Chapter 5 - Vectors and Projectile Motion Direchorns

Scalar Quantities - express only magnitude ?N _
ie. time, distance, speed W c—-:& il -
Vector Quantities - express magnitude and direction. S
ie. velocity | 80 km/h, 58° - North/Seuth fioskyd
displacement 10 km (E) Hnen 1o ey deaee®
acceleration 4.0 m/s?, 27° 90°
force 100 N, 110° i A B}
190 @& 0
e represented by an.arrow. > $

o length of arrow indicates magnitude(drawn to scale), arrowhead indicates
direction.

Graphical Analysis of Vectors

1. Add vectors by placing the tail of one vector at the head of the other
vector.

2. A third vector is drawn connecting the tail of the first vector with the
tip of the last vector. This vector, the resultant, represents the sum of
the vectors.

3. Order of addition does not matter.

Vector Addition in 1 Dimension

(T T IA 8 11
Ex.1 A=80m,E o [ |
Pe———— ) § : . ——
B=60m,E T 11 | Ayl | Pl
, | L |
} A . ‘g |
Ex 2. A=80m,E | & Rﬂ' |
B = 6.0 m, W :‘-_".:_';ﬁ.._..‘ ‘
ALl ) i
Ex.3 A=80m W = - amuARNSEEEEE
= ' ' L | ‘
B=60m,E [ [ | | %3l
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Vector Addition in 2 Dimensions

S

|

i

Ex.1A=80mE ‘
B= 60m,N !

7.8 =C EREENN YL N

| :
-t |
o ] 1040 i '
& = 10-0om @ 3% e e Gl
or [0.Om@ t P4

Resultant

a) magnitude = measure the length from tail of the 1st vector to the tip of
the last vector.

b) direction = measure the angle with a protractor fr'om the horizontal
vector, measured counterclockwise.

Several Vectors

1. A hiker travels 7 km N, then 4 km E and 3 km S. What is the hiker's
final displacement?

ﬁ = 5-Fun@ N4SE

q,0Kkm
o H-O¥m
cos‘lS = \,\1P
4'010 » »‘YP ) ‘_’ oxm
h1€' “Cos 9Ys°
z 5.Fem
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VECTOR ADDITION:

Order of addition does not matter - the resultant still has the same
magnitude and direction!

Analytical Method of Vector Addition

Length of the Vector: Pythagorus Theorum

™
RS
40m/s RS (c)
~
(a) S o
~
~
~
~
~
~
~
~
~
~
~
~
) ~
6.0 m/s (b)
a® +b% = ¢?

407+ 6.0 = ¢?
C =J(4.0%+ 6.0%

=7.2m/s
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Angle of the Vector: Trigonometric Functions

Singd = opposite

hypotenuse

Opposite

Cos @ =

ad jacent
/g hypotenuse

Adjacent

Tan @ = opposite

adjacent

Remember: SOH/CAH/TOA

Ex#1. Anairplane flying toward 0° at 90 km/h is being blown toward 90° at 50 km/h.
What is the resultant velocity of the plane?

| R= Gowmhy>+ (Form/n)?
' “ o3 um/n

6 = o (2L 2 29°

90 Em/n
(R= 100kn/u=29°

Ex#2. A swimmer jumps into a river and swims straight for the other side at 3.0 km/h
(N). There is a current in the river of 4km/h (W). What is the swimmers velocity relative
to the shore? —

K= \)r(—t‘f’.oﬁpn/;‘)z; (3.0tm/k)”
= 5.0m/h

i -t 40kmll _ g0
G 4an z.ozon//;)'gs

50km/fin

Gormf

300Lm/}y

% -(5otmit @JXJE@
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Vector Addition
1. If avector that is 1cm long represents a displacement of 5 m, how many metres does a vector
3 cm long, drawn to the same scale, represent?

P —
I R
m m

A

x3

2. A vector drawn 15 mm long represents a velocity of 30 m/s. How long should you draw a vector

to represent a velocity of 20 m/s? \

30mfs ~ domfs 30"‘{5

3. An airplane normally flies at 200 km/h. What is the resultant velocity of the airplane if:

a) it experiences a 50 km/h tail wind?
zectalhy Sorgh

b) it experiences a 50 km/h head wind?

—’é—“;f_:}h @M, D

S —————————

4. Find the final displacement when the following vectors are added:

a) IOmEand 20m W ¢)IOmEand20m S
= R= J10*+20*
'OMLVS:( = 2-2.101
v dom LT -l 35 otr 23°
pril(R)763, %7
R lomEd 2. Re %M@Slﬂ‘g
b) I0mEand 20mN d)10mWand20mE

R=Jac* 10>
20m = 2.2—'”
0+ 4an'(2): 635 o=

5. AfTer' walkmg 11 km due north from camp, a hiker then walks 11 km due east.
a) What is the total distance walked by the hiker?

T ¥ okl distance = [1m Wm? 22w
1174
5 R
b) De'rer'rnme the total displacement from the starting point. /[ y7. _y 5°

d = {ie)% (e = lom O ¢ = o ik
:(/Gw@/\/’f\{og
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6. Anexplorer walks 13 km due east, then 18 km north, and finally 3 km west.
a) What is the total distance walked?

13 km 1€ £+ Bkm =34 L)

b) What is the resulting displacement of the explorer from the starting point?

e o ()41

I8 =8.0.6 tm o= 90"~ 61°: 2.9 °

13 km jorm

7. A hiker leaves camp and, using a compass, walks 4 km E, 6 km S, 3km E, 5 km N, 10 km W, 8 km
N, and 3 km S. At the end of three days, the hiker is lost. By drawing a diagram, compute how
far the hiker is from camp and which direction should be taken to get bacﬁ to camp.

Re-ovder: 4 l!—n{_f_}{» Bb&l-l- IoLnSW 3 KMG'JJ

)

W, e trle 5 nbdis ol iz 4 ]
;‘ ’ . R=|3*+4* 9:+an"(%):53°
( 6 Ig ke, ;"\ = S km o = F0°-53°=33°
. 8 km oo R =B km @NEFW)

8. You head down a river in a canoe. You paddie at 5.0 km/h and the river is flowing at 2.0 km/h,
What is your resultant velocity? (Give both magnitude and direction).

p 5.0km/hs 2.0tm/h = F-OUn/],
m—_, dawnS/M

2-0tm/n

9. CHALLENGE: Kyle wishes to drive his boat across a river to a point 4.5 km due south in 12
minutes. The river is flowing westward with a current of 5.0 km/h.. Compute the proper
heading and speed that Kyle must choose in order to reach his destination on time.

Aminxhn OB X = o) raseal)
V= 4Skm _ 325 Z 23.0em/lu
> D.2oh 235 kb

- -1f22.5) . o
= K =90-33°=(3°
~.R: 23 Lmh51TE
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Independence of Perpendicular Velocity Vectors

« perpendicular vector quantities are independent of each other; if I change
my velocity in the north-south direction, it does NOT affect my velocity in

the east-west direction.

Ex#t1: A motorboat heads east at 8.0 m/s across a river that flows north at 5.0 m/s.

a) Calculate the resultant velocity

| Ve © \}(5.0:45’} (5'0»\/5;—’
A ‘ 9. 4m/5 o
1”:. ‘ \ b 9= tan™(£2202 )- 335 = 90°-32°= 58

A,’ 9) -0 5
fo"'/s o g =(G.4mfs @NSBTE
b) If it takes the boat 10 s to cross the river, what is the width of the river.

Ve=8O0mls. 4 -t

t IO'S (f Om sX/D;)
o > (B0 mwncle
¢) How far down the river did he Trave :

\/N 2z 500’"/6 d,d = \//\/ o‘t
£+ /0s = 5.0mfs - 10s

| =7
A > : = (50 m)down-rive
Ex#2. A boat travels 3.5 m/s and heads sfraight across a river that is 240m wide.

\| W

a) if the river flows at 1.5 m/s, what is the resultant speed of the boat relative to the

hore? — z
e Va7 YaswbPesnld
o5 T 7 3.3 mfs

K A
tan™ A3
. The goa.)mom @tm

b) How long does it take the boat to cross the river?

dy = LH40m Vni® c%
Vn = 3-5mfs. Ay | Atom :
£27 i+ I 3.5ms
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Independence of Vectors
1. A speedboat travels at 8.5 m/s. It head straight across a river 110 m wide.

a) If the water flows downstream at a rate of 3.8 m/s, what is the boat's resultant

velocity?

— VR = (&-5mfs)%+ (3-8mfs) = T-3m/s
Bmls ;
sm/ 3 S o= 1LM-'I(3 561_"/6 (QJ_/OJ oA = 90 24 éé
s\o . e . g b—o\
25 2o G #(§-8m]s @ 66 From ha>

b) How long does it take the boat to reach the opposite shore?
\/y: X.§M/$ V: da . _é: dy - I‘Om

a — — -

dy = l1om £ Vg  g-Smfs

2. A motorboat heads due east at 16 m/s across a river that flows due north at 9.0
m/s. _
a) What is the resultant velocity (speed and direction) of the boat?

- V& = J@-O“/s)zi—(lém/s > 2 i84mfs
fﬁ/e'}’/’s 4-‘7"‘/5 O = tan™ 7 0'"/5) - .2,‘70,’ o s ?o"—.?f}o-'—' é(o

lbm/s
lomfs W =(I8mfs @ NGIPE

b) If the river is 136 m wide, how long does it take the motorboat to reach the

other side? Ae

= lbmls Ve = _E
de = |13bm t._.c_)_s N |36 m
,E :? Vg ,bM/S

c) How far downstream is the boat when it reaches the other side of the river?
'NE 7.0»1/6 JN \/N

£ 8.-8s = Om/ﬁ 85/>
N - E
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3. Paul swims due east at a rate of 3.0 km/h, while the river he is crossing flows south

at 1.5 km/h.
a) What is Paul's resultant velocity? -
oy J B - -1 —._- B
ot Ve = EtmpGogy O 1 (%5 )= a3
S a) . = e e - Q
j’:e %/\“;/,, = 3.35m/s o = 70°-23° = &3
2 | e 7 o
573’ | - Vg =(3.4mfs (@ SE3°E

b) If it takes Paul 20.0 minutes to cross the river, how wide is it?
Vi = 3.0km/h dg = Ve T
L= 0.333 kb :(3.0@4)(0.3339
A = 7 =
E .

¢) How far downstream will Paul reach the other side?
Vo= Stm/k g s Vet L
+ = 0.3334 = Skm/if 0=3 )

d‘_s:? @?@

4. CHALLENGE: A pilot wants to fly to a city that is 500 km due west of his current
position. The wind is blowing towards the north at 50 km/h. The maximum air speed
of the airplane is 350 km/h.

a) What direction should the pilot fly in to reach the city?
-7 -1 [ 50
“_,VL____." S O: sin '(é—sg)= g°
o
o= Fo°-3°= B3

(5

5 ,
A ‘fssﬁm
b) How long will it take the plane to reach its destination? Vg = 3 L/éb”/‘u

2
\/R'2‘+507’= 350 AR: 500 £m
= - 2 e
® 346 km/k =
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Components of Vectors

e 2vectors acting in different directions may be replaced by a single vector
the resultant.

Therefore:
e asingle vector is the resultant of 2 vectors.

C
A is a result of B and C.

Vector Resolution - finding the magnitude of a component in a given direction.

Ex#1. A person pulling a sled exerts a force of 58N on a rope held at an angle of 30° with
the horizontal. What is the vertical component? What is the horizontal component?

2 Fv FH‘
Lv:;;é h sinl * a cos O 5
. . Fy
?20,’],__,1 corf Fy = e sin@ F = F,'gco<@’

Fu tad)) Q)" | N)Cs:n 30) (58,4}/((,0530 /)

=@ - 50.240
-G-oxIoN)
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Ex#2. A wind with a velocity of 40.0 km/h blows towards 30.0°.
a) What is the component of the winds velocity toward 90.0°?

\/qoo = \/Q s\‘n 300
= GO.ELM/;\Xsrn 309
@0 0 tm 1>

b) What is the component of the winds velocity toward 0°?

\/0" = \/R Cos 50 -

o
fo. o b /i) 0530 °)

GH-6 b/l

¥

Y]

Ex#3. Beth attempts to pull a stake out of the ground by pulling a rope that is attached
to the stake. The rope makes and angle of 60.0° with the horizontal. Beth exertsa force
of 125N on the rope. What is the magnitude of the vertical component of the force acting

on the stake.
F\/ N F;g 501 GDO
::,@ 25 N)sf neo®
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Components of Vectors
1. A wind with a velocity of 40.0 km/h blows towards N50.0°E.
a) What is the component of the wind's velocity towards the north?

fry 4N °
9 T Vv = Vgsin 60-0
aﬁ% " (0. otal)(sm#e0) = REFAL

b) Wha‘r is the component of the wind's velocity towards the east?

Ve = Vgc0s50.0° ge W)

= @o .DKM/A)(Cos £0.0

2. A hiker walks 14.7 km at an angle of 305° from east. Find the east-west and north-

south components of this walk. —
7 T7 ~O < 0
d_ = dp ces5d AszclgSunSS

;{: C(’ 4-7(#1)@55 559 = Q‘Hu):s ms.gj)

do ’;: 22-43‘4‘.‘“ = ﬁQ.O‘-fk,m
:"f'?"‘m oo COMPOMVU"'s anez B.4 km Ee]
[ O Km E.SJ

3. Aboat travels at a velocity of 25 km/h at a heading of N45°E. The river is 1500 m
wide and flows due north.
a) How long does it take the boat to cross the river?

Vg - VRS')w \/6 :’}é7£”/'/L
— = @Sto/i) (s 45°)  dg 7 1500m M
B 2 ) F 6T kmfl A
\h,f'l' ' Ve /7 ‘?’%
=0. 0899L
b) How far downstream will the boat hit the other shore? @
V= Vz cos¥4s° V=1 7-6Stay), -

@szm/A){cosC/'fj E20. 009 4
= ]S by e dy° ;Léi,z,/XjDS‘@
.
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Projectile Motion

Projectiles - an object that is /agaghgf

ie. thrown baseball, kicked football, speeding bullet.

Trajectory - the _path of a projectile.

Objects Launched Vertically

If anobject is thrown upwards:

o the initial vertical velocity will be have a_pos hJe magnitude.

e The vertical velocity at the top of the trajectory willbg _ze .
« The time it takes to get to the top of the trajectory is equal to ln.[£

the time of the total trajectory.

Example: A ball is thrown straight upwards with a (initial) vertical velocity of +12 m/s.

a) How high does the ball go? d= . 2
Vi = T12m/s Np¥= ViZr 20d (oms) (IZst)

slczo\mésl.{ N Gt Z(’?-XM{S’D
:- ’ m - !
t\-j ; T Tzae = F.24%m

=(F.3m)
b) What is the ball's final velocity if it is caught at the same height it was thrown? How

w does it compare to the initial velocity? - —
‘J‘:ﬂ‘-sﬁﬁ V; = Omls A Vi?sz \[P ’\I(Q"tls)zé- 2(,7 3""5%4-3@
l‘}\,j‘s &z

» a = F.24m o .
a:—981m[s> Vo[ %t 2ad ="/2.00ms
\Ie = 7 :@\’J -

¢) How long is the ball in the air? Same Ma-j’”f“ € ﬂFPd.’ﬂCh‘”
Vi = +12m[s Vp 2V tat
Vpr-mfs N cizmle— ti2mbs, 2.4465
az:—9% MIS a - 9.8 m|s* 2@
£27?
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Vertical Projectiles Practice

1. A penny is thrown upwards with an initial velocity of 4.2 m/s. How high
does the penny go?

Vi 2 Y 2 mfs V2= v; % Jod d= (onf)*~(4.2ms)*
a:~9. jlm/sz - \{Pz—_ \/l,?— ( X~ 9. 8!!*[.5'9

Ve 2 Om/s X 20.899m = £+

Ae? 2a F3m = (0 70m)

2. A water balloon thrown upwards is in the air for 2.5 seconds.
a. How high did the balloon go?
Z’d half oF W@déd‘b‘ﬂ!% d= Vi+ . I/Za.‘t:b
Vi 2 Omls .

2
£z (2.5921.265 . z(Omls) 1-255)€ X938l mfN1.259)

j; ;‘7-81 mfst = F.66%m :@

b. With what velocity was the balloon originally thrown?

[#* half of tagdlony:

V,(:’OW!{_S \4::\/;-&045
a = —q.Slmlsa’ y ‘6
Vi‘: 2 = 0m/5 - (7-3'/”/67%/’2&) = *ll'%”%f

3. A rocket shot straight upwards reaches a maximum height 150 m. How
long is the rocket in the air for?

A £of fragectsuy: o
1'\/-\:‘%”5 | ’ A o —
a,l i -9,81 m|s* £ [ad VILZI’IQZ;; - 5.53s oy
Zs NT V=% . trayee
i - ?IS(Dm - - bflz X 5555 ’

4. A pencil is thrown upwards towards the ceiling that is 2.1 m above a
student’s desk. What is the minimum velocity that the pencil would heed

to be thrown if it is to stick in the ceiling? —
NeZomls 1_ 2 ? Vi =0 "IS)L'(LX""g”fs’l*Z"’)
£ 2 \!‘? =V, vz.ad
a]Z—-ﬁ.ﬁ’Mls :*(p,"l'lm{s

. - s
A S R
" L]

1.090m; 2.a) 77m; b) +12m/s; 3. 11s; - 4. 6.4m/s
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Objects Launched Horizontally

The vertical and horizontal velocities of a projectile are M&Mg&\’ of each
other.

2 cannon balls:
B - launched horizontally at 20.0 m/s
A - dropped from the same height

e A has a constant horizontal velocity of Oq[é . A falls at-7-2 I m/s?

» B moves horizontallyata ___c.on stonT velocity of 20.0 m/s.

(Newton's 1st Law - Inertia).

e Balso fallsat -2 m/s?

o Both fall at the _Sarric rate and hit the ground at the same YHime .

= !:_ﬁ’. = :? —.’ Q - f"C

oo -

- !
[ )

X Shoot x Deop \lideo

The horizontal velocity is Constont . The vertical velocity is changing due
to 3(@»)%’(3
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Ex#1: A stone is thrown horizontally at a speed of 5.0 m/s from the top of a cliff 78.4 m

hlgh * \Lv. 2 s OM’S .
b) How long does it take the stone to strike the ground? Fo4m o
fieoll X
Vectically A=y ©hot? |
Vioms T [ . 3398
a,= —98mls t- TVTZ9.81mfs? _
4% 4m - tu - (33F)
c) How far' from the base of the cliff does the stone strike the ground?
Hoﬁ'zon"a“i 1. (VF ¥V > L
Vi,= 90 wm[s w 2
‘f(. zS-Cwls . - (5.0mls>(3.‘f‘78§)
\
4 3. 9¥s = 9. 99 = O X100 wW
(So.mjhmo Veilc‘g?\.‘s ) : ” &O ~_lesh
d) What is the stones vertical velocity when it hits the ground?
\fexhc.a.\\j

2 <ﬁ<zs)
- -9, <3\vV\l$ Dmgfeqﬂ'"sxa -
Odv_ ~3%.4m = 239.2m|s {w‘)m(?ﬂkaWL
£ 3998 . L s1aq 9-'“]:
Ex#2: Thelma and Louise drive off a cliff 400m high, travelling at 72km/h. 1 2*15

32 Umfhy x 1000 A2 - 20.0m[s

a) How long does it take to hit the ground? — Yu?
Vet cally d7WE+ Yoot 1 s
N
V;Fomls ; ‘ 2.9y '
az -9 glmls- t oy ‘

dF ~400m : @%) %.035 =09

b) How far from the base of the cliff does it hit the ground?

V= 20.0wls _ (\l;'r\)i)_t
- 20.0wls
V:-,: 9.03s = (a0-0njs{3.03)

3 ? s i20bwm = (BowW) (23)

¢) What is it's vertical velocity when it hits the ground?

N Owmls Ve T Vi rot
4 =9-03s £ = Omle’r("i ﬂ"‘SI" 03‘)
z - g\ $
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Projectiles Practice
1. Consider the ball's trajectory .
a. Where is the ball travelling the fastest in the vertical direction?
A4 theend of the throw

b. Where is the ball moving the slowest in the vertical direction? Gﬂ?
At the -\-oP of he ’\'(“f°m3

¢. Where is the horizontal velocity the greatest?
Some oX o\l Himes

2. Anairplane pilot flying at constant velocity and altitude drops a flare. Ignoring air resistance, where
will the plane be relative to the flare when the flare hits the ground?

D-\rCc:"l\j O-bOVC )l’\nc -ﬁa(c& +‘»'!C. -?\arc|5 \/\0(; ZOV\-"I'R}

Veloa 5\’6'{: conStavd and Gsill continee bo Acevel
Lorusard as Y deops.

3. A zoologist standing on a cliff aims a tranquilizer gun at a monkey hanging from a distant tree branch.
The barrel of the gun is horizontal. Just as the zoologist pulls the frigger, the monkey lets go of the
branch and begins to fall. Will the dart hit the monkey?

Yes. The Aoct uwil\l accelerale do Lanwiards gk Hre
Same (ole as Yhe mon\(cnd.

4. A stone is thrown horizontally at a speed of +5.0 m/s from the top of a cliff 78.4 m high.
a. How long does it take the stone to reach the bottom of the cliff?

Verriaally df \l\/k v Yratl

\2,:— ?zlv.\lss\mlsq' t- J/zfdﬁ: Sce prediess

< oa
e . [z Poa s
7 ~3BAm NS (same ) -
b. How far from the base of the cliff does the stone strike the ground?
\I“ = *6’. OM‘S /
P 4
= :

/""J 60’W
7 &
¢. What are thetorizontal and vertical components of the velocity of the stone just before it
hits the gpéund?
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5. How would the three answers to Question #4 change if:
{ a. The stone was thrown with twice the horizontal speed
. The Hme Dooldn't change.
- The distance horizentally tvavelled wenld dovbole

c The Aol ver Hca,["/\,;\l\ 53"4‘1 Hhe come
o Birad horironkel velocs by dovkies (decs ot change o
b. The stone was thrown with the same speed but the cliff was twice as high?
. “The fime wovld Wkteasc
- distance hotizontall =l muase .
- The —G’na\ verhcaf veloat will incease

nal hor i 2ontaf ye\o ety “Stoys Hhe
6. A dart player throws a dart horizontally at a speed of 12.4 m/s. The dart hits the board 0.32 m
below the height from which it was thrown. How far away is the player from the board?

=12 4-:4(5 Verkically Cl N /é” Yz at? Hori2ontally:
e v;=Om|s V, =12.4m)s
- ; "
évc-)% dy=-0.32m E° J Ly=0.15545.
- ¥ = -9 BIm|s* .
: a,—?‘? | - (zx—oazm)_ozggqs o Wk
t = -4.%nfs” | du _:(12"‘4,,510 25545)
7. An automobile, moving too fast on a horizontal stretch of mountain road, slides off the road, fallmg = 3.4Tm
into deep snow 43.9 m below the road and 87.7 m beyond the edge of the road.
a. How long did the auto take to fall? V/‘k . YZa-‘t
verhelly « y; zom|s
Elisby: visow) . B - 5 9935
e dz-439m ~q.%l M[s
439 az -9.8ms>

Sy =21.3m b. How fast was it going when it left the road?

L= 2.992s . du . 8FIm

Ay ?? Am T 2992
p * A9.3mfs “
¢. What was the acceleration 10 m below the edge of the road?

-9.%\ s> ((in Freefall)

AU

L. a) At the end; b) at the top of the trajectory: c) same throughout 2. Directly overhead 3.Yes 4.0) 400 s; b) 20 m;
) vx = 5.0 m/s; vy= -39.2 m/s 5a) no change to time or vertical component of v¢ horizontal distance and horizontal vs doubles,
b) time, vertical v¢ and horizontal distance increase; 6. 3.2m 7.a)2.99 s; b) 29.3 m/s; ¢) -9.81 m/s?
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Chapter 6: Work and Mechanical Energy

Energy is the capacity to do _\wlncl4

Work
e the product of {orce  exerted onan object and the _di=tancethe
object moves in the _Airection of the force.
W=Fd

W = \Wo ¥ (Joules, J)

F=_Yorce applied (N)

d=_distance (m)
e Ifa low%r force is applied with no movement , then _no  work

is done.

e Ifaforceisexerted Deg g;gé. iewlal to the motion, then no ok is

done.
e Ifaforceisexertedatan anale.  to the motion, then the force can

be replaced by its _cgm@gg_m_lré_ "%Jnly the component in the A icchan  of

motion does work.

Ex#1: How much work do you do when you climb a 3.0 m high staircase? (Assume your
weight is 600N) 1 = 3.0m \W=F a
F, = 600N = (bom\\)(%-m‘b

=27 - - -
W = \RoO¥” : (.\5'?\

Ex 2: A man pulls a toboggan along the snow with the rope at an angle of 40.0° with the
horizontal. How much work is done by the man if he exerts a force of 255 N on the rope

and pulls the toboggan 30.1:?0’ ) Fu \W = F;* .
L e (55N s 920N (30-0:)
F ' = M WS "’0.0 : 4 0.2 T
)ﬁé\/ Fy A55N( j | ?24
fa = (E860T
L dy —’3@”"

76 Chapter 6: Work and Mechanical Energy



Vectors Review

Concept Review

1.

How is the resultant force affected when force vectors are added in a different order?

. A vector drawn 16 mm long represents a velocity of 30 m/s. How long should you draw a

vector to represent a velocity of 20 m/s?

- If avector that is 1 cm long represents a force of 5 N, how many newtons does a vector

3 cm long, drawn to the same scale, represent?

A right angle triangle has two sides, A and B. If tan© = A/B,
a) which side of the triangle is longer if tan 8 is greater than one?
b) Which side of the triangle is longer if tan © is less than one?

Vector Addition

You walk 30 m south and 28 m east. Calculate the resultant vector.

. You head downstream on a river in a canoe. You can paddle at 5.0 km/h dnd the river is

flowing at 2.0 km/h. How far downstream will you be in 3.0 minutes?

Shawn is walking at 2.5 m/s (S) on the deck of a cruise ship about to head north to
Alaska. If the cruise ship starts accelerating at 3.0 m/s? (N), what is Shawn's velocity
after 5.0 s, relative to the shore?

A ship leaves its home port expecting to travel to a port 500 km due south. Before it
can move, a severe storm comes up and blows the ship 100 km due east. How far is the
ship from its destination? In what direction must the ship travel to reach its
destination?

. Dave rows a boat across a river at 4.0 m/s. The river flows at 6.0 m/s and is 360 m

across.
a) In what direction, relative to the shore, does Dave's boat go?
b) How long does it take Dave to cross the river?
¢) How far downstream is Dave's landing point?
d) How long would it take Dave to cross the river if there were no current?

. Beth, a construction worker, attempts to pull a stake out of the ground by pulling on a

rope that is attached to the stake. The rope makes an angle of 60.0° to the horizontal.
Beth exerts a force of 125 N on the rope. What is the magnitude of the upward
component of the force acting on the stake?



Projectiles

1. A stone is thrown horizontally at a speed of 15.0 m/s from the top of a cliff 80.5 m high.
a) how long does it take the stone to reach the bottom of the cliff?
b) How far from the base of the cliff does the stone strike the ground?
¢) What are the horizontal and vertical components of the velocity of the stone just
before it hits the ground?

2. A toy car runs of f the edge of a table that is 1.225 m high. If the car lands 0.400 m
from the base of the table,
a) how long does it take for the car to fall?
b) What is the horizontal velocity of the car?

3. A steel ball rolls with constant velocity across a tabletop 0.950 m high. It rolls off and
hits the ground 0.352 m horizontally from the edge of the table. How fast was the ball
rolling?

4. An automobile moving too fast on a horizontal stretch of mountain road, slides off the
road, falling into deep snow 43.9 m below the road and 87.7 m beyond the edge of the
road.

a) How long did it take for the automobile to fall?
b) How fast was it going when it left the road?
c) What was the acceleration 10 m below the edge of the road?

5. Janet jumps off a high-diving platform with a horizontal velocity of 2.8 m/s and lands in
the water 2.6 s later.
a) How high was the platform?
b) How far from the base of the platform does she land?

6. A dart player throws a dart horizontally at a speed of 12.4 m/s. The dart hits the board
0.320 m below the height from which it was thrown. How far away is the player from
the board?

Answers:

Concept Review:
1. Nochange 2.10m/s(11m/s)3.15N 4.a)A b) B

Vector Addition:
1. 41mat S43°F 2. 0.35km 3. 13m/s(N) 4. S11°W 5.a) 34° b) 9.0x10's c) 540 m d) 90 s (same
amount of time) 6. 108 N

Projectiles:
1. @)4.05s; b)60.8m; c) vu=15.0 m/s; w=39.7 m/s 2.a)0.500s; b)0.800 m/s 3.0.800 m/s
4. a) 299s; b)29.3m/s; ¢)-9.8m/s; 5.a)33m; b)73m 6.3.17m



