 18 m/s

A) 3m/s B) 5m/s C) 9m/s E) 25 m/s

My 16-5= 10k
{Y\O{Xx % \gﬂ’g :Q\Q\)VDS.,



For #6-11, the answers will be <, = or >, but y mark A, B or C on your Scantron sheet.
Assume no air friction for these projectiles and consider only the speed of the projectile
(i.e. disregard the + and - signs).

A) < B) = C) »

(Lé.vs_z_vf
87.00
/A( 8.VyB$__VyC

Diagram for #1-3

g 9 VxC —
B 10w =

C 1 ws_ o W

Diagram for #4-6

VxD

12. A vector has a component of 5 m in the +x direction and a component of 12 m in the +y

directign The magnitude of this vector is:
(C(B 13 m B) 15m C) 17 m D) 60 m E) 169 m

VIVENR 2 (35092 = 13m

13. A vector in the xy plane has an x-component of 14.0 and a y-component of 9.4. The

angle it makes with the {es'ﬁve X axis is:
A) 26° \e)>3 04, D)5 E) 66°

O = Jmn'L Yavy! 1?573 3q

14, Which of the following cannot be. a vector quantity?
A) velocity B) acceleration C) force @nmperature



Diagram for - e
Questions 15 & 16 v;)(’ .
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A rock is thrown from the edge of a cliff with an initial velocity vo at an angle
6 with the horizontal as shown above. Point P is the highest point in the rock's
trajectory and point Q is level with the starting point, Assume air resistance
is negligible.

15, Which of the following correctly describes the horizontal and vertical speeds and the
acceleration of the point at Point P?

= Horizontal Speed Vertical Speed Acceleration
£ A) — Vo coS 6 =3 0 _>g
B 0 —> 0 —5g

C) —> Vo cos 6 Vo Sin 0 ~2 g

D) 0 Vo cos 6 > 9

E) —>; Vo €os 6 ——> 0 0

16. Which of the following correctly describes the horizontal and vertical speeds and the
acceleration of the point at Point Q?

Horizontal Speed Vertical Speed Acceleration
A) Vo €0s 6 0 —> g
0 0 —>9
( © —>Vo €0s 6 ——vp 8in O —> g
D 0 Vo cos 0 —> g

E) Vo cos 6 0 0



Qv

17. A bullet shot horizontally from a gun. At the same instant, another bullet is simply

dropped from the same height. Neglecting air resistance, the bullet shot from the
gun

A) strikes the ground much later than the dropped bullet.
_B) never strikes the ground.
( ?}Trikes the ground af the same time as the dropped bullet
D) travels in a straight line.
E) strikes the ground much sooner than the dropped bullet,

18. If 0 is the angle with respect to the +x-axis, the y-component of the vector A is given
by

A) A cos 0 B) pA cos B /(C) sin© D) mg- Asin6 E) tano
\

19. Given the diagram to the right, what is the x-component of the v

vec’ror'/,v
\k@/ sin o,
BY Veosaa. e e

C) Vtana
D) Vsinla

2 2
E) V. Y,
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Name /qAS S Essex ngh School
Physics 200 (Stapleton)

Chapter 3 Practice Test — Kinematics in 2D
ancepts (about 30-40% of points)
1. Suppose a projectile is launched at some non-vertical angle in the absence of air resistance. The
projectile remains in freefall for several seconds before hitting the ground

a. Choose any non-vertical launch angle and
sketch the flight path of the projectile.

b. Describe what happens to the pro;ectlle _%
Vx over time and explain why. Consh

/ -
ccele ; Ve 4
ﬁ/oa— XJ Mensfz\oﬂ

c. Describe what happens to the projectile’s -
( Vy bver time and explain why. P
Losy Gy B cach sgorgly =30 . g
g becanse ‘pﬁﬂ; 47 'S M'/'N'" o~ '/4 ,&’DJ&@ €
25 Can a projectile’s Y velocity affect theprojectile’s X displacement? Why or why not?
){25 /4 j"reaér )/ vf /oc 1\7!7 b r'//@)rjc"d "fge' s/ ispahd
. X \ . S / ’ o)A
Frrn e /O ﬁ/'/"‘ € 'Mc"7lm/e,
3. The velocity of an ob;ect moving in 2 dimensions has been resolved into two velocity components
Vx=5m/s and Vy = -5m/s.
Vi 2545

xXJ95°
¥ Ve

a. Describe the object’s direction of travel.

b. Suppose the addition of a -5m/s air current in the y dimension doubles Vy to Vy = -10m/s. How
does that change the object’s speed?

£V¢A, AS-Q/’ T*

c. How does this this air current (from part b) affect the object’s X velocity?

/% e%u%

4, Which of the following determine(s) the amount of time it takes for a boat to cross trunsin
the positive X direction?
a. Theriver’s current 2 % )
b. The boat’s’Y velocity Component / 14, \ > .
c. The boat’s X Velocity Component | }: -—-—:—%__J(_
d. All of these e 4 Ul ;
e. None of these
5. The figure on the right shows three vectors. Two of the vectors are

component vectors that add up to the resultant vector. Which vector is
the resultant vector? How can you tell?

92 s



Problems (about 60-70% Of pts)

1. A motorboat with a water speed of'__l_ﬁ n‘i/ﬁ"anti a Northward
heading encounters @ 3m/s westward carrent.

a.

¥6°

7 e

C.

2:

w-f ‘

What is the resultant velocity (not just speed) of the
motorboat?

Jo,d /Oq‘/“/j

ow long does it take the boat to travel to point that is

50m further north?
= 4
HAANINC D

In the time that the boat has traveled 50m northward,
how far has it traveled to the west? (6 pts) )
A=t = 3fp(55)€5m)

A paddler wants to paddle in an eastward path across a river, ending up at a point directly across the
river. The river is 100m wide, and it flows Northward with a current of 1.5m/s. In still water, the
paddler’s speed is 3m/s.

5”5 ‘} a. What compass headmg should the paddler follow? j& 5,9 7[4/
[

3.

of
ﬁﬂ,/ p traveling when it launches from the.cliff?

5"f 5\-'
4,

g

b. Give the paddler’s resultant velocity in terms of two component vectors, Vyonn and Veag.

Viorth = 0% Veast.= 2.ré é'""/-s

A car drives horizontally off of a cliff. The cliff is 50m above the ocean below and the stunt driver
wants the car to travel 60m, horizontally, before hitting the water. How fast should the car be

(/8. 75~/s

A projectile is launched from ground level with a speed of 28m/s and a release angle of 72°. The
projectile remains aloft until it returns to ground level.

a. How long does the proj remain aloft?

b. What is the projectile’s maximum height?

3. _

c. How far, horizontal|y| .Hi |Ie projectile travel? T

d. What is the projectile’s minimum speed during the flight (after release and before impact)?

265/t
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