Constant Acceleration
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When 1s a constant?

1. Freely Falling object:
la| =g =9.80 m s>

2. It is known/assumed/approximated
to be constant.

Provides us w/ simple
expression fo x(t), v(t)



— "8 accelerating to stop

| in 2.0 sec when

= initially traveling at
140 mph (63 m/sec)?

Which diagram would you find most
helpful for solving this?

A. Position vs. t
B. Velocity vs. t
C. Acceleration vs. t
D. Stroboscopic



How fast 1s a jet
v,=63 m/s vi=0

___________ accelerating to stop
N K 1n 2 O sec Wh en

>
| |

=0 X =7 initially traveling at
t=0 t=2s 140 mph (63 m/sec)?

Which diagram would you find most
helpful for solving this?

A. Position vs. t
B. Velocity vs. t
C. Acceleration vs. t

M’?




How fast is a jet

Yf=63 m/s V=0 accelerating to stop
N N\ '~ in 2.0 sec when
Xi|=0 xf|=? initially traveling at
t=0 t=2s 140 mph (63 m/sec)?

Which diagram would you find most

helpful for solving this?  va(m/s)
A. Position vs. t 60
[B. Velocity vs. t_] 40 —

C. Acceleration vs. t
D. Stroboscopic

20 —




How fast 1s a jet

Yf=63 m/s V=0 accelerating to stop
N N\ '~ in 2.0 sec when
Xi|=0 xf|=? initially traveling at
t=0 t=2s 140 mph (63 m/sec)?

Which diagram would you find most

helpful for solving this?  va(m/s)

A. Position vs. t 60 ¢ a = Av/At
[B. Velocity vs.t Ay = 40+ =-31m s™

C. Acceleration .63 m/s ,q |

D. Stroboscopic Il
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Eliminate v,

—Vo‘l'af]

Vol -+ %atzJ

2a(x — Xxp)
= %(Vo + V)t

vt — sat? ]




Equations for Motion with Constant Acceleration?

Equation Missing
Number Equation Quantity
2-11 v = v, t+ at X — X
2-15 X — Xy = vt + 2at? V

2-16 v2 = v§ + 2a(x — xp)
2-17 X — Xg = %(Vo + V)t a
2-18 X — Xy = vt — sat? Vo

“Make sure that the acceleration 1s indeed constant before
using the equations in this table.



"~ L initially traveling at
140 mph (63 m/sec)?
Which quantities are given?

A Xf-XO’Vgat

X¢ =X, , V, , @

B
C Vo’vat
D

Vo’vaa




How fast 1s a jet

accelerating tols
e :\\ 1n[ 20 sec]w “n

|=O xf mﬁuall traveling at
-0 t=2s (140 mphl(63 m/sec)?

Which quantltlesﬁl/e giyen?
A [ Xe=Xg, ¥ o 1

B xf-x/\%/a
° mm

D vy, V¢, a




How fast is a jet

Y_i=63 m/s V=0 accelerating to stop
N N » in 2.0 sec when
Xi|=0 xf|=? initially traveling at
t=0 t=2s 140 mph (63 m/sec)?
Which Equation would you use?
A vV =1y, T+ at

B x — xo = vyt + ar’
C v2 =v3+ 2a(x — xp)
_ 1
D x_xO—E(VO‘FV)t
E x—x0=vt—;ar2



How high will a ball go if it is thrown straight
upward at 15 m/s?

Which quantities are given?
A [ Xc= X5, Vg, t

X¢- Xy, Vg, @

B
C v,, V¢, t
D

Vo, Vi, d




How high will a ball go if it is thrown straight
upward at 15 m/s?

Which quantities are given?
A | Xe- X, , Vg, 1 —Of:%
B |X:-X,,V,, a
|-
C Vg, Vg, t
T v,=15 m/s
D VO! Vf! d s %o =0




How high will a ball go if it is thrown straight
upward at 15 m/s?

A

Which Equation would you use?

A v =1vy t+ at —oli%
B X — xy = vt + sat’
C v:=v§+ 2a(x — x;) l a=-g
— 1
D+ =X = 2(V0 + V)t T v,=15 m/s
E X — xU = VI — ;arZ Xo =0




68. At NASA’sJohn H. Glenn research center in Cleveland,
Ohio, free-fall research is performed by dropping experiment
packages from the top of an evacuated shaft 145 m high. Free fall
imitates the so-called microgravity environment of a satellite in
orbit. (a) What is the maximum time interval for free fall if an
experiment package were to fall the entire 145 m?

Which quantities are given?

AlXe=X,, Vo, T | C vy, Ve, t

B |X;-X,,V,,a D V,, Vs, 8




68. At NASA’s John H. Glenn research center in Cleveland,
Ohio, free-fall research is performed by dropping|experiment
packages from the top of an evacuated ghaft{ 145 m high| Free fall
imitates the so-called microgravity enyiropment of a satellite in
orbit. (a) What is the maximum time interval for free fall if an
experiment package were to fall the eritire 145 m?

Which guantities are given?

A xf xﬁo,/ C vy, Vg, t




68. At NASA’sJohn H. Glenn research center in Cleveland,
Ohio, free-fall research is performed by dropping experiment
packages from the top of an evacuated shaft 145 m high. Free fall
imitates the so-called microgravity environment of a satellite in
orbit. (a) What is the maximum time interval for free fall if an
experiment package were to fall the entire 145 m?

Which Equation would you use?
A v =v,+ at

B x — xy = vt + sat?
N v:i=vi+ dalxy — x.)

2(x, —x 2(—-14
N Gt D 5m_)2:5.44s
a —-0.80ms

X




68. At NASA’s John H. Glenn research center in Cleveland,
Ohio, free-fall research is performed by dropping experiment
packages from the top of an evacuated shaft 145 m high. Free fall
imitates the so-called microgravity environment of a satellite in
orbit. (a) What is the maximum time interval for free fall if an
experiment package were to fall the entire 145 m? (b) Actual
NASA specifications allow for a 5.18-s drop time interval. How far
do the packages drop and

Which quantities are given?

AlXe-X,, Ve, t | Clv,, Ve, a
B Xi-X,, V-8 Dlv,, a,t




68. At NASA’s John H. Glenn research center in Cleveland,
Ohio, free-fall research is performed by dropping experiment
packages from the top of an evacuated shaft 145 m high. Free fall
imitates the so-called microgravity environment of a satellite in
orbit. (a) What is the maximum time interval for free fall if an
experiment package were to fall the entire 145 m? (b) Actual
NASA specifications allow for a 5.18-s drop time interval. How far
do the packages drop and

Which quantities are given?

AlXe-X,, Ve, t | Clv,, Ve, a
B Xt-Xy,, V5,8 | Dlv,, a,t




68. At NASA’s John H. Glenn research center in Cleveland,
Ohio, free-fall research is performed by dropping experiment
packages from the top of an evacuated shaft 145 m high. Free fall
imitates the so-called microgravity environment of a satellite in
orbit. (a) What is the maximum time interval for free fall if an
experiment package were to fall the entire 145 m? (b) Actual
NASA specifications allow for a 5.18-s drop time interval. How far
do the packages drop and

Which Equation would you use*
A v =v,+ at

B x — xy = vt + sat?
C v?=v§+ 2a(x — x)
D x — X =3(vo + V)t
E x—x():vt—%atz




68. At NASA’s John H. Glenn research center in Cleveland,
Ohio, free-fall research is performed by dropping experiment
packages from the top of an evacuated shaft 145 m high. Free fall
imitates the so-called microgravity environment of a satellite in
orbit. (a) What is the maximum time interval for free fall if an
experiment package were to fall the entire 145 m? (b) Actual
NASA specifications allow for a 5.18-s drop time interval. How far
do the packages drop and

Which Equation would you use*

v.=0

A V =V + at o 9

— - X, =145
B x — xq = v + zat
N v:= w24+ 2y — x.) l a=-g
X =145 m+0(5.18s)-0.5x9.8ms?(5.18 s)? «=135m

U <V -/\rU Z\VU I V}lr O f .

t=5.18s

E x—x():vt—%atz




68. At NASA’sJohn H. Glenn research center in Cleveland,
Ohio, free-fall research is performed by dropping experiment
packages from the top of an evacuated shaft 145 m high. Free fall
imitates the so-called microgravity environment of a satellite in
orbit. (a) What is the maximum time interval for free fall if an
experiment package were to fall the entire 145 m? (b) Actual
NASA specifications allow for a 5.18-s drop time interval. How far
do the packages drop and (c) what is their speed at 5.18 s? (d)

A v =, + at O 2145
B x — xy = vt + sat? A=
C v?=v§+ 2a(x — x) l
_ 1
D X — X =5+ v) X=13.5m

E x — X, = vt — saf’ t=5.18s




68. At NASA’sJohn H. Glenn research center in Cleveland,
Ohio, free-fall research is performed by dropping experiment
packages from the top of an evacuated shaft 145 m high. Free fall
imitates the so-called microgravity environment of a satellite in
orbit. (a) What is the maximum time interval for free fall if an
experiment package were to fall the entire 145 m? (b) Actual
NASA specifications allow for a 5.18-s drop time interval. How far
do the packages drop and (c) what is their speed at 5.18 s? (d)

A v =, + at O 2145

W o

C v?=v§+ 2a(x — x) lv-508m/s
1 o

D X — X =5+ v) X=13.5m

E x — X, = vt — sat? t=5.18s




68. At NASA’s John H. Glenn research center in Cleveland,
Ohio, free-fall research is performed by dropping experiment
packages from the top of an evacuated shaft 145 m high. Free fall
imitates the so-called microgravity environment of a satellite in
orbit. (a) What is the maximum time interval for free fall if an
experiment package were to fall the entire 145 m? (b) Actual
NASA specifications allow for a 5.18-s drop time interval. How far
do the packages drop and (c) what is their speed at 5.18 s? (d)
What constant acceleration would be required to stop an
experiment package in the distance remaining in the shaft after its

5.18-s fall? \Whjch Equation would you use?

A v =1y, + at
B x—xQZVQz‘Jr%atz

[—C v:= v+ 2a(x — x) ] v,=-50.8 m/s
D X — X0 =3(v + V)t . %=13.5m
E x — Xy = vt — zaf’ ?O V=0, x.=0




63. A motorist drives along a straight road at a constant speed
of 15.0 m/s. Just as she passes a parked motorcycle police officer,
the officer starts to accelerate at 2.00 m/s? to overtake her.
Assuming the officer maintains this acceleration, (a) determine the
time it takes the police officer to reach the motorist.

Which diagram would you find most
helpful for solving this?

A. Position vs. t
B. Velocity vs. t
C. Acceleration vs. t
D. Stroboscopic



63. A[motorist ]ilrives along a straight road at a constant speed
of 15.0 m/s. Just as'she passes a parked motorcycle police ofﬁcer]
the officer starts to accelerate at 2.00 m/s?tg overtake her.
Assuming the officer maintains this acceleration, (a) determine the
time it takes the police officer to reach the motorist.

Which diagram would yau find most
helpful for solving this?

4 (m/s)
A. Position vs. t 20 —
B. Velocity vs. t | ?
C. Accelerationvs.t 10~ .
D. Stroboscopic - ?
| | | | t(;)



63. A[motorist ]ilrives along a straight road at a constant speed
of 15.0 m/s. Just as'she passes a parked motorcycle police ofﬁcer]
the officer starts to accelerate at 2.00 m/s?tg overtake her.
Assuming the officer maintains this acceleration, (a) determine the
time it takes the police officer to reach the motorist.

Which diagramw  x ¢
helpful for solving¢ 300 -

'A. Position vs. t| 200 -
B. Velocity vs. t - \
C. Acceleration v 100 - meet

D. Stroboscopic -

| | | >
5 10 15 20 (8



63. A[motorist ]ilrives along a straight road at a constant speed
of 15.0 m/s. Just as'she passes a parked motorcycle police ofﬁcer]
the officer starts to accelerate at 2.00 m/s?tg overtake her.
Assuming the officer maintains this acceleration, (a) determine the
time it takes the police officer to reach the motorist.

X — xo = vyt + 3at?
X=0+vt+0

|
x;=0+ 0 +at? 2 \

100 — meet
vt =at?/ 2 _

t=2vC/ap=155 e 10 15 20

X, (

"t (s)



Equations for constant a

Missing

Equation Quantity

V=1V, T at X — Xy
[ x — xy = vyt + 2at?® | v
v2 = v+ 2a(x — x;) t
x — xo = 3(vy + V)t a
X — Xy = vt — sat? Vo

* Choose eq. containing the unkown and

things you know
* Solve for the unknown



Equations for constant a

Equation

Vv =1y, t+ at

X — Xy = vt + 3ar?
v2 = v§ + 2a(x — x;)

x — xo=3(vo + V)t

] | | | | >
X — Xy = vt — sat? \t

* Choose eq. containing the unkown and
things you know
» Solve for the unknown



Dana bounces a super-ball off the classroom floor so
hard that it hits the ceiling, 3.0 m overhead. The ball
leaves the floor going straight upward at 20 m/s. How
much time before it hits the ceiling?

_ 1.2
X, —Xx, =V 1t+-at

f

Which is the quadratic eq. you must solve?

A 4.9t +20t+3=0
B —4.97+20t-3=0 |
c —4.9t"-20t+3=0
D —4.9t*+20t+3=0




Dana bounces a super-ball off the classroom floor so
hard that it hits the ceiling, 3.0 m overhead. The ball
leaves the floor going straight upward at 20 m/s. How
much time before it hits the ceiling?

- —bx \/b2 —4ac
2a

[

B —4.9¢*+20t-3=0 |




Dana bounces a super-ball off the classroom floor so
hard that it hits the ceiling, 3.0 m overhead. The ball
leaves the floor going straight upward at 20 m/s. How
much time before it hits the ceiling?

- —bt \/b2 —4ak
2a

a b ¢

B 4.9/ +20r53=0 |

[

| 20++/(20)> —4(—4.9)E3) —20+18.5
- 2(—4.9) 98

[



Dana bounces a super-ball off the classroom floor so
hard that it hits the ceiling, 3.0 m overhead. The ball
leaves the floor going straight upward at 20 m/s. How
much time before it hits the ceiling?

"l [tl :O.15s]

. /\ t,=39s

- 220++/(20)> —4(—4.9)(-3) —20%18.5
- 2(—4.9) 98

[



What property of
vi=63 m/s vi=0 the v vs. t curve

...‘...A_.__...,__.._.u..._.__,..,..m_ o willtellme x?

>
| |

A vy intercept

Xi_=0 )ﬁz? B slope
t=0 =2s C X intercept
The area under the curve: D area

v (m/s) E color
A=12hw

=1/2(63m/s) (2
=63 m

Ax = J';f viydt 2 ™




