ABRHS PHysics NAME: [LEY
Relative Motion Problems

One Dimensional Problems 6= grovmd.
1. Imagine you are a State Trooper driving down the highway at 65 mph. A stupid driver passes

you. Their velocity relative to you is 15 mph.
a. What is the speed of the stupid driver relative to the ground?

Vp,® 63 mph Vag™ Var # Vrg = 19+ 65 = [ 80 mph

- h
VAT IS "Y b. What is your velocity relative to the stupid driver?
=~V = -

~ c. Aneven st@er driver then goes past the OG stupid driver with a velocity of 10 mph,
VBA =10 "Ph relative to the OG. What is the velocity of the even stupider driver relative to you?

Vo=V, +V, = 10415 = iZSmek!

BT Ba
d. What is the speed of the even stupider driver relative to the ground?

= \V) = + =
Voo™ Vor ¥ Ve = 1S Y6S ‘%""f_j“S

or Voo © VBA"'VA& = [0480:= qOmPL\ U
2. You are watching two friends, A and B, race in opposite
directions. The two friends have a relative speed of 4 m/s. -
A

According to you, friend A has twice the speed of friend B.
a. What is the velocity of A with respect to B?

Vag = ~4 ™M %You

2

ARG
b. What is the velocity of B with respect to A? \V =V._+Y
RY ©
Vga = 14 ™ o

VAY = VBY —L‘

c. What are the velocities of the two friends relative to you?

- - S - 1.33~¥
[Vayl= |2 Vey| So. ~2Vay=Ver ™4 i |
i T JVgy = 1 Vpy = —263h
S Vay T ~2Vgy  (opposik directions) ( ;VB‘( = 33M[s ‘ .
3. A bored child at an airport is playing on a moving walkway. First, th walkway,

which takes them from point A to point B, a distance of 50 meters in 35 seconds. Then they run
back to A, still on the walkway, in a time of 120 seconds. How fast were they running with

respect to the walkway? . .
% - v = é _ 50 Goma ba.ce ! :
W6 T - =90 _ _ ™
Gom, 35 s Loee Vee = =5 = —oid ls

Ve = 143 ™

W = wollowoy Vow = Veg ¥ Vew = —HIF +C k43)
e = cld (& VGW = —|43 M ew
& = grend Vew = —1.85 ™
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4. Object A has a constant velocity of 20 m/s according to C. The moment A passes Object B, B has
a constant acceleration of 3 m/s? and is initially at rest, both according to C.

a. What is the equation that gives the position of A relative to B? [’7 1)
v -
CAC. : 20t PBc: JiC%)t pp((g Cact Mee r('z,o't) v (-Ist \

2
b. What is the equation that gives the velocity of A relative to B?

VAfbt dSl;'(rA’S) = !2..0 "Btl

c. At some point, B will catch up to A. Before then, what is the maximum separation between
A and B?

Mox SCParO\'h\dY\ O = 20- 36 FAB oy ?_OC'L%) - C['S)CZOIB)Z
5 when =20 R
m el ¢ 3 [, = 66.% m‘\

A
(s e £

d. What is the velocity of A with respect to B when B finally catches up to A?
1
T w- 30333
20 = ISt

~
t: 1533 | Vag, = =20

Two Dimensional Problems

5. A swimmer can swim with a speed of 5 m/s in a pool (that is her speed with respect to the water.)
This same swimmer is now at a river, which has a current flowing to the East with a constant
speed of 3 m/s (that is the velocity of the water with respect to the ground.) Assuming her water
speed is always 5 m/s,

a. What would be her resultant velocity if she tries to swim due east, with the current? (This
Would_]c:e her velocity relative to someone on the riverbank waiting for her.)

= So Tsw =51

R Y Vse = Vsu* g = SV 720 ¢ " ' st)

VW & b. What would be her resultant velocity of she tries to swim due West, against the current?
Co Vg = =57 ” =
> - - $§3C s [-2T ™ ‘ 2 mfs West )
s, Vg™ “SUF3L [ [s Cia. [s
c¢. What would be her resultant ve10c1ty if she points herself due No mr,'th straight across the
river? o V 3 V
So \/ V ~ Vsw w 6
Sw* J 5
(Vsp238457 "[s]
d. Ifthe river is 30 me wide, how long it take her to reach the other side of the river, if
she points herself due North?
~ A A
-— r,o= (3t)L + (St (Constant V)
SG
4
4 So Y4=5t

30;5t side 2
[ 3 lt:GSK




ABRHS PHysics NAME:
Relative Motion Problems

e. How far down stream will she be?

S0 X=3t X=< C’J\U)=1l3 ms

f.  In what direction must she point herself so that her resultant velocity is due North, straight
across the river?

- K3 = direction =
] S 6 ©
we Swn ; - [26.9°
V. s O = 56/ or
v;w\’ S 9 Q

36.9 ® Wof N
g. How fast is she going with this velocity (from part )?

° 5 L —_
6 = 34 (Vs¢) lVS(,-: 4 "\151

h. If the river is 30 meters wide, how long will it take her to cross the river (from part f)?

=
Ve~ O+ 4]

v YsHt = o4t (te 25 )

i.  What must she do if she wanted to cross the river in the least amount of time? What is that
1 ? . . - .
time! Must moximize vdocdy acrosS The riger — o ighove
fle river. This is achally %oegh‘ms C-€ above

So tmit\ = E

6. The pilot of a plane points her airplane due South and flies with an airspeed of 100 m/s.
However, there is a steady wind blowing due West with a constant speed of 40 m/s.
p= P‘aue a. What is the resultant velocity of the airplane? (This would be the plane’s velocity with
respect to the ground.)

AT QA R - _\7\
6= g Voi © Vea ¥ Vas & y
- A o A A = PA
v, = —100] Vpe = -100y =10V

PA ——

- ) A — A \'}
Vas ° -qo¢ m —-locﬂg A6

b. After one hour, where is the airplane in relation to its starting point?
- — = t ‘ kf
AC =V ’
c & R
= (=40t -1003) (3600)

‘ A?PCS = -l"{ql.OOb/(\) - 36(}0003 m &

PR e
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c. Ifthe pilot wanted the plane to fly due south with respect to thground, in what direction
should she pomt the plane? (Assume the speed of the plane with respect to the air is still 100

Now R A m/S) V “——-‘ oR: COL +VJ) C'DO(DS¢ [,-ftDOSMbJ)'l’( -0 beJ
Ves:OU‘!?d V?&’ PA Aﬁ' = l%('\ 0= {oo cos & —40
- n YO s b= L 5 4= 66’
V 6 = ""lO\l = anez (00 100
A GPG e\rA T} _ o Sta sind must be ne:aﬁve
g [ 0
‘-;AB Hd 2346 EotN ('or bb4 ) THE PICTURE (S MUCH EASIER
% CLEANER !
d. Using your answer from part ¢, how fast is the plane moving with respect to the ground"
L
+ \-fo N loo
VP%
L [, = L3 ™
Vo, = 8400 Vo = H M
7. A plane has a velocity of 80 m/s at an angle of 30° (North of East) with respect to the ground.
The plane is flying in a wind with a velocity of 35 m/s NW with respect to the ground. What is
the velocity of the plane with respect to the air?
Vog= Vo * V v, -V
= ¥ = -
\—’;e‘- 8o M @ 30" Not & Vea® Ves T T6A e A
. TAS
85 T v?n = BocossoL + BOsin30)
30 A
? - 6930 + Yo g
S

° > - - ™ cos ¥ 0
VA&: g m, @ HS wof N Vpg = — DS Stads T + 3ScosVSy

<~ - 7—'1-:" (t ¥ ?"“?:‘\

% "‘:i So VPA (6‘130 'c‘{OJ) ( i "F:H?“)

r v15.3
N A
< ls:g S qq
V(’n " v ’ "‘{ J ay* Hs‘s
V ?S.z.nys
= 1S.3 - 0.(¢
C~ o + & - 2abcosce ton 6 ‘ﬁ%? (63
oc 9.2°
= (Bo) + (38) - 1(89)(3S) cos (10S)
- (400 + 1S - (—Wya) = F0%
: - m
" V?&*- qS.?) Is
ide 4
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35 53 o) =70.° - (aS'\'L’ 30°-20.8 = ‘H’
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Answers:

1. a) 80 mph b) —15mph c) 25 mph d) 90 mph

2. a) -4m/s b) 4m/s C) vay=—-2.67m/s & vgy = 1.33 m/s

3) 1.85m/s

4. a) rag =20t—1.5¢2 b) rea =—20t + 1.5 c) 66.7m d) =20 m/s

5. a)8im/s b) -2i m/s c) 3i + 5§ m/s d)6s e)18m
f) 36.9° Wof N (or 126.9°) g)4 m/s h)7.5s i) part ¢! so 6 seconds

6. a) —40i — 100j m/s (or 108 m/s @ 21.8° W of S)
c) 23.6°E of S (or—66.4°)  d) 91.7 m/s
7) 94i + 15 m/s

b) —144i — 360j km
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