Kinematics: 1-D Problem Solving

Monday, January 22, 2018 5:44 PM

1-D Kinematics
Foundation Stage (K1.2)

lecture 2
1-D Kinematics problem solving
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Warm up

Description: Draw a physical representation for a 1-D kinematic problem.

Learning Objectives: [?] - Can you identify the objectives from the previous lecture, and this lecture, that this question is relevant to?

Problem Statement: A@Es traveling upwards at a constant speed of 5.00 m/s. When the helicopter is 15.0 m above the level
ground, and still moving upwards, a person releases a ball outside the window of the helicopter. Draw a physical representat ion for
the ball if you were trying to find the total time of flight of the ball after it was released.
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Selected Learning Objectives

1. Identify that the motion all occurs along a line and can be treated with a 1-dimensional analysis.

Define free-fall and identify when a free-fall analysis is appropriate.

3. Denote that objects speeding up have an acceleration that points in the same direction as their velocity, while those slowing
down have an acceleration that points in the opposite direction of their velocity.

4. Translate a descriptive representation to an appropriate physical representation that includes a displacement vector, initial and
final velocity vectors, an acceleration vector, and a coordinate system.

5. Draw an appropriate physical representation for a system that includes multiple stages or objects by including vector

representations for each.

Identify known and unknown quantities for each stage or object.

Translate from the mathematical, physical, or descriptive representation to the graphical representation.

Translate to the mathematical representation with the help of the descriptive, physical, and graphical representations.

Identify the appropriate kinematic equation for constant acceleration to use when analyzing the problem.

10. Use one of the kinematic equations to find the value of an unknown, then use that value and another kinematic equation to sol ve

for desired unknown.

11. Solve simultaneous equations when there are two or more equations with the same two unknowns.

12. Solve problems that involve multiple objects or multiple stages.

13. Apply any connections between stages or objects when appropriate, e.g. the geometric connection between two runners when

they do not start at the same location.

14. Apply sign sense-making procedures to check their solutions.

15. Apply order of magnitude sense-making procedures to check their solutions.

16. Apply dimensional analysis sense-making procedures to check their solutions.
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Key Terms

Free-fall

Multi-stage problem
Connections
Trajectory
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Key Equations

Change in x-component ¥-component
of position of acceleration
Initial x-component
of velocity

AX = Vi At + Sa, At?

Change in time

In words: The change in the x-component of position
is equal to the initial x-compoent of velocity multiplied
by the change in time plus one-half of the x-component
of acceleration multiplied by the change in time squared.
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Final x-component x-component
of velocity of acceleration

Initial x-component
of velocity Change in time

Ve, = Vi + a, At

In words: The final x-compoent of velocity is equal to
the initial x-compoent of velocity plus the x-component
of acceleration multiplied by the change in time.

Final x-component x-component
of velocity of acceleration
Initial x-component Change in x-component
of velocity of position

| /

Vi = V3 + 2 a,AX

In words: The final x-compoent of velocity squared is
equal to the initial x-compoent of velocity squared plus
two times the x-component of acceleration multiplied by
the change in the x-component of position.

Key Concepts

Choosing a non-standard coordinate system can simplify any algebra involved in solving kinematic problems.

o Free-fall is defined as an object that only moves along the vertical direction and has an acceleration equal to the acceleration d ue
to gravity.

o Kinematic problems require two "snap-shots" in time, one at the initial position and one at the final position. However,
sometimes there are multiple stages which involved choosing more than 1 set of initial and final positions.

o When there are multiple stages, or multiple objects, there will be some quantity(s) that connect the stages, or object, toget her.

Act I: 1-D Kinematics
Questions
Description: Definition of acceleration for projectile-motion. (2 minutes)

Learning Objectives: [6]

Problem Statement: A ball is kicked into the air. What is the acceleration of the ball during its flight through the air?

-9.80 m/s? ~ -
2))9.80 m/s? § 9 ,\ P 19[-4.9 hg 2
€y [——-1)( o - -
gy f——a : Y a:4 -
Unable to determine - I J j’ <°0ﬂ053.$?
K /
J

Description: Identify important quantities at the max height for free-fall problems. (2 minutes)
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Learning Objectives: [1, 2, 6]
Problem Statement: A ball is kicked straight upwards in the positive direction. Which of the following statements are true regarding
s LU LR et

the instant the ball reaches its maximum height?

F (2) The velocity of the ball points downwards.
f (3) The acceleration of the ball is zero.

T é The acceleration of the ball is -g.

 (5) The acceleration of the ball is g.

T @ The velocity of the ball is zero. v )
@ /fm, =0

K1.2-4:

Description: Free-fall problem solving for time. (5 minutes)

Learning Objectives: [1,2, 4,6, 8,9]

Problem Statement: A ball is kicked vertically upwards with an initial velocity of 15 m/s. How long does it take for the ball to come
—_— —2 =

back down to the same level? .
OSE Smarshais 6 2 AS  ANOT
N =
Ji=0 AX Vi Vi @y AL | ax = vyat + Saat?
- K UK
Co N Vi = Vix + axat
Co Cr _gl _ fx ix X
8 A Vix=l5ﬁg A Vi = Vi + 2 a,AX
X 4
~ 6\)(2- —q.’mlsl
'I‘ o
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o
= Vix At + 'iﬂ\xﬁfz
07 \Vxat —’—éjLHL

0= Vix - 1944

K1.2-5:

Description: Free-fall kinematics problem solving for time. ( 6 minutes)

Learning Objectives: [1,2,4,6,8,9, 15]
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Problem Statement: A ball is kicked vertically upwards with an initial velocity of 15 m/s. How long does it take for the ball to come
back down to 2 meters above where it was kicked?

2D

o ) Vi = Vix + aygat

: ‘r O‘:QJ AX— Am U}x

1 ,, \}; = 131‘1

o X S 4+ Vi = Vi + 2 a,AX
- PR - -
V., TI V. © A= 18

[vat | 35

Ground = °

AX= VoAt « L axat’

A= Viy 4+ ~ -‘z-jﬂ{."

' L b £Jb = Yac
“19 M+ N 44X = o) GAdmane [ .
A

N’ W T~
Qa b <

On ThE why pp

K1.2-6:

Description: Given information about position and velocity, determine what is known about the other kinematic quantities. (3
minutes)

Learning Objectives: [3, 4]

Problem Statement: An object moving along a straight line has it's velocity pointing in the opposite direction of its position. Which
one of the following statements concerning the object is necessarily true?

?. (1) The value of the acceleration is negative.
T (2) The direction of the acceleration is in the opposite direction as the displacement.
T (3) The direction of the acceleration is in the opposite direction of the velocity.
T The object is moving towards the origin.
I4

(5) The object is slowing down. N
Y v
—_— (e
Oe—-\r,_ 50
f—t—
-y <0 0 z

K1.2-7:
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Description: Free-fall problem with two object solving for final velocity. (7 minutes + 3 minutes)
Learning Objectives: [1,72;5,6, 8,9, 10,12, 13] —_—
————

Problem Statement: A ball is dropped from a high tower on a distant planet where the acceleration of gravity is unknown. In one
case, it is noticed that it takes 3 seconds to hit the ground, traveling at 88.2 m/s upon impact. In another case, the ball is dropped
from a higher height and it is noticed it takes 6 seconds to hit the ground.

(a) How fast is the ball traveling upon impact in the second case?

) N
J B.vib » (Object A Object B = Vicat + 33,8
} AXa  Viax Viax @ax Ata||AXg  Vigx Visx ax Alg / // 7 /
\_!> : ConnEarion K UK K UK Vi = Vi + aat
e ;
M SN Viax =0 Axq \,;BX: 0 AXy Vi = Vi + 2 a,ax
> (: l \HA)( = SQ). ~y O\X V$F.')X
AFA \ s My=>¢s
=3 s Ox
Ground
VM
v
i Lons
— Quick
1) e 2
Veae = Vax + Oty Vs = Wi » dheslg For tow A ¢ 8 Vpx = U + axdh
- =a
&X - AX 6\’(4"’3 \]FX X /.H'
q}/ax > @NST
\};&X = \ﬂ.x Ah
Atp Vfx L 4+
Vg = (39.;@)% TF A+ — 24+
\!F&X: 9.(8@-&“/5) \lx — 2 Upy,
Vese = (7€ 15
(b) How much further did ball B travel compared to ball A?
(1) 1.41times Look @ AX =/\t6<'40+ +{awzﬁ't
(2) 2times
(3) 3.2 times -
%3times Vixzo For A 8
4 times - L 2
(6) 4.8 times AX = zaxdt
M/ﬁ,\ = QNST
‘-~ - 2
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M/ﬁ/k = @nSY
AX « 4t*

If g4+ 224%
M — fax

AX&T- ({Ml}

K1.2-8:
Description: Free-fall problem with two object comparing final speed. (5 minutes)
Learning Objectives: [1,2,5, 6, 8,12, 13]

Problem Statement: A person standing at the edge of a cliff throws one ball straight up and another ball straight down at the same
initial speed. Neglecting air resistance, which ball hits the ground below the cliff with a greater speed?

—=

(1) The ball that was thrown up. CONN&TI»‘.S
(2) The ball that was thrown down.

~ Via
@)Both hit the ground with the same speed. = > > [H‘ 1y :
aA- = 0\5 = 3 7q ~

2 Aﬁ:AFﬁ a J V e
< \:x A 4 A vy ViB &
Ugx = Vix * adt . 2 fa
g \)iAx = V-Ez)z
Nex ™2 Vo' s Laox AX

M& 3amk ~ " Ground

S0 \gx = Sk

K1.2-9:

Description: Free-fall problem with one object and two stages solving for a distance. (10 minutes)

Learning Objectives: [1,2,5,6, 8,9, 10, 12, 13, ]

Problem Statement: Thor's hammer falls from rest from the top of an unworthy building. Spiderman notices that it takes 0.20 s for

the hammer to pass by his 1.60-m-tall window. Eventually we wish to determine how far above the top of this window is the roof of
the building.
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(a) Thisis a two stage problem, which of the following positions represent the
beginning of the first stage?

(1) Above the top of the building.
(® The top of the building.

(3) The top of the window.

(4) The bottom of the window.
(5) The ground.

X
)y
el

(b) Which of the following positions represent the beginning of the second W =héom
stage?

>
(1) Above the top of the building. Arn.
(2) The top of the building.
@ The top of the window. \}
(4) The bottom of the window. 2
(5) The ground.

(c) Which of the following positions represent the end of the second stage?

(1) Above the top of the building.
(2) The top of the building.

«<>
=
(Y

)

(o3

(3) The top of the window.
The bottom of the window.
(5) The ground.

(d) Which coordinate system will make all the quantities positive in this
problem?

(1) x-axis pointing up.
x-axis pointing down.
(3) Neither option will work.

(e) Thor's hammer falls from rest from the top of an unworthy building. Spiderman notices that it takes 0.20 s for the hammer to pass

by his 1.60-m-tall window. How far above the top of the window is the roof of the building?

VAN VA4

i P ]
T Stage A 01 (Stage B)I®% | ax = vyt + Sa a2
fl‘—: | G AXp  Viax Viax Aax Atal[AXg  Vigx Vsx apx Als v/ /
X K UK K UK | Ve= Vic + acat
- / ’
1IN AX, = 16m W /17
].6!’\ Aﬁ:. a,Ll \}0 =0 AXO( Vi = Vi + 2 a,4X
\T Qg = 9 An =9 \ax
‘ My, A= 02 ¢
CONNECTo nd

Axll = \h)( ZH‘ + d t 2
aa‘: an - 5 2 3 Qi [H\; \)[ ;/V}l_,_

Veax = Uy = Wiy Ml =y (045) + 4(1s %) (o3

\hx-’—' ], 0s M/‘/
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e VIDA < VIX

Qoan) = 2(19ng) 4%

K1.2-10:

Description: Free-fall problem with two objects solving for how the distance between the object changes as a function of time. (1
minute + 2 minutes + 2 minutes + 2 minutes + 2 minutes)

Learning Objectives: [1,2,5,6,8,9,12,13]

Problem Statement: Two balls are released from rest and undergo free-fall. Ball A is released first, followed by ball B after To seconds
later. We've learned that the distance between the two increases through a graphical analysis. Let's use the mathematical
representation to learn more about the nature of how they separate over time.

(a) Given the three kinematic equations, whicq one give you the change in position, as a function of time only?

J v~0—>
@Ax:viXAt-i—%axAtz r '
(2) v = vix + ay At X A a-9 ‘£
(3) V& = v& +2a, Ax U‘f

(b) Using a coordinate system pointing downward, which of the following set of equations is a simplification of the answer to the

previous question? o
Ax = dsdt +5 andr™

(1) AxA=—$gAtf\ ; AxB=—%gAtZB
@AXA=%gAtf\ ; AxB=%gAt2B 4X "34-{'
(3) AXA = VixA AtA —% gAti ; AXB = VixB AtB —% gAtzB

(4) Axp —%gAt2 ; AXBZ—%gAtZ

(c) Which of the following equations connects the elapsed time for ball A to that for ball B?
(1) Ots=Ata Clock 8 Staps  APER  Clock A

(2) Ots=Ata+To So
@ AtA = AtB +To

(d) Using the correct set of Axa and Axg from part (b), which of the following expressions represent Axa - Axg ?
@87 +eTo ot A(AX)“ AXa ~4Xp

P N T} 1 a2 i - X . 2

A'{‘n = Ady+ T,

Review Page 9



@%gT§+gT0AtB A(AX_): AXa ~UXp

L 2 _1 2 - EN 2
(2) 5 g (Atg + To) > 84t =~ zjﬁ—f-ﬂ —_ éﬂ"H'B

(3) —lg(AtA_To)z +18Atf\ — 2
2 2 — 2-3({“#—4'}3‘)

1
4) =3 gTs +8To Aty

= ‘Zlg ( (A+B+'To)“ ﬂ'}sk)

\——
5'3( s+ 2Todtp ”017@;)

1
(5) —5 8T§ +gTo Aty

I

\VaYad N
Drsamt BE
AXA BEFOQE IS!A TWEEA’
B was DRoPD S ey oy g
(e) Given the simplified expression above, how does the distance between the two balls increase? _17\__8’

(1) constant.
@ Iinearly.' To s A ConSTAM —
(3) quadratically.
(4) cubically.

Conceptual questions for discussion

1. Do you agree with the following statement? When solving a kinematic equation quadratic in time, negative time solutions do n ot
make sense because negative time does not exist? Provide an example to support your thought.

2. In problem K1.2-8, and other free-fall problems where an object hits the ground, the final velocity of the object is not zero.
Provide a reason(s) why we don't use a final velocity of zero even though it hits the ground?

Hints
K1.2-1: Hold a pencil in your hand and start with your hand on the floor next to a table. Briskly move your hand upwards at a con stant
speed and release the pencil when your hand is level with the table making sure to keep the same upwards speed. Watch the mo tion
of the pencil. Does it drop vertically downwards, or does it go a little bit above the table before it turns around and move s
downwards?
K1.2-2: No hints.
K1.2-3: No hints.
K1.2-4: If you start and stop at the same location, what is your change in position?
K1.2-5: What is the mathematical definition of average velocity?.

K1.2-6: Sketch a physical representation.

K1.2-7: Fill out the knowns and unknown lists first, then identify which kinematic equation(s) is must useful. What kinematic var iable
connects these two objects (i.e. what quantity is the same for both objects)? To answer quickly, try proportional reasoning.

K1.2-8: Identify which quantities are the same for both object A and object B. Then identify a kinematic equation that is helpful .
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K1.2-9: Identify the connection between the stages.

K1.2-10: No hints.
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