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CONSTRUCTED RESPONSE ANSWER KEY

Alternative solutions should be scored appropriately.
Rounding of chained calculations in a calculator may result in small differences.

41.

Resultant

Component Solution

¥ F, = (200.0N *c0s7.00°) + (250.0N *cos30.0°)
Y. F, = (200.0N «0.993) + (250.0N *0.866)
Y F, =199N+ 217N = 416N value: 1

Y. F, =(200.0N *5in7.00°) +(~250.0N *5in30.0°)
¥ F, = (200.0N *0.122) +(-250.0N *0.500)
Y F,=244N-125N =-10IN value: 1

]| =J(416 N)’ +(~101 N)? = 428N

tanp= = JOIN _ o3
+ 416N
#=13.6"

The resultant force is 428N [E13.6°5] value: 1



42.

T,, = 235N *c0s70.0° = 80.4N
3y = 235N *5in70.0° = 221N
7. |=|T.,| =80.4N

I1;.| =|T}|cos 40.0°

T =—lTL‘| =105N
| | cos40.0°

T,, =T;sin40.0° =105Nsin40.0° = 67.5N
> T, =67.5N +221IN = 289N

AR PN

F,=mg and m=

The mass of the suspended block is 29.5 kg.

value:

value:

value:

value:

value;

0.5
0.5




43.

F, =mg =35.0 kg»9.80 m/s* =343 N
F,, =mg cosl2.0°
F, =mgcos12.0°=(35.0kg *9.80m/s* »0.978) = 336N

F,, =mgsinl12.0°=(35.0 kg*9.80m/s* «0.208) =71.3 N

F, = uF, =0.100+336 N=33.6 N

F

WET
~F,-F

g

-33.6 N-71.3N+F, =(35.0 kg 2.30m/s*)
F,=185N

=mia

+F, =ma

value: 1

value:1

value:

value :

value:



A)
p :
¥ B,
1737
e

Pri value: 2
B)
f’,r zm,r{;r’
|B,| = (5.00x10"kg +3.00x10" kg)(16.4m/s) = (8.00x10°kg)(16.4m/s) =1 31x10°kg mv/s

value: |
P =(1.31x10° kg m/s)cos17.3" =1.25x10" kg m/s East value: 0.5
P, =(1.31x10" kg m/s)sin17.3" = 3.90x10° kg m/s North value: 0.5
P."E o P.fr =mrﬂ1!vmd
2 F oo
i S XGOS ooty sri B value: 0.5
m, 5.00<10° kg
Pgl' = P_'Fy = mqrrnnvgmn
4
Vyreen = PS5 0000 lv;g L 13.0 m/s North value: 0.5
M yreen 3.00x10° kg
.. . . : km/h
A speed limit of 50.0 km/h is equivalent to 13,9 m/s (50.0 km/h + 3.6 ).
s
Therefore, only the red truck was speeding (25.0 m/s > 13.9 m/s). value: 1
Q)
. . , S ;
Kf:’l'm'n&r = I1r|il,'h.l':':z' + Kf‘grﬂu e E”lrm'vna’ + E"ngrrzn Vgreen
KE. =%{5.ﬂﬂxlﬂ3kg}(25.{]nﬁs}: +—;-{3.nn><m3kg)(13.nw5f
KE, . =156x10°T+2.54x10°T =1.81x10°J value: 0.5
1 5 1 : 5

KE = 5mv” =E(3,ﬂﬂxm‘kg}(m.4nﬁs}- =1.08x10°] value: 0.5
KE, , =KE, ., —KE ., =1.81x10°1 -1.08x10°J = 7.30x10°J value: 1




45.

Velocity Components

v, = |F,|cosﬁ'
v, =18.1cos 22.5°
v, =16.7m/s

v, = |F,|sin5‘
v, =18.1sin22.5°
v, =6.93m/s

Horizontal Analysis

Ad, =v Mt
Ay
Vx
_ 16.5m
16.7m/s
Ar=0.988s
Vertical Analysis

Ad, =v, At +0.5a,A1°

Ad |, = (6.93m/s)(0.988s) + 0.5(—9.8m/s* }(0.988s)’
Ad, =(6.85m) +(~4.78m)

Ad, =2.07m

value: 1

value: 1

value: 2

The ball is 2.07m high when it has travelled 16.5m, which is below the top of the net

(which is 2.42m high). She scores a goal!

value: 1



value: 2
(0.5pt for proper arrow directions, 0.5pt for labeling each force)

B) The force that is responsible for the centripetal force is the normal force created by the
wall of the ride.

value: 1
C) Applying Newton’s Second Law to the vertical forces, we get
Fﬁé‘]’ = Fﬂa
ﬁr + f_*:‘ = mda
But @ =0, s0
'E‘.f =—F,
F,=-mg
_f . value: 1
F, = —(75.0kg)(—9.80m/s")
F, =735N

D) In this situation, the required centripetal force is provided by the normal force of the
wall

F= my
=
. mv
Iy = 2 value: 1
i (TS.ﬂkg}{lT.ﬁmfsf
= 7.00m
F, =3320N
Ff
H F,
735N
H= value: 1
A320N
H=0221

The minimum coefficient of friction required is 0.221.




47.
A) The students need to draw an appropriate line of best fit similar to the one shown.

Force vs. Lz
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B) The slope of the line of best fit will be equal to:
_ﬂ iy

Ax X
sample points chosen are (1.60 x10°, 5.00 x10"™) and (10.00 x10°, 32.00 x10%)
- 32.00x10 " N-5.00x10°N

10.00x10°m™ =1.60x10"'m™
s 27.0x10°N

8.40x10°m™

m=321x10"Nm*

The slope of the line of best fit is approximately 3.21 x107" Nm’, value: 1




C) To determine the value of G, the students should show the universal gravitation
formula and indicate that the slope of the line represents Gm;m; and solve.

Gm m,
F, =

1
£, =mm, X—

The slope of the graph must therefore equal Gm;m..

Gm,m, =3.21x10™"' Nm?

= 3.21x107"' Nm?
?”’I"I’.‘. [ %
3.21x107" Nm? i

"7 (0.700kg)(0.700kg)
G =6.55%x107" Nm*/kg*
D) The gravitational constant is universal, meaning that it would not change if you move
the experiment to the moon.

value: 2




48.

A) Six oscillations
B)
_ time
#of cycles
T = 35s
6
T=058¢

value: 1

value: 0.5

value: 0.5

11




49,

A)
A
current A
time
v
value: 2
(1pt for shape, 1pt for second peak being larger)
B)
F F
A B

value: 3
(2pts for fields, 1pt for forces)

12




9.0%10° Nm?*/C? )(5n.>< 10°°C)

Note: This is directed at an angle [N 53° W]

kg, (9.0x10°Nm*/C?)(30.x107°C)

~19x10° N
£
E,| ={1~1><1ﬂ§ %]sin:??f =3.8><m‘*%

E |= |.1><mSH 00353°=6,ﬁx1[}45
Ay C C

= |E,,|+|E,| = 6.6x10* %+ 1.9x10° % = 2.6><1D5%

=|E,|=8.8x10 =

- 2 3
VIES +IE?'|2 = J[3-3X1D4—E] it (2,6x1[}5%] = Z_Txlﬂ”%{
\

S.Sxm‘ﬂ

E=27x10
C

value: (0.5

value: (0.5

value: 0.5

value: 0.5

value: 2

13




51.

A)

B)

C)

D)

E)

14

One neutron leads to the release of three neutrons, which can trigger three more
fissions.

value: 1
Heavy water is used as a coolant and as a moderator.
value: 1
bl ———— =30 Uranium atoms value: 2
200MeV/atom of Uranium

Possible answers include
¢ major accident (meltdown) — very low risk
radiation emission — extremely low risk
discharge of radioactive material — low risk
terrorism — variable risk depending on location
transportation and storage of radioactive waste — low risk  value: 2

Students must note the lack of visible emissions at the plant (CO,, NO,, etc.).
They should also mention associated pollution such as spent fuel, uranium mining
pollution, and heat discharge into the atmosphere and surface water near the plant.
Students may raise other valid points but must address both sides of the statement.
One point of the value is to be assigned to the quality of the written presentation.
value: 4




A)

B)

C)

D)

E)

14

One neutron leads to the release of three neutrons, which can trigger three more
fissions.

value: 1
Heavy water is used as a coolant and as a moderator.
value: 1
vV
SERI . = 30 Uranium atoms value: 2
200MeV/atom of Uranium

Possible answers include
¢ major accident (meltdown) — very low risk
radiation emission — extremely low risk
discharge of radioactive material — low risk
terrorism — variable risk depending on location
transportation and storage of radioactive waste — low risk  value: 2

Students must note the lack of visible emissions at the plant (CO,, NO,, etc.).

They should also mention associated pollution such as spent fuel, uranium mining

pollution, and heat discharge into the atmosphere and surface water near the plant.

Students may raise other valid points but must address both sides of the statement.

One point of the value is to be assigned to the quality of the written presentation.
value: 4




