


Δx = xf − x0,

Δx xf x0

Δ Δx
x0 xf



x +2.0 m

x −4.0-m

x0 = 1.5 m
xf = 3.5 m

Δx = xf −x0 = 3.5 m − 1.5 m = + 2.0 m.

x0 = 6.0 m xf = 2.0 m

Δx = xf −x0 = 2.0 m − 6.0 m = −4.0 m.

x



Δx = xf − x0 = −1 km

3 km + 2 km = 5 km
1 km



x

( + ) ( − )

20ºC

−20ºC

( + ) ( − )



Δt
Δt = tf − t0,

Δt tf t0
Δ

t0
t0 = 0 Δt = tf ≡ t

(t0 = 0)
t (Δt = tf ≡ t)



v- = Δx
Δt = xf − x0

tf − t0
,

v- v Δx xf
x0 tf t0 t0

v- = Δx
t .

v- = Δx
t = −4 m

5 s = − 0.8 m/s.

v

v t







xf = x0

distance
time = 80 miles

105 minutes
80 miles

105 minutes×5280 feet
1 mile × 1 meter

3.28 feet× 1 minute
60 seconds = 20 m/s

a- = Δv
Δt = vf − v0

tf − t0
,

a- v t a

m/s2

Δv







Δv Δt

a- = Δv
Δt = vf − v0

tf − t0

v0 = 0 vf = −15.0 m/s Δt = 1.80 s

− 15.0 m/s
Δv = vf = −15.0 m/s

Δv Δt a-

a- = Δv
Δt = −15.0 m/s

1.80 s = −8.33 m/s2.

8.33 m/s2

8.33 m/s2

a



1.8 m/s2

+3.0 m/s2

–2.0 m/s2

x −
x0 xf Δx x′0 x′f

Δx′ −1.5 km



Δx = xf − x0

xf = 6.70 km x0 = 4.70 km x′f = 3.75 km
x′0 = 5.25 km

Δx = xf − x0 = 6.70 km − 4.70 km= +2.00 km

Δx′ = x′f − x′0 = 3.75 km − 5.25 km = − 1.50 km

−1.5 km.



v0 = 0 vf = 30.0 km/h Δt = 20.0 s

Δv Δv= +30.0 km/h

a-

a- = Δv
Δt = +30.0 km/h

20.0 s

a- = ⎛
⎝+30 km/h

20.0 s
⎞
⎠
⎛
⎝103 m

1 km
⎞
⎠⎛⎝ 1 h

3600 s
⎞
⎠ = 0.417 m/s2

v0 = 30.0 km/h vf = 0 km/h Δt = 8.00 s

Δv

Δv = vf − v0 = 0 − 30.0 km/h = −30.0 km/h

Δv Δt a-

a- = Δv
Δt = −30.0 km/h

8.00 s

a- = Δv
Δt = ⎛

⎝−30.0 km/h
8.00 s

⎞
⎠
⎛
⎝103 m

1 km
⎞
⎠⎛⎝ 1 h

3600 s
⎞
⎠ = −1.04 m/s2.





x′f = 3.75 km x′0 = 5.25 km Δt = 5.00 min

Δx′ Δx′ − 1.5 km

v- = Δx′
Δt = −1.50 km

5.00 min

v- = Δx′
Δt = ⎛

⎝−1.50 km
5.00 min

⎞
⎠
⎛
⎝60 min

1 h
⎞
⎠ = −18.0 km/h

v0 = −20 km/h vf = 0 km/h Δt = 10.0 s

Δv

Δv = vf − v0 = 0 − (−20 km/h)=+20 km/h.

a-

a- = Δv
Δt = +20.0 km/h

10.0 s



a- = ⎛
⎝+20.0 km/h

10.0 s
⎞
⎠
⎛
⎝103 m

1 km
⎞
⎠⎛⎝ 1 h

3600 s
⎞
⎠= +0.556 m/s2

v a

Δt = tf − t0 t0 = 0 Δt = tf
x0



v0 t x
v Δt = t

Δx = x − x0
Δv = v − v0

Δt = t
Δx = x − x0
Δv = v − v0

⎫
⎭
⎬

a- = a = constant,
a

Δx x a

v- = Δx
Δt .

Δx Δt

v- = x − x0
t .

x

x = x0 + v- t,

v- = v0 + v
2 (constant a).

v- = v0 + v
2 v

v- = v0 + v
2

v- = v0 + v
2 = 30 km/h + 60 km/h

2 = 45 km/h,



x

x = x0 + v- t.

x x0 v- t

v- = 4.00 m/s Δt = 2.00 min x0 = 0 m

x = x0 + v- t = 0 + (4.00 m/s)(120 s) = 480 m

x = x0 + v- t

v- v- v- 2

t

a = Δv
Δt

Δv Δt



a = v − v0
t (constant a).

v

v = v0 + at (constant a).

1.50 m/s2

v0 = 70.0 m/s a = −1.50 m/s2 t = 40.0 s

vf

v = v0 + at

v = v0 + at = 70.0 m/s + ⎛
⎝−1.50 m/s2⎞⎠(40.0 s) = 10.0 m/s

v = v0 + at

(v = v0)
a



a ≠ 0

v = v0 + at.

v0

v0 + v
2 = v0 + 1

2at.

v0 + v
2 = v-

v- = v0 + 1
2at.

v- x = x0 + v- t

x = x0 + v0t + 1
2at2 (constant a).

26.0 m/s2



x x0

x = x0 + v0t + 1
2at2

v0 a t

v0 = 0 a 26.0 m/s2 t

x

x = x0 + v0t + 1
2at2.

x = 1
2at2.

a t

x = 1
2
⎛
⎝26.0 m/s2⎞⎠(5.56 s)2 ,

x = 402 m.

x = x0 + v0t + 1
2at2?



v0 = v- x = x0 + v0t + 1
2at2

x = x0 + v0t

a ≠ 0

v = v0 + at t

t = v − v0
a .

v- = v0 + v
2 x = x0 + v- t

v2 = v0
2 + 2a(x − x0) (constanta).

v2 = v0
2 + 2a(x − x0)

v0 = 0
x − x0 = 402 m

a = 26.0 m/s2

v2 = v0
2 + 2a(x − x0) v.

v2 = 0 + 2⎛
⎝26.0 m/s2⎞⎠(402 m).

v2 = 2.09×104 m2 /s2.
v

v = 2.09×104 m2 /s2 = 145 m/s.

v2 = v0
2 + 2a(x − x0)



a
x = x0 + v- t

v- = v0 + v
2

v = v0 + at

x = x0 + v0t + 1
2at2

v2 = v0
2 + 2a(x − x0)

7.00 m/s2

5.00 m/s2

v0 = 30.0 m/s v = 0 a = −7.00 m/s2 a
x0 Δx

x − x0

v2 = v0
2 + 2a(x − x0).

x
x t

x



x − x0 = v2 − v0
2

2a

x − 0 = 02 − (30.0 m/s)2

2⎛
⎝−7.00 m/s2⎞⎠

x = 64.3 m on dry concrete.

– 5.00 m/s2

xwet = 90.0 m on wet concrete.

v- = 30.0 m/s treaction = 0.500 s areaction = 0
x0 − reaction xreaction

x = x0 + v- t x

x = 0 + (30.0 m/s)(0.500 s) = 15.0 m.

xbraking + xreaction = xtotal



2.00 m/s2

t
t

v0 = 10 m/s a = 2.00 m/s2 x = 200 m

t x = x0 + v0t + 1
2at2

t
t

200 m = 0 m + (10.0 m/s)t + 1
2
⎛
⎝2.00 m/s2⎞⎠ t2

t = t s t

200 = 10t + t2.
t

t2 + 10t − 200 = 0

at2 + bt + c = 0,

a = 1.00, b = 10.0, and c = −200

t = −b ± b2 − 4ac
2a .

t

t = 10.0 and−20.0.
t = t

t = 10.0 s and − 20.0 s.



t = 10.0 s.

a- = Δv / Δt

20 m/s2

t a v0 v

v = v0 + at

t

t = v − v
a = 400 m/s − 0 m/s

20 m/s2 = 20 s



0.40 m/s2

v = v0 + at = 0 + ⎛
⎝0.40 m/s2⎞⎠(100 s) = 40 m/s.



⎛
⎝40 m

s
⎞
⎠
⎛
⎝3.28 ft

m
⎞
⎠
⎛
⎝ 1 mi
5280 ft

⎞
⎠
⎛
⎝60 s
min

⎞
⎠
⎛
⎝60 min

1 h
⎞
⎠ = 89 mph

0.40 m/s2

0.40 m/s2

1.67 m/s2

g

g = 9.80 m/s2.

g 9.78 m/s2 9.83 m/s2

9.80 m/s2

a +g −g

a = −g = −9.80 m/s2

a = g = 9.80 m/s2



g y
x

v = v0 - gt

y = y0 + v0t - 1
2gt2

v2 = v0
2 - 2g(y − y0)

y y0

a

y1 v1 y2 v2
y3 v3

y1

y0 = 0 v0 = 13.0 m/s a = −g = −9.80 m/s2 t = 1.00 s

y = y0 + v0t + 1
2at2 y y1

y1

y = 0 + (13.0 m/s)(1.00 s) + 1
2
⎛
⎝−9.80 m/s2⎞⎠(1.00 s)2 = 8.10 m

t = 1.00 y1 > y0
v1

v1

y0 = 0 v0 = 13.0 m/s a = −g = −9.80 m/s2 t = 1.00 s



y1 = 8.10 m

v = v0 − gt v = v0 + at
a = gravitational acceleration = −g

v1 = v0 − gt = 13.0 m/s − ⎛
⎝9.80 m/s2⎞⎠(1.00 s) = 3.20 m/s

v1 t = 1.00 s

t = 2.00 s 3.00 s

1.00 s 8.10 m 3.20 m/s −9.80 m/s2

2.00 s 6.40 m −6.60 m/s −9.80 m/s2

3.00 s −5.10 m −16.4 m/s −9.80 m/s2



y1
v1

y3 v3

−9.80 m/s2 −9.80 m/s2

y



y0 = 0

y0 = 0 y1 = − 5.10 m v0 = −13.0 m/s a = −g = −9.80 m/s2

v2 = v0
2 + 2a(y − y0)

v y1 y

v2 = (−13.0 m/s)2 + 2⎛
⎝−9.80 m/s2⎞⎠(−5.10 m − 0 m) = 268.96 m2 /s2,

v = ±16.4 m/s.

v = −16.4 m/s.

±3.20 m/s



13.0 m/s
y = 0 −13.0 m/s

y = −5.10 m
+13.0 m/s −13.0 m/s

y = 0





a

y0 = 0 y = –1.0000 m t = 0.45173 v0 = 0

a

y = y0 + v0t + 1
2at2

v0 a v0

y = y0 + 1
2at2.

a

a = 2(y − y0)
t2 .

a = 2( − 1.0000 m – 0)
(0.45173 s)2 = −9.8010 m/s2 ,

a = −g

g = 9.8010 m/s2.

a
9.80 m/s2 9.8010 m/s2

g 9.80 m/s2

y0 = 0 y = −30.0 m a = −g = −9.80 m/s2

y = y0 + v0t + 1
2at2 t a = −g

y = 0 + 0 − 1
2gt2

t2 = 2y
−g

t = ± 2y
−g = ± 2( − 30.0 m)

−9.80 m/s2 = ± 6.12 s2 = 2.47 s ≈ 2.5 s



y = bx

x y

y = mx + b.

m b

y = mx + b

x t



v- x0 y = mx + b

x = v- t + x0

x = x0 + v- t.

x t v

slope = Δx
Δt = v

x t

slope = Δx
Δt = v- .

x t (Δ)

v- = Δx
Δt = 2000 m − 525 m

6.4 s − 0.50 s ,



v- = 250 m/s.

a a ≠ 0



x t

v t
5.0 m/s2



x t

x t

t = 25 s

t = 25 s

v

slope = vQ =
ΔxQ
ΔtQ

= (3120 m − 1300 m)
(32 s − 19 s)

vQ = 1820 m
13 s = 140 m/s.



v t = 25 s vQ
v t

v t Δv Δt

v t a

slope = Δv
Δt = a

y = mx + b

y V b v0 m a x t

v = v0 + at.

5.0 m/s2

x t t = 55 s



v t

t = 25 s

a

slope = Δv
Δt = (260 m/s − 210 m/s)

(51 s − 1.0 s)



a = 50 m/s
50 s = 1.0 m/s2.

a t = 25 s

y



x

y x

y- x y

Δx

Δx = xf − x0,
x0 xf Δ

Δt = tf − t0,
tf t0

t
v-

v- = Δx
Δt = xf − x0

tf − t0
.

v



a-

a- = Δv
Δt = vf − v0

tf − t0
.

m/s2

a

a- = a

Δt = t
Δx = x − x0
Δv = v − v0

⎫
⎭
⎬

a

x = x0 + v- t

v- = v0 + v
2

v = v0 + at

x = x0 + v0t + 1
2at2

v2 = v0
2 + 2a(x − x0)

y x

g

g = 9.80 m/s2.
+g −g

a = −g = −9.80 m/s2

a = +g = 9.80 m/s2

+g −g a



x t v
v t a

50 μm/s ⎛
⎝50×10−6 m/s⎞⎠

− 10 m / s

−5ºC



g

ta tb tc td te

ta tb tc



ta tb tc





3.84×106 m

25.0º

(3.00×108 m/s)

1.06×10−10 m

2.20×106 m/s

g (9.80 m/s2)

1.40 m/s2



m/s2 g (9.80 m/s2)?

4.50 m/s2

2.10×104 m/s2

(1 ms = 10−3 s)

6.20×105 m/s2

8.10×10−4 s

1.35 m/s2

1.65 m/s2

m/s2

2.40 m/s2

2.00 m/s2

3.33×10−2 s

0.0500 m/s2

0.550 m/s2

0.350 m/s2

m/s2

g ⎛
⎝g = 9.80 m/s2⎞⎠

g

0.150 m/s2



0.500 m/s2

y0 = 0



(8.00×10−5 s)

(3.50×10−3 s)

t = 20 s

5.0 m/s2

t = 10.0 s

t = 30.0 s



3.2 m/s2 t = 10 s t = 2.5 s



v(t)

t = 5 s


