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CONSTRUCTED RESPONSE ANSWER KEY

ALTERNATE SOLUTIONS ARE POSSIBLE AND SHOULD BE SCORED
APPROPRIATELY.

41.

\I?
tanfd=—=
v

=
3.9
tan & = +—n'51-
4.0—

5

tan &= 0.80

tan™'(0.80) = &

#=39°

vt

Vresultant

Horizontal Vertical Angle (8)
d,=unknown dy=+52 m Adg=?
ve=+3.2 mfs vy=+4.0 m/s Vies=uUnknown
t=unknown t=unknown t=unknown

d
co539° =—L—
Ad

res

0g =22
Ad

-]

Foe
T
Ad_ =67Tm

Ad

Final Answer: The object’s displacement is 67 m [N39° E].

POINT VALUE:

| point for diagram (vector — either velocity or displacement)
l point for angle
2 points for getting Ad




42, If Pivot point is at B
mass of dump truck (my)= 2.00 x 10* kg rr=16.0m Fgr=1.96 x 10° N

mass of bridge (my) = 1.25 x 10° kg n=12.0m Fgp=1.23 x 10°N

Students must demonstrate a knowledge that the sum of the torques about a given pivot point is
0 and that the net force is 0.

F,=mg 7=Fr

z7=0
~1.23%10°Nx12.0m-1.96x 10°N x 16.0m +F, x 24 =0

F, =743x10°N up

EF=0
F, +F+Eqy+F, =0

+7.43x10°N + F, —1.96 X 10°N - 1.225x 10°N = 0

F, =6.78 x10°N up

FINAL ANSWER: Pillar A supporis 7.43 x 10° N and Pillar B supports 6.78 x 10° N,

POINT VALUE: 2 points for torque calculation

1 point for Fy
I point for Fg




43, Given: m, is4.0 kg a=2.0m/s®

‘F.-.\'Ef' =ma

F,-F,=(m,+m)a

m,g —mg =md+m,a

m,g —m,a =matnmg

= (@+g) _ 4.0kg(2.0m/s* +9.8m/s”)

= =6.1kg
: g-a (9.8m/s” —2.0m/s*)
F=ma
F,-F, =ma
F. =ma+mg=m(a+g)=(40kg)(2.0m/s* +9.8m/s”)
F.=4TN

[ FINAL ANSWER: The mass on the right is 6.1 kg, and the tension is 47 N.

POINT VALUE: 3 points for mass and 2 points for tension

44 Mass of green car (mg) = 1.00 x 10° kg Mass of red car (m; ) = 1.50 x 10° kg
Initial v of green car (vy) = 30 m/s [E] Initial v of red car (v4) 25 mfs [E 37.0° N]

Pgi

Xpi

Students need to show solving of components if they are using component method.

v, =Vv,cosé Vi = Vysing Vi = Ve cOSE Vi = Ve SN G

V,, = 25c0s37 V., = 25sin37 Vi =24.1c0832.6 v, =24.1sin32.6

v, =+200m/s v, = +150m/s v, =+203m/s V5 = +13.0m/s
BEFORE AFTER

m,=1.00 x 10" kg m=1.50x 10°kg | m=1.00 x10" kg m,=1.50 x 10" kg

Vix=+30.0m/s Viix=+20.0m/s Vier=+20.3 mfs V=7 m/s

V=0 m/s Viy=+15.0m/s V= +13.0 m/s V=1 m/s j




}"ﬁ}u = Z]B,&

mVe tmy, =myv, tmpy,

1.00 x 10°kg x{+3{]-?} +1.50x 10" kg x (+m?}= 1.00 x10* kg x (+2{1.3Es} +1.50 x10’kg x ¥},
+6.00% 10* kg? =+2.03 % 1{}“;.;355 +1.50%10%kg x7,,

+3.9?x][}‘kg% =1.50x10°kgx v,

Vg = +26.57

Eﬁey = Ez’;_f i

MV TV =MV +my,

1.00 x10° kg x(0=) +1.50 x 10°kg X (+15—=) = 1.00x 10 kg x (+13.0-2) + 1.50x 10 kg x ¥,
8 8 5

+2.25% m‘*kgﬂl =+13x% lﬂ‘kgE +1.50% 10° ke x ﬁd:,
5 8 '

+9.50x 10°kg— = 1.50x 10°kg x ¥,
: .

v,y = +6.332
5
Vi \ Vify
¥rfx
q o ¥
Ve =Tl V2 tang=—=-
V‘:ﬁ.
+6.332
V2 = (+6.337)" +(+26.5 ) tan@= 5
5 s +26.52
5
ml
ﬁ; =742 — tan'0.239=¢
5
v, =2722 0=13.4°

The final velocity of the red car is 27.2 m/s [E13.4 N].

POINT VALUES: 1 point for diagram, 2 points for magnitude and direction of final answer, 5
points for method




45. Students need to break the imitial velocity into components.

Horizontal Vertical = = o
vi=430.6m/s | viy=+25.7 m/s Y TEO080 Yy = VY
=7 Ad,=+630m 7, =402 cosd0 ¥, = 40"sind0

5 5
a, =-9.8 m/s*
: 7, =+30.6— 7 =4257=
(=? . ' 4

Ad, = ﬁi}.m+1avm2
2 -

+6.30m =+25.7 = m%(—g.s%mz
s 5

This can be put into the quadratic formula to get
At=0.258 s or 4.99 5

Then: note: solving for vy, and then ¢ is acceptable

d =7v At

d, = +30.62x4.99s
§

d, =+153m

The horizontal distance the ball travels is 153 m.

POINT VALUES: | point for
components, 1 point for answer, remaining 3 points for method.



46.a)

A
Fr
@
L POINT VALUE: 1 point

b} "
GIVEN: F.=ma_
v=3.20 m/s = = A
m= 80.0 kg F; + F, =ma,
r=4.00m v

F; — mg =80.0 kg x—

- (3.20 2y
F. —80.0 kg(9.8 —) =80.0 kg x ————
T e 5" 400m

F,—784 N=205N

F; = +989N
The tension will be 989 N POINT VALUE: 1 point for final answer, 2 points for method
c)
Fr =1800. N
Vmin= 7
B=R+R
E =1800 N —mg E =1800 N-784 N

2
mv” _ 016N vi= {1016MNMr)
r m
vi=51.02
5
v=7.13 2
s
POINT VALUE: 1 point for final answer

The minimum speed will be 7.13 m/s 1 point for method




47.

GIVEN:
I'I'|1=4D.ﬂ kg
mz= 40.0 kg
=800 m
G=6.67 X 10" Nm*/kg’
F = @%ﬂ’.&

T

Z
6.67 X 1[:-'“N—m2 (40.0kg)(40.0kg)
F, = kg
g (8.00 m)*

F,=167x10" N

The gravitational force of attraction is 1.67 X 10° N. | POINT VALUE: answer 1, method 1

b)
Fs Q-IP—L

|7
J

F,a—" We do not want to have a change inF,
T

so therefore we need to figure out how to get a 2 on the bottom
of the expression.

2m
For—d

2r”

2m
e 2r)?
-JE > I = NEwWr
1.41% 8.00m = 11.3m

The new radius would have tobe 11.3 m | POINT VALUE: answer 1, method 1.

c) i) The strength of the gravitational field diminishes with the square of the separation, but is
still significant at this distance. POINT VALUE: |

ii) This answer should include an understanding that there is an absence of an interaction
force when one “feels” weightless. POINT VALUE: 1




LT e B
L g fm m 11
k

T, =v3(T)) =/3%0.12s=0.21s

The period for the heavier mass is 0.21 s.

POINT VALUE: answer 1, method 1

49. A) The positive peak is induced by the North pole and the negative peak is induced by the

South pole.

POINT VALUE: 1

B) The South pole of the magnet goes through the coil after the North pole, and will be
going faster due to gravitational acceleration. The higher speed creates a higher potential.

POINT VALUE: 2

C) The sketch should show a negative peak first, followed by a slightly higher positive peak.

50. GIVEN:

Qa=+45 uC

QE=+3ﬁ _H.C

Qc=~55 jLC
[‘,qﬂ=ﬂ.ﬂ32ﬂ m
rpe=0.0470 m

k=9.0 X10° Nm?/kg?

r_-kQuQ
G5

Nm?

B =

POINT VALUE: 2

9.0X10° == (36,0 107C)(55.0x10C)
g

BC

(0.0470 m)*
Fpe =8.07x10° N —




2
9.0 X 11;]‘*2—““3(45.[1 x10°C)(36.0 x10°°C)
2

F.. =
g (0.0320 m)’
F,, =142x10° N {
Fpe
)
Fas
Fp
FHI = n(‘.z +F,a.Bl 4 tan g = ZAR
F,° =(8.07x10°N)’ + (1.42 X 10*N)’ Fac
F, =1.63x10* N 1.42x10'N
tanf=——————e—
8.07x10°N
tan '(1.76) =8
g =60.4°

The net force acting on charge B is 1.63 X 10* N [E 60.4°S].

POINT VALUE: diagram 1 point
each force 1 point
magnitude and direction of final answer 2 points

10




CASE STUDY ANSWER KEY
0
A) fuel, moderator, and coolant

POINT VALUE: 1 pt (all or nothing)

B)
238 1 239
el B o S 8
239
az

239
o3

239 235 4
o Pu— . U+, He

239 0
U—",Np+_.e

Np — 5, Pu+_e

(neutron, beta, beta, alpha particle)
POINT VALUE: 2 points (0.5 points each), alternate expressions for beta and alpha accepted)

C)
1) approximately 0.7 for Uranium — 235
approximately 4.5 for Uranium — 238

POINT VALUE: 1 pt (0.5 for each)

1)
The half-life of Uranium-235 is shorter than that of U-238.
The relative concentration of 1J-235 to U-238 decreased to the point that the nuclear reaction

could no longer be sustained.

Students should connect the knowledge that half-lives of the elements are different (based on
the graphs), which will change the relative concentration of the Uranium isotopes.

POINT VALUE: 1 point
0.5 if they state half-life as the cause
0.5 if they state how the ratio affects the chain reaction

D) Control Rods act as neutron absorbers  POINT VALUE: | point

11



E)

e §) + ,n —3;n  + '"Ba  + ZKr
235044 u+1.009u — 3(1.009 u) + 140.883 u +91.905u
236.053u — 2358150

mass defect = 236.053 u-235.815u

mass defect = 0.238 u

0.238 u x1.6605 x107 = 3.95x10%kg
u

A
E=mc

E= 3.95x10*kg x(3.00x10" )?
5

E=3.56x10™ ——
atom

[The amount of energy, in Joules per atom is 3.56 X 0

POINT VALUE: 4 points The following breakdown is for the method shown above.
2 points for mass defect
2 points for energy per atom




