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Note: This worksheet does not cover oscillatory motion.

Pt 1: Mechanical Energy

Pt 2: Hooke’s Law and Elastic Potential Energy

Pt 3: Graphical Representation of Hooke’s Law

Pt 4: Elastic Potential Energy and Conservation of Energy

Pt 5: Work and Power

/5 marks
___/ 6 marks
___/ 6 marks
/4 marks

/7 marks
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Part 1 — Mechanical Energy

Use the following information to answer Q1:

Rollercoaster Design

Assume that the rollercoaster is frictionless, and that the cart is stationary at Position A. The empty
cart has a mass of 550 kg.

Q1: How much potential energy does the cart have while at Position A?

a. 1.37x10°N Ep= mah
b. 1.37x10%) z (%50'43)(‘7- 8 Y52) (14O )
7.55x10° N = 2 E55x

@ 7.55x10°J

Q2: How fast is the cart travelling when it reaches Position B?

a. 149m/s Eca® 365 =05 T E<x:2eav®

b. 17.6m/s EP° cgh = 5.3x10%x 2.d3x05 3= —‘5(5‘5olc8)v2
21.0m/s Ck® Em- Ep= 23 %05y v2-8829

@ 29.7m/s Vs 29.3

Q3: How long will it take the cart to get from Position C to Position D?
Ee = %55 x10° T

@ 355 £p = mgh = (550 )(2.81)80) = 43(,840>"
c. 40s EM”EM-EP-' 32379203
d. 6.1s E\l"-ﬁmvz =%
3237 3%0F = %(55015.3)\/2' 120
34.3™/ =
2-137.2 .

vz 34,3 s L= 355
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Q4: (Long Answer) A mass on a pendulum is raised 35°, as depicted below. How fast is it travelling when it
reaches the very bottom of its arc? (2 marks)

-
Cos O° 4
\3’*’ & Cos35 =2 ,’0\5

A20.9829282m

-

14‘( —> Fx
h = %eau?
mMgh = 2N

T h= $v*
Ob
AhI ' v Cq.8')<l.2‘0.932782) - ‘é\ll
- V = 2.0%F ™)
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Part 2 — Hooke’s Law and Elastic Potential Energy

Q5: (Long Answer) What is the mass of the unknown mass below, in grams, if a 100g mass stretches the
spring a distance of 9.5cm? (2 marks)

| )

Pt
Fa=Kkx
e - 100 FEI - Fﬂ
= S mq = Kx
53__5_' fy= g (o‘uéj)[q-& s?) = I (0.095.)
E 3 [ 142103263 7]
ggg Pt 2
¥ fo <k <
e Fu - F
@ d-re
Mg > kX
(48152 ) = (0. 3263 )(0. 30)
Fg79 (07O, 35789... kg

MY by
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Use the following information to answer Q6 and Q7:

Diagram 1 Diagram 2

The 1kg mass stretches the spring in Diagram 2 from 15.0 cm to 17.2 cm long.
Directions

*0

Q6: The directions of forces acting on mass B can be described using the numbers given above.

Direction: Jé i | _J 6 T5

Force: Gravity on mass  Restoring Force  Gravity on mass  Restoring Force

in Diagram 1 on spring in in Diagram 2 on spring in
Diagram 1 Diagram 2

(Record your four digit answer in the Numerical Response boxes below)

614] 4] 5

Q7: The spring constant of the spring in Diagram 2 is

a. 5.7x10"N/m AX=22¢01 =0.022¢,
b. 4.5N/m L
c. 5.7x10'N/m mq = &x

4.5x10°N/m C1eg)A.810f2) = (o022,
k>UNE. G Men
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Use the following information to answer Q8 and Q9:

A spring of spring constant 27.0 N/m is stretched by a hanging mass, as depicted below.

Support
AL AAAT LSS

Spring

+—————Pointer

Weight

The scale measures in centimeters.

Q8: What is the mass of the hanging weight?

a. 0.09kg % : R

@® o.11kg ong = lex

c. 9.08 kg ' 2) - A N o/

d. 11.00 kg (2.81~52) = (23.0 Mo )(0.0Yen)
m =0, llO}fj

Q9: The spring has a.bc x 10 Joules of elastic potential energy stored, where a, b, ¢, and d are

e ,___,and __.

(Record your four digit answer in the Numerical Response boxes below)

Ep= tkx?*
ANAE p-z
= 2(279.0 M) 0.0 m) *
=O0.0216T
¥ 206x1072% T
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Part 3 — Graphical Representations of Hooke’s Law

Use the following information to answer Q10 and Q11:

Graph of Force versus Distance for a Spring
F(N)
10
c v = Favz.'.
i |
\ |
N [
0 d (cm
IR * 10 o 20 (cm)
12¢vn
Q10: What is the spring constant of this spring?
a. 0.5N/m F=Kx
b. 2.0N/m 10/ = 1K(0. 2 )
50.0N/m -
@ / K= 50 A/(M

d. 200.0 N/m

Q11: When stretched 12 cm, there is a.bc x 10 Joules of elastic energy stored in the spring, where
a, b, ¢, and d are , __,__,and

(Record your four digit answer in the Numerical Response boxes below)

3l¢]a] Ep =3k’ or Ep:Acen ondr A
= 5(50 uX012e) > 2 TP TR ONNT gop
= 0,3 T = zbb

= "5-(07'2«\)(61&/)
=0.365"

EP =3.60x0"" -
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Use the following information to answer Q12:

d (cm)
20
Fracture
< > < >
Hooke’s law obeyed Permanent
deformation
& Sy
Elastic region
Q12: The spring constant of this spring is
a. 417N/m boole ot ™ Hooke's lowo obeyed ' section orly.
b. 5.45N/m = kx
{© 4.17x10°N/m
d. 5.45x10%N/m (Bo w) = k (0:12)

=466
4132 M
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Q13: How much force is required to stretch this spring to 12 cm?

SON ool Sown geeph

b. 51N
c. 60N
d. 75N

Q14: (Long Answer) How much elastic potential energy is stored in the spring when it is stretched to

16 cm? (2 marks)

F(N)
b Peo—
v
100 ]1/
50 /1/
40
30 : /'// ’
N pid A
10 / i
0./ d (cm)
qQ**° *10 20 |
Fracture
pd —> %
Hooke's law obeyed Permanent
deformation

Elastic region

Ep® orea vnder Srafk.
Coo'€ vse Ep= Skx™
becavse hooke!s oo [sn't
Obcgzd Lo 12~1bem .

)

3t bbh = 2(0.12X50)
=3

Ay z kw = (0.04X50)
=2

Ay =5 bh = (0.04)(50)
2

A
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Part 4 - Elastic Potential Energy and Conservation of Energy

Use the following information to answer Q15:

A mass of 2kg on a spring on constant 15 N/m is stretched 40cm to the right, then released.

Wall Equilibrium Position

Diagram 1

Diagram 2

Q15: How fast is the mass travelling when it reaches the equilibrium position?

5 1.20x 10" m/s Ep —> Eux
(b) 1.10m/s 2
c. 1.73m/s i"’(l z %P"V 5
d. 3.00m/s (1B o X0 ) * = (2k9) Vv
V 2= ! 102.

Vv = 1.095 e
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Use the following information to answer Q16 and Q17:

Bow and Arrow

ﬁw Force
WON

300 Newtons of force is required to draw a bow & arrow back 0.6 meters.

Q16: (Long Answer) If a 30 g arrow is pointed vertically and released, what is the maximum height the
arrow can achieve? (2 marks)

F’__ lz.x E?’e'c-aﬁ‘c - EP j(cwibabh:(\d
300"//m "/4(0c6m) ‘?L-kxl = h
M 1 (500~ e)(0.6) %= (o-oslfj)@ﬂl s52) h

90 = 0.2943h

7)’) = 305.8lm f

Q17: How fast is the arrow travelling when it is released from the bow?

a. 50.35m/s Ep —= Ewx
2
b. 66.67 m/s .i.kx’l - imv
77.46 m/s . "
d. 141.42m/s 20= 3(0.63)v
v = booco

VER S AN
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Part 5 - Work and Power

Use the following information to answer Q18:

Below is a side-by-side comparison of two popular 2015 motorcycles.

2015 Kawasaki Ninja 300 ABS 2015 BMW R1200GS

Top Speed: 170.6 kph Top Speed: 201.2 kph

0 to 96.6 kph in 5.60 seconds 0 to 96.6 kph in 2.90 seconds
Displacement: 296 cc Displacement: 1170 ec

Curb Weight: 174.0kg Curb Weight: 238.0kg

Weight with an 80.0 kg rider: 254.0 kg Weight with an 80.0 kg rider: 318.0 kg
MSRP: §5.299.00 MSRP: $16,175.90

Assume that the 0 to 96.6 kph times were measured with an 80.0 kg rider on the motorcycle.

Q18: (Long Answer) How powerful, in Watts, is each motorcycle? (4 marks)

6.6 lzph =34t 26.83m

2
P, = AE . frov? gzsvzj)éé-8$”/s) - 993 L [16,329.2 |

At - t‘ 5'.63 5-I£

N
3
<

2
Oupo + 26+ eow? 2 (31869 X2623)> 11y, ygd NECRTER

Dt e W
N 29 2.
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Q19: Renatta Gass is out with her friends. Misfortune occurs and Renatta and her friends find

themselves getting a workout. They apply a cumulative force of 1080 N to push the car 218 m to the
nearest fuel station. Determine the work done on the car.

a. 4.95) W EF-

b. 7.30x10%) :(;ogo,d\(zlgm)
c. 130x10°) = 235,407
(d) 2.35x10°) &~ 2.36x(05T

Q20: Hans Full is pulling on a rope to drag his backpack to school across the ice. He pulls upwards and
rightwards with a force of 22.9 Newtons at an angle of 35 degrees above the horizontal to drag his

backpack a horizontal distance of 129 meters to the right. Determine the work (in Joules) done upon the
backpack.

W=F, & /
a. 24199N - SO . J\

35
24199 ) —>
C? 2954.1 N =(22.9 cos 35X'2q) jL/ Es = Feos®
d. 2954.1) =249.9 T

Q21: Lamar Gant, U.S. powerlifting star, became the first man to deadlift five times his own body weight
in 1985. Deadlifting involves raising a loaded barbell from the floor to a position above the head with
outstretched arms. The work done by Lamar in deadlifting 300 kg to a height of 0.90 m above the
ground is a.bc x 10° J, where @, b, c,anddare __, __, ___,and

(Record your four digit answer in the Numerical Response boxes below)

TRl W2
- e cmh
E

Pfg?oo Ya.61 Xo.90 )

2648.3 X

X 2.65 *0°T

“



