


a2  + b2  = c2



a b c

a2 + b2 = c2 c c = a2 + b2

(9 blocks)2+ (5 blocks)2= 10.3 blocks





D D θ

F
F θ

29.1º



D θ D
D θ

29.1º

D D
θ

29.1º





49.0º
15.0º

A B C

R

R

R R



R 7.0º
R = 50.0 m θ = 7.0º

A + B = B + A.
2 + 3 3 + 2

B A
A – B B –B

B –B



B –B

B A –B A

A – B = A + (–B).

5 – 2 = 5 + (–2)

66.0º 112º 22.0º

A B
A + B
B 180º – 112º = 68º –B

–B B
A + (–B) A – B



A + B
A + (–B)

A –B

R
R

R = 23.0 m θ = 7.5º
A B

R '

R = 52.9 m θ = 90.1º



3 × 27.5 m 66.0º

A c

c A
c
c

c = 3 A = 27.5 m

29.0º

A Ax Ay



A Ax Ay

Ax Ay A A Ax Ay

Ax  + Ay = A.

Ax = 3 m
Ay = 4 m A = 5 m Ax  + Ay = A

3 m + 4 m ≠  5 m

Ax + Ay ≠ A

A A θ Ax Ay

Ax = A cos θ

Ay = A sin θ.

Ax Ay A θ
Ax = A cos θ Ay = A sin θ

A



Ax = A cos θ Ay = A sin θ

A = 10.3 θ = 29.1º
Ax = A cos θ = ⎛

⎝10.3 blocks⎞
⎠
⎛
⎝cos 29.1º⎞⎠ = 9.0 blocks

Ay = A sin θ = ⎛
⎝10.3 blocks⎞⎠⎛⎝sin 29.1º⎞⎠ = 5.0 blocks.

Ax Ay A A
A θ Ax Ay

A = Ax2 + Ay2

θ = tan−1(Ay / Ax).

Ax Ay

A = Ax
2 + Ay

2

Ax Ay A = 92 +52=10.3

θ = tan–1(5/9)=29.1º

Ax = A cos θ Ay = A sin θ

A θ Ax Ay A = Ax
2 + Ay

2 θ = tan–1(Ay / Ax)
Ax Ay A θ



A B
R

A B R
R

A B R
R.

Rx Ry Rx

Ry R θ A = Ax
2 + Ay

2 θ = tan–1(Ay / Ax)

Ax = A cos θ Ay = A sin θ
Ax Ay Bx By A B θA θB

A B Ax
Ay Bx By

Rx = Ax + Bx

Ry = Ay + By.



Ax Bx Rx
Ay By Ry

R

R

R = Rx
2 + Ry

2.

θ = tan−1(Ry / Rx).

A B
A

53.0 m 20.0º B
34.0 m 63.0º

A 53.0 m 20.0 º B 34.0 m
63.0º R

A B



A B
A = 53.0 m θA = 20.0º B = 34.0 m θB = 63.0º Ax = A cos θ

Ax = A cos θA = (53.0 m)(cos 20.0º)
= (53.0 m)(0.940) = 49.8 m

Bx = B cos θB = (34.0 m)(cos 63.0º)
= (34.0 m)(0.454) = 15.4 m.

Ay = A sin θA

Ay = A sin θA = (53.0 m)(sin 20.0º)
= (53.0 m)(0.342) = 18.1 m

By = B sin θB = (34.0 m)(sin 63.0 º )
= (34.0 m)(0.891) = 30.3 m.

Rx = Ax + Bx = 49.8 m + 15.4 m = 65.2 m

Ry = Ay + By = 18.1 m+30.3 m = 48.4 m.

R = Rx
2 + Ry

2 = (65.2)2 + (48.4)2 m

R = 81.2 m.

θ = tan−1(Ry / Rx)=+tan−1(48.4 / 65.2).

θ = tan−1(0.742) = 36.6 º .

R 81.2 m 36.6º



A − B ≡ A + (–B)
–B

B A − B = R
Rx = Ax + ⎛

⎝ – Bx
⎞
⎠

Ry = Ay + ⎛
⎝ – By

⎞
⎠

–B B

s
x y

A
Ax Ay s sx sy

x y

ay = – g = – 9.80 m/s2



ax = 0

a
x = x0 + v- t

v- = v0 + v
2

v = v0 + at

x = x0 + v0t + 1
2at2

v2 = v0
2 + 2a(x − x0).

s s x y
s θ

Ax = A cos θ Ay = A sin θ s
x y. v vx = v cos θ vy = v sin θ, v

θ

Horizontal Motion(ax = 0)
x = x0 + vxt

vx = v0x = vx = velocity is a constant.

Vertical Motion(assuming positive is up ay = −g = −9.80m/s2)

y = y0 + 1
2(v0y + vy)t

vy = v0y − gt

y = y0 + v0yt − 1
2gt2

vy
2 = v0y

2 − 2g(y − y0).

t

s v



A = Ax
2 + Ay

2 θ = tan−1(Ay / Ax) θ

s θv v

s = x2 + y2

θ = tan−1(y / x)

v = vx
2 + vy

2

θv = tan−1(vy / vx).

ax = 0 vx



75.0º

ax = 0 ay = – g x0 y0

y
vy = 0

y

vy
2 = v0y

2 − 2g(y − y0).

y0 vy

0 = v0y
2 − 2gy.

y

y =
v0y

2

2g .

v0y v0y = v0 sin θ v0y

θ0 = 75.0º

v0y = v0 sin θ0 = (70.0 m/s)(sin 75º) = 67.6 m/s.

y

y = (67.6 m/s)2

2(9.80 m/s2)
,

y = 233m.



y = y0 + 1
2(v0y + vy)t y0

y = 1
2(v0y + vy)t.

vy

t = 2y
(v0y + vy)

= 2(233 m)
(67.6 m/s)

= 6.90 s.

y = y0 + v0yt − 1
2gt2

t

ax = 0
x = x0 + vxt x0

x = vxt,

vx vx = v0 cos θ0 .

vx = v0 cos θ0 = (70.0 m/s)(cos 75.0º) = 18.1 m/s.

t x

x = (18.1 m/s)(6.90 s) = 125 m.

y
y = h

h =
v0y

2

2g .

x y
x0 = 0 y0 = 0 x y

g



g

35.0º

t

v θv t

y = y0 + v0yt − 1
2gt2.

y0 y = −20.0 m.
v0y = v0 sin θ0 25.0 m/s sin 35.0º 14.3 m/s

−20.0 m = (14.3 m/s)t − ⎛
⎝4.90 m/s2⎞⎠t2.

t
⎛
⎝4.90 m/s2⎞⎠t2 − (14.3 m/s)t − (20.0 m) = 0.

at2 + bt + c = 0 a = 4.90 b = – 14.3
c = – 20.0.

t = −b ± b2 − 4ac
2a .

t = 3.96 t = – 1.03
t = 3.96 s – 1.03 s

t = 3.96 s.



vx vy

v θ0 vx

vx = v0 cos θ0 = (25.0 m/s)(cos 35º) = 20.5 m/s.

vy = v0y − gt,

v0y 14.3 m/s

vy = 14.3 m/s − (9.80 m/s2)(3.96 s)

vy = −24.5 m/s.

v

v = vx
2 + vy

2 = (20.5 m/s)2 + ( − 24.5 m/s)2,

v = 31.9 m/s.
θv

θv = tan−1(vy / vx)

θv = tan−1( − 24.5 / 20.5) = tan−1( − 1.19).

θv = −50.1 º .

50.1º

R



v0
θ0 15º 75º

v0
θ0

θ0 = 45º
38º

45º 90º
g

R

R = v0
2 sin 2θ0

g ,

v0 θ0

R





5 m/s
30 m/s 35 m/s

v θ
vx vy

vx = v cos θ
vy = v sin θ

v = vx
2 + vy

2

θ = tan−1(vy / vx).

v θ vx vy



vtot vboat y
vriver

x
y

vtot = vx
2 + vy

2

θ = tan−1(vy / vx)

vtot = vx
2 + vy

2,

vx = vriver = 1.20 m/s

vy = vboat = 0.750 m/s.

vtot = (1.20 m/s)2 + (0.750 m/s)2

vtot = 1.42 m/s.

θ



θ = tan−1(vy / vx) = tan−1(0.750 / 1.20).

θ = 32.0º.

v θ

32.0º

20.0º

vtot
vw vp vp

vw
vw

vp

vtot vw vp
vpx = 0 vpy = vp

vtotx = vwx



vtoty = vwy + vp.

vwx

vwx = vtotx = vtotcos 110º.

vtot = 38.0 m / s cos 110º = – 0.342

vwx = (38.0 m/s)(–0.342) = –13 m/s.

vwy

vtoty = vwy + vp

vtoty = vtotsin 110º

vwy = (38.0 m/s)(0.940) − 45.0 m/s = −9.29 m/s.

vwx vwy

vw

vw = vwx
2 + vwy

2

= ( − 13.0 m/s)2 + ( − 9.29 m/s)2

vw = 16.0 m/s.

θ = tan−1(vwy / vwx) = tan−1( − 9.29 / −13.0)

θ = 35.6º.

3,000 km/s





vy
2 = v0y

2 − 2g(y − y0).

vy
2 = 02 − 2(9.80 m/s2)( − 1.50 m − 0 m) = 29.4 m2 /s2

vy = −5.42 m/s.

vy = − 5.42 m/s

vx = 260 m/s

v = vx
2 + vy

2.

v = (260 m/s)2 + ( − 5.42 m/s)2

v = 260.06 m/s.

θ = tan−1(vy / vx) = tan−1( − 5.42 / 260)

θ = tan−1( − 0.0208) = −1.19º.

(260 – 5.42) m/s 260.06 m/s



A B



R A + B = R R

B A B
−B A – B = A + (–B) = R

R
A + B = B + A

A c cA c
A c

A

A B

Ax = A cos θ
Bx = B cos θ

Ay = A sin θ
By = B sin θ.

Rx Ry

R
Rx = Ax + Bx

Ry = Ay + By.
R R

R = Rx
2 + Ry

2.
θ R

θ = tan−1(Ry / Rx).

s x y
v vx = v cos θ vy = v sin θ v θ

Horizontal motion(ax = 0)
x = x0 + vxt

vx = v0x = vx = velocity is a constant.

Vertical motion(Assuming positive direction is up; ay = −g = −9.80 m/s2)

y = y0 + 1
2(v0y + vy)t



vy = v0y − gt

y = y0 + v0yt − 1
2gt2

vy
2 = v0y

2 − 2g(y − y0).

s = x2 + y2

θ = tan−1(y / x)

v = vx
2 + vy

2

θv = tan−1(vy / vx).
h v0y

h =
v0y

2

2g .
R

θ0 v0

R = v0
2 sin 2θ0

g .

vx = v cos θ
vy = v sin θ

v = vx
2 + vy

2

θ = tan−1(vy / vx).



A B

A + B

A B

A B A B
B A



0º 90º
t = 0

t = 0

0º 90º



A B

R = A + B

A B
R R θ

20º
40.0º

A B
R = A + B

B
40º A

20º
A + B = B + A

40.0º
B A

R′ = A − B
40.0º

20.0º
A B

R′′ = B - A = - R′

A B C
A + B + C

A B C



vA vB

vA vB vtot

vtot

vtot
30º

A B

R = A + B

A B
R R θ

B + A = A + B



7.50 km 15º

25.0 m
B A

R′ = A – B
25.0 m 18.0 m

A B A = B + C

A
B

C

32.0 km
35.0º

45.0º
45.0º

45º

A, B, C

D

2.50 km
45.0º 4.70 km 60.0º

1.30 km 25.0º 5.10 km
1.70 km 5.00º 7.20 km

55.0º 2.80 km 10.0º

40.0 km 60º
30.0 km 15º

R
θ

30.0º

x y



32º
40.0 m/s (144 km/h)

θ = 45º

6.37×103 km

H
60º

g

θ

θ

25º

30.0º

40º



38.0º

45º
38º

45º
5.00 m/s

45.0º

y = ax + bx2

x = v0x t t

y = v0yt – (1 / 2)gt2 x
y

y = ax + bx2

a b

R = v0
2 sin 2θ0

g
t y

t
x − x0 R = x − x0

45º

25.0º

40.0º

5.0º
15º

7.00 m/s

20º
45.0º

5.00º



30.0º

50.0º

25.0º

4.80 m/s 5.00º

90.0º

280 m/s
5º


