Physics 12 Name:

The Ultimate Vector Dynamics Assignment
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1.

A 75 kg man stands on a scale while accelerating upwards in an elevator. If the scale reads
850 N, what is the magnitude of the acceleration of the elevator?

A 1.2 mjs? C E [ - ma a =z §so - 7¢(‘7,§?)

B. L5m/s’ 8 —_
C. 9.8m/s’ \ C @50 - M q ERY

D. 11m/s? v " =+ = G

2.

A 45 kg toboggan and rider decelerate on level snow at 0.53 m/s?

. What is the coefficient of
friction between the toboggan and the snow?

N
A. 0,012 c r/\/ (’; -~ MK
B. 0.05 B r

o ] pC i f/A 9

oo V9 oy =

The 4.0 kg block shown accelerates across a frictionless horizontal table at 1.5 m/s?.

~NC
a=1.5m/s’ o m, =4.0 kg
= %
A i
" L/M‘ID
M‘?)
Find the mass of object m,. - T + T M q
J 1 " ‘% b ot both
0
A 061 ke we M
B 0.72kg> M - (m tm )(‘A R S—
C. 6.0kg \% \ T 3 -q
D. 20ke Mo = mo tmoa T
- 2 N —_—
My M M 9.8~
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4.

Which of the following is not a statement of one of Newton’s laws of motion?

A. For every action force, there is an equal and opposite reaction force.

B. Ifno net force acts on an object, the object will remain at rest, or continue to move at a
constant velocity.

The acceleration of freely falling objects is proportional to their mass.

D. Ifanet force does act on an object, the object will accelerate in the direction of the net force.
5.
Three blocks have masses 1.0 kg, 7.0 kg and 5.0 kg as shown. The horizontal surface is
frictionless.
7.0kg N e
< \/‘ all  all
CP T M Mmoo z ( }
N 3 I 8 < \M tm
T ] t(}) 3 ) /h; o
s
1.0 kg 5.0kg
n: M -Mm
UM, U 3 \
What is the magnitude of the acceleration of the system? m -_
C 9 m t
A. 3.0 m/s’ 3 | m?. hv)g
B. 3.8m/s’
C. 6.5m/s?
D. 7.8m/s?
6.

A 2.0 kg block is sliding down a 15° incline. The coefficient of friction is 0.62. At some

position the block has a speed of 7.0 m/s. N ee d O I
[
c ~
fe - L_F =M Qa
r
p =0.62

"y
What distance d will this bloc(:?< g}ﬂ/e before coming to rest; M 9 y - /‘A m @l ZMa
' |
A. 25m a - ~3.37 (s\vw"\5 down, Ao < (/
sin(lf) - -
B40m o g Vo=t ds7 J ™y cosfis ] <

Cl:\/'l: VAR Oa?

( - _— - _}‘L{ N
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7.

In the diagram shown, the tension in t‘W\cord connecting the hanging mass and cart is 43 N.

-

caft ‘' N T
-
. = =
frictionless surfac \
VAR
6.1 kg
\
Mm, ?2‘
a) Draw and label a free body diagram for the cart and the Rgnging thass. (2 marks)

N

Y

r
9

b) Determine the mass of the cart.

. I
\ook o\)F mm f:\f%\’.

(‘ﬁlg - T =Mk

o\:misef

Mo
o s (6.0(ng) -43
e
@ T 935 M

nNT

1

L
A)D\.J l'bo\( 0\3(‘ /"\l
T = o«

;,:m,
O~

(5 marks)

L
mo= ey ks
2.5
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8.

A student exerts a 120 N horizontal force on a 25 kg carton of apples, causing it to
accelerate over level ground at 1.8 m/s? r

Y (20 - L = mnQ
{:" - N a=18m/s’ fr
N % (‘ Y] —/m FN:Ma
|70 —m Mg =
\ 120N M ?) Mo

m
Find the coefficient of friction between t}L cartoi? and the ground.

/A(V\('a;llo—ma

€. 0.49 i} mo - 25(1,8) -
D. 0.67 /\/\: 10 ~ma - _'° _2 - 0. 3

. M4 2s (%.%)

A net force F acts on an object of mass m, causing it to accelerate at 4.0 m/s”. If the same
net force F acts on an object of mass 2m, its acceleration will be

A 1.0m/s ~ =mo donble the mass,
end you cut e aceel,

C. 4.0m/s’ ‘n half
D. 8.0 m/s?



10.

A student drags a 7.0 kg carton of apples across the floor by exerting a 45 N force in the
direction shown. The coefficient of friction between the carton and the flooris 0.52.

F=45N

F ) /v%

Fr \ / ‘
&— <28 g

Y

n=0.52
"9

a) What is the magnitude of the normal force acting on the carton? (2 marks)

(v\?) = F, 4»(:(?)
ij:N\3~CU = mc(:)—qg sinf4) = 503 w

b) What friction force acts on the carton? (2 marks)
F 2 = bs2)(s03) = 26N
1 ’ - .
Fr /V\ N
c) What is the acceleration of the carton? (3 marks)

F -6
-, amo

4S5 cos (711 ~ 26,7

’)r

Uy

Oc Ox::jl3 m/jz
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11.

A 72 kg skydiver drops from a helicopter and is accelerating downwards at 8.6 m/s*>. Find
the friction force acting on him. _
M (C}) pd Fo, S MA
A. 86N ’l\ (:d N
N
B. 620N b (
C. 710N Cdro\ p N\(\})“N\(}\ z ?2)(61‘%) —11(?,6)
D. J
M
12. (3)

The diagram shows two objects connected by a light string over a frictionless pulley. Object
m, 1is on a frictionless horizontal table. The tension in the string is 24 N.

NN

T

\ m2
| |
’r v
M ,13
m; =3.0 kg
M| (Z)
a) Find the cheleration of the system. (4 marks)
lox k. at m

(V\\%— Ti M &

O\:w z 3M = LY N\/gl

m, 3

b) Find the mass of m,. (3 marks)
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13.

A girl appliesa 140 N force to a 35 kg bale of hay at an angle of 28° above horizontal.

The friction force acting on the bale is 55 N. What will be the horizontal acceleration of the
bale?

[T - F -ma

(: F =140 N ¥ fr
c /\N 7 [do Cos A /G;‘_ Mg
lfr }\i‘{ H g0 /l'\{:;/
SISV K o (3s9g - S§
i ,,\// Fx — :a

e

A. 0.31 m/s? bf"\g ™

C. 2.4m/s? a - |8y
D. 2.6m/s?
14,

A 5.0 kg concrete block accelerates down a 34° slope at 4.2 m/s*. Find the coefficient of
friction between the block and the slope. {:

) :ﬁSm%‘l*C\
/" Gyt 2

/
| T
D. 0.67 — [~ - !

Mﬁ,,’/“‘(:fu:‘“o‘ 0.9 cos 34



9901
15.

A block is on a frictionless incline.
Lrctioniess

N
~

\y

Which of the following is a correct free body diagram for the block?

AI\ B./\ C}\ @

16.
A cart on a frictionless surface is a?tached to a hanging mass of 8.2 kg.
US{ M’L "'{) {:"'N\- T) : T
m S
then use T Fo | ’ )
(:\f‘é M 35 /2
.S mfs
T - O \/ma) /| T
Mm?}’ RN
]/: Ml%”mq_o\:ﬂ‘(ﬂ(ﬂ N 8.2 kg
M, 9
If this system accelerates at 3.5 m/s®, what is the mass m of the cart?
A. 6.0 kg T - ma
{ B, 15kg)
C. 23kg - = SbG )
D. 3lkg s fs_’//'lkg



17.

Two objects are connected as shown. The 12 kg cart is on a frictionless 42° incline while
the 15 kg block is on a horizontal surface having a coefficient of friction p =0.23.

.
F‘ m = g
|
U =io.23 2
A M'O m, =12kg

frictionless )MS

L
> laze

. , Moty M {c)
Determine the acceleration of the system of masses. 724

Mé// Tl (:r ) N\bo‘hf\ " bt

S;ﬁ L('L — (—_: = M
"2 27 Tk o,

(7 marks)

e )
(V\,a(Z)S\n\'L /Mf\q‘e) = a
Mbo\’\"
o 11 lag) stk - (13) (157 (a,8)
1L +1 5

o s /éé /"I/S.,,
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18.
A 15 kg block on a horizontal surface has a 100 N force acting on it as shown.
F, T F=100 N
m =15.0 kg

"9

What is the normal force?

mg =kt F

C. 147N

D. 247N - :MS-(::(IQ)M,%)*-’OO =4 n
N

19.

A 15 kg cart is attached to a hanging| 25 kg mass. Friction is negligible.

T
) (\
\/‘\'\\0) /\T
25 kg
\/m16

What is the acceleration of the 15 kg cart?
M -1 +T =m G
A. 2.5m/s? ™ ?) bothy T bt
2
( B. 6.1m/s MY g

C. 6.5m/s’
/ moEmy

D. 16 m/s® )
C = QS(O\.S\! - G;l M/S_L
[S + 25

10
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20. /—\ (‘ -5

A 5500kg helicopter is travelling at_ constant speed in level flight.

'-L;{\F F 250; Rotor
J {
— F B

"9

dr /
k a8
6,

What is the force F' provided by the rotor? r
I~ - M %
A. 49x10°N  CoSAS ~ F‘/ J

B. 5.4x10*N “F—
D. 1.2x10°N

X F:(:; ) MO) - S—Q)k ]
21. 2395 “ Cosas : 0 N

A 15 kg block has a constant acceleration of 2.2 m/s*> downa 30° incline.

A. 33N Mmoo - -ma
C. 74N 6// i C
D. 130N M(ﬁ// “me= T e

11
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Which of the following graphs shows the relationship between acceleration and net force?

A a
\
net F
C. a
net F
23.

A 12kg cartona 23°

R ~
D. d

__—

net I

net ¥

well, .,
(- =ma

/C:’ - mM
(:'
§\OG>Q O{:
6r~a‘a\,\ 'S
caqs}aﬂ{")

?.‘nw Mmas s

io( Snl 1- c(ao\ny

frictionless incline is connected to a wall as shown.

Wall

B. 50N
C. 110N
D. 120N

Mo N1y s T

12



24.

An 18 kg cart is connected to a 12 kg hanging block as shown. (Ignore friction.)

M9

a) Draw and label a free body diagram for the 18 kg cart.

tN
4
\T
")

b) What is the magnitude of the acceleration of the cart?

moa-14+T
~ ’\ﬂ\l%// ) botls

(V\‘{-N\,,_
(2 (a.%) + 1§(a§) sinds = o
30

3
S

(2 marks)

(5 marks)

13
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25.

A block of mass m remains at rest on an incline as shown in the diagram.

m

The force acting up the ramp on this block is

A. 0.

B. mg.
(C. less thanm

D. more than mg.

26.

Two masses are connected by a light string over a frictionless massless pulley. There is a
coefficient of friction of 0.27 between mass m, and the horizontal surface.

m, =1\.0F?g‘ T

F
e ST | >
N T
m, = 4.0 kg ,\(:N
UMy 0 6, (__»,_._T,-a
a) Draw and label a free body diagram showing the forces acting on mass m;. (2 marks)
("ll 6
b) Find the acceleration of mass ms,. (5 marks) (1%
My -T+T-F =m  a
0% - z
%) BT el T o,
y(ag)  —uF
a rlu\ -6 ) o - Lf(ah?) -,17 (2)(%5})
\—/_/___/_/
M \ *’ {V\ €+ 6

c:S 3 M/S—L 14
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27.

A constant net force acting on an object results in the object having a constant

A. velocity.

B. momentum.
(C. acceleration>

D. kinetic energy.

28.

A curling rock is travelling to the right across the ice as shown in the diagram.

0008
29.

An 810 kg dragster is being decelerated by a parachute at 2.5 m/s® as shown in the diagram.

What is the tension in the cord at this moment? M f)
A. ON _—

B. 2.0x10°N / SN AN

C. 5.9x10°N

1

D. 7.9x10° N /,/ (%'O>(RS> ~ :Z(O 3((’03 N

15



30.

The system of blocks on a frictionless surface in the diagram below is accelerating at 2.0 m/s?.

Mm M, M
| a=2.0m/s? 3 T
rr—)r be want 2
1 h T; . lOOl( o"‘“ m
30k 5o Loke ‘/)=(< 4.0kg —*f%j;\z\D \ and M,

What is the tension in the cord at X?
— - _
A. 2.0N T |+ T, =M O

B. 6.0N 2 TN
7/2: (3+0)(1) = .0

)
31. e .‘:ﬂe* )
A 5.0 kg block remains stationary on an inclined surface.

2
a5, U mo
What is the friction force acting on the block?

7m0

C. 44N c .
D. 49N e, -0y,
0101 [ :mgvr\D\S: s (9.¢) Sm(?\s“):z’o«’}
32. fr
An object is sliding down an inclined plane at a constant speed.
Ny
N

Which of the following represents the free-body diagram for the object?
A. /\ B. ( ) \<
J ‘ J )

16



33.

A 45 kg woman is standing in an elevator that is accelerating downwards at 2.0 m/s?>. What
force (normal force) does the elevator floor exert on the woman’s feet during this acceleration?

é__—%ﬁ@ M E, (Y\S“(’L NN

C. 440N _
D. 530N (V\fj"“’\"’\‘pw

34, )M 9 o 23S~

A 15 kg block is pushed up a 35° incline. A friction force of 110 N exists between the block
and the incline.

™ 9\\3 }], ™ ) .
What minimum force F, would be necesgary to move the block up the incline at a constant
speed? e. O

A 26N (:~(: —N\g»@

B. 84N Fr

C. 150 4
F: (::Cr +m5//

17
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Scholarship Questions:
9401
35.

i. A 32.0 kg box is placed on a scale in an elevator. The total mass of the elevator plus contents is725
kg. Suddenly, the supporting cabie breaks and the elevator accelerates downwards, restricted only by
emergency brakes which drag along the walls of the shaft. While the elevator is falling, the scale

reads210 N.
a) Draw a free body diagram in the space below showing the forces acting on the box while the
elevator is accelerating downwards. (2 marks)
? M

mY
b) What is the acceleration of the elevator? (4 marks)
b WiV be the same as fhe box

N\%~ﬁ, <M 6

\)

(\’\5”(:«\) -0 D N (37-)(01\?)";“0
M 372

3.0 M2

\)

C

¢) What is the magnitude of the frictional force of the brakes against the walls of the
shaft? (4 marks)

(:’(JJD 0(1 Q\Q\JO\\’?J;

: e - E -Me
L s - e - (929)(ag) -(Fa5)(3.0)

o) Fr 3

F-Ff Z L/‘?VIO /\/

18
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%, Fu,
A hanging 3.0 kg mass is attached to an 8.0 kgyblock on a ramp inclined at 30° to the horizontal. The
coefficient of friction betweez,t .0 kg lyg(\ and the ramp is 0.26 and the pulley is frictionless.

fr 8.0 kg

I:‘3.0kg

M\G)// \lmlo)

What is the acceleration of the 8.0 kg block down this ramp?

(10 marks)

_ M O
b fr bO'Hr\ ‘OOH'\
(V\’k(t) +M\"ﬁ,/ "/\/\ (:N :mbo\’\,\O\
m FM 06 S A3D - —
nd TS /UMY T M o
{V\%% {‘f\'\\0)$ln3o ~/\,\(V\\(§CD5 20 -

M, F

\

Yag) +9(at)sinzo ~(20) (¢)(4.8) 2530 _ 4

(|

o~ = Z_[Q N\/él

19
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37.

i. A rocket accelerates at 25 m/s2 from rest on a frictioniess inclined surface. The rocket stops firing at
the instant it leaves the incline.

m?
S o /
i ‘\\“ Vo : D
2° \/]Q Z 7

If air resistance is negligible, what is the distance R to the point of impact? (12 marks)

\/F’L o \/{1 ’\“10\4

"%’-{ou(%) (132.0) = €1.3 "%

1
P\ T\/ o<t e
.-,A‘/\, \ﬁ‘ S ?\3%\/\37_ - Ll%l

.
V=¥l es 326 41

,\)JULA HMQ 0(,‘ g\ll?)\'\"‘ ".SU‘V‘Q v r )(“‘(‘4\\\57
dg Yy b thok”

“30 = Ll%'( ~L|01€Q

Lot ~ual b =3oco  use quad, Form,

[ 5

{\)Ow) ‘\/ (’ Iy J(

AX:(G%M)(IO.'L) = 103 o

20



38.

The apparatus shown in the diagram below consists of a box of masses connected by a light string to

a hanger. The box is moving up the incline at a constant speed. €~ o~ = o

A

=0.450 kg M
Fer ‘\‘ ,L

/\A:M %’MC)SM\-’J’

NI==W)
y I m, = 0.350 kg
5 35° m | 7 ]
!b\ ¢ m Mo.(?
a) What is the coefficient of friction between tﬁe box and the incline? (5 marks)
M - - M -~ -
) +T-T o, =, ®
MQ(S /(‘/\l(i)gif\gs "/\AE ;O
™ 3 .
M’h J "M Sin3S - m my
'3\6“(\/\\0‘)3\(\%5 :/\AMIOJL
LS 1951035 . 0.4 G
1 9 1

b) 1f0.150 kg of mass is transferred from the lg)ox to the hanger, what is the acceleration

of the system?

M'&Oc) - Ny 0)//..

Ma® =M 0 SN 2§ b

Mmoj l f"\\bb S\ndy

Maf) T Gy iy /MM g

c-as EXN

~ - m Ch

fir bOJf\/\ botl,
- Mbol’\n “

a m'ojt, - mboH« @

Mkn\'\n

(). - () (e y) sia3s —(249)(3)(a,5) cos 35

~

o v 3,2 M2

Y

(7 marks)

m, =z.
%

21
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39.

Two masses are connected by a light string which passes over a frictionless pulley as shown.
The coefficient of friction between the 2.5 kg mass and the surface is 0.33.

<z u=033 LH

fr N4
2701 . T+ M
47\,“ A t//M M./ ’a %
19/
a) Find the acceleration of t‘h system of masses. (7 marks)

) - - ~-F. oz Ca
10‘) T+ T ("\“5// 6 b

{V\')\O\) - N\\O)/’ _/V\(:/\J kaohﬁo\

w -
») ™, AN M e

Mooy -m o S,
N v} - ~ ;
% \G-3 /\’UV\\ CDSQ\'} SN o 2 3,@ ”\/52
2. x4
b) Find the tension in the string. (5 marks)

(_00\4 ok Mmaess 1
Moo= T=m o

T ("\105 "M, o (M.L()(q,g) - [q,q) (3«0

TC PRSP NN

22
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40.

A 1.5 kg block slides from rest down a ramp inclined at 20° from the horizontal. The graph
below shows how the displacement, d, of the block from the top of the ramp varies with the square

of the time, ¢, after relecase.

Brom re%\') dvs Cl:%lw%o\{fl
) 0.6
So ‘}» ’ RS
0.5 d=)a t
1
0.4 /-’ Cl {
d(m) 03 // ? s S e «/ZC\
02| LA
0.1 el
/
0
0 02 04 06 08 1.0 1.2
aty
a) What is the block’s acceleration down the ramp? (5 marks)
C\ :S\aq:'c\ ({O\Z,q”‘}
s
\ i ¢e SO . oy 2,833 /"‘/Sz
0 z S
S P run 1 -0

C
b) What is the coeffi 'er?tyfﬁriction between the block and the ramp? (7 marks)
¢
\ Mg 7] r
L c
g M —- — : m
L/ ) / M 9\
™M
6/7

e)%l'n L0~ m gCos 10 = A

& S\n10 - & > . A.8Sinto- 63
—__’-"—/ - -

.y (¢
6C7>S"UD 23



WO R WD =

Answers:

o o0 o oo

a) see my solution b) m=16 kg
a
b

.2)50.3 N b)26.2 N ¢) 2.1 m/s’
.a
.a) 1.8 m/s* b) 13.3 kg

. a) see my key b) 7.3 m/s
.C
.a) see my key b) 5.7 m/s

QoA 0o aon

.b)3.24 m/s* ¢)4.76 x 10° N
. 4.6 m/s*

.7.0x10° m

.a) 0.249 b) 3.27 m/s*
.a)3.6m/s’ b)27.3N

.a) 0.83 m/s® b)0.27
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