RTD Physics 30
UNIT 1 REVIEW - SOLUTIONS @ RTD EXAM PREP

1. a) Uniform motion (balanced forces)

FI=F|
F=mg
= (470kg) (9.81 N/kg) = 4610.7 N
= 4.61kN
b) v=% d=vt

= (280mfs) (5.505) = 154 m

2. a) Uniform acceleration (unbalanced forces)

F.,=ma
F+F, =ma
F +(-87)=(35)+1.62) Fy
F = 1437N
= 144 Nright
b) v, =0 ; a=162m/s> ; d=440m ; t?
J_ o 1_ 2 2
d:vit+5at d =0.5at
t= L = L = 2733s
0.5a 0.5(1.62)

Unit 1 Review - Solutions
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470 kg

Fq=mg

Ref: Right +, Left —

a =1.62 m/s
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RTD Physics 30 Unit 1 Review - Solutions

- 1000 m
3. m=1400kg ; V,=36x 36008 10 m/s Ref: East +, West —

I =-750x10°N-s ; V,?

T _ 3
I =FAt=m AV szl_ = 150x107 = -5.357 m/s
m 1400

V, =AV+V,
= (-5.357m/s) + (10 m/s) = 4.64 m/s East

vV, =11.7m/s Ref: Up +, Down —

4 m=0620kg ; Vv, = -184m/s ;

t=330x10°%s = 0.330s @ RTD EXAM PREP

a) Eki:%mvf = 0.5(0.620 kg) (18.4 m/s)® = 104.9536
E. =im? = 05 (0.620 kg) (11.7 m/s)*> = 42.4359)
k f 2 f
AE, =E —E,; = (42.4359]) - (104.9536J) = -6251

Thus, the ball lost 62.5 J of kinetic energy.

b) Method 1: F At =m AV

- V m(v, —Vv. — -

E_MAY _ vV, -v) _ 0620(-18.4-117) _ 566N = 56.6 N West
At At 0.330

Method 2:

V-V, 184

gt TV o Z18A-ILT 51500 mys?

t 0.330
F -md = 062kg(-91.212m/s?) = -56.6N = 56.6 N West
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RTD Physics 30 @ RTD EXAM PREP Unit 1 Review - Solutions
S.
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a) Impulse = total area for the first 12 seconds
AL+ A
(8S)(40N) + 05(4s)(40N) = 400 N-s

—

Since V. =0 (starts at rest),

[ =FAt=mAvV l=m(v, -v,) l=mv,
m:L - 200 52 kg
v, 7.75

b) Impulse = total area for the entire 30 seconds
= AL+ A+ A+ A
= (8s)(40N) + 05(4s)(40N) + 0.5(65s)(-50N) + (12s) (=50 N)
= -350N-s

I =maAv I = AP

Thus, the impulse is the change in momentum of the object.

|AB| = 350 Nis
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RTD Physics 30 Unit 1 Review - Solutions

6.

Impulse (I =m AV) is not affected by cushioning. The impulse is the same whether there
IS an airbag or not.

Based on the equation F At=m AV :

m Av . .
= F oc 1 Inverse relationship.

At At

F

The landing mat increases the time to change the stunt person’s momentum,
and thus, it decreases the force on the person.

a) If momentum is conserved, then the total momentum remains constant.
Pri = Pry

Thus, if the total momentum before a collision is 50 kgm/s right, @
then the total momentum after a collision is 50 kgm/s right. RTD EXAM PREP

b) If momentum is conserved, then the impulse on the objects are equal but opposite
(based on Newton’s 3" Law). Since impulse is change in momentum, it follows that
the change in momentum for each object is equal but opposite.

Thus, if the change in momentum of piece 1 is 100 kgm/s North,
then the change in momentum of piece 2 is 100 kgm/s South.

c) If momentum is conserved, then the impulse on the objects are equal but opposite
(based on Newton’s 3™ Law).

Thus, if the impulse on piece 1 during an explosion is 400 Ns upward,
then the impulse on piece 2 during an explosion is 400 Ns downward.
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RTD Physics 30 Unit 1 Review - Solutions
8. a) Conservation of momentum

This assumes that the system is isolated Ref. Right +, Left -
(i.e. the net force on the entire system is zero).

0.250 kg 0.370 kg v?
6.0m/s —-10.0 m/s Boom! -4.0 m/s
1 > < 2 «— 2
pTi = ﬁTf

Py + Poi = Pys + Py
m v, +m,V,, =m Vv, +m,V,,
(0.25) (6.0) + (0.37) (-10) = (0.25) (-4.0) + (0.37) v
-22 =-10 + 037v

“12 - sou3mis = 3.2mis left

V=
0.37

b) To be elastic, total kinetic energy must remain conserved (constant). @ RTD EXAM PREP
Evi =B +En = 1m1V12i +1m2V22i
2 2
= 0.5(0.25) (6)* + 0.5(0.37) (10)> = 231

1, 1 .,
Eka = Eklf + Esz = Emlvlf +Emzvzf

= 0.5(0.25) (4)? + 0.5(0.37) (3.243 = 3.9

Since E,; # E,4 , this collision is not elastic.

About 19 J was lost due to heat / sound.
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RTD Physics 30

@ RTD EXAM PREP

9. Conservation of momentum

Pri = Prs
Pii t Pai = Pras
m, Vi; + M, Vy =My, Vi

M(22)+0=(M +4M)v

12M =5M v
v:ﬂ = 2.4 m/s
5M

Unit 1 Review - Solutions

Ref: North +

10. Since the system starts at rest, the total momentum at the start is zero.
Thus, the total momentum at the end must be zero as well (total remains constant)

Conservation of momentum

pTizﬁTf

(cannon = 1; ball = 2)

0= Py + Pyy

0:m1\71f +m2\72f

m V¢ =—m, ¥,
V- m, V, 3 (3.90)(220) _
H m, 144 -3.90 140.1

= —-6.12m/s = 6.12 m/s backwards

Ref: Forward +, Backward —

(3.90)(220)
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RTD Physics 30 Unit 1 Review - Solutions

11 v, =58 2000 ™M
3600 s

=16.11m/s ; p,=myv, = (1300 kg) (16.11 m/s) = 20,944 kg-m/s (West)

v, =70x% 10%%m =19.44 m/s ; p,=m,v, = (1900 kg) (19.44 m/s) = 36,944 kg-m/s (North)
S
Conservation of momentum
Pri = Pry
P+ P, = P, p2 = 36,944
Solving the triangle,
@ RTD EXAM PREP 9
P, = \/20,9442 +36,944° = 42,468 kg-m/s <
p1 = 20,944
p=mv v=Pe - 42,468 _ 13.3 m/s (or 47.8 km/h)
m,, 1300 +1900
tan @ = 20944 6 =tan"(1.764) = 60.5° N of W (or 29.5° W of N)
20,944
12. Method 1: Using a vector sum triangle @
RTD EXAM PREP
Before the explosion, it is at rest (p = 0)
After the explosion: p, =myv, = (2kg) (72 m/s) = 144 kg-m/s (North)
p, =m,v, = (1.3kg) (61 m/s) = 79.3 kg-m/s (East)
Conservation of momentum 0,=79.3
Pri = Pry 1 2]
0=Pp,+P,+Ps
) . p1 =144
This means that if you add the three vectors together, Da
you get a zero resultant (i.e. it returns to the start)

Solving the triangle,

p, =+144% +79.3° = 164 kg-m/s

tan @ =% 0 =tan*(1.816) = 61.2°S of W (or 28.8° W of S)
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RTD Physics 30 Unit 1 Review - Solutions

12. Method 2: Using components (Ref: NJE+ ; S,W-)

A
p, =myVv, = (2kg) (72 m/s) = 144 kg-m/s (North) p1 = 144 kg-m/s
p =0,; p, = 144kgm/s

=m,v, = (1.3kg) (61 m/s) = 79.3 kg-m/s (East
P, =m,v, = (1.3Kkg) (61 m/s) g-m/s (East) 0, = 79.3 kamis

p,, = 79.3kg-m/s ; P,y =0 > —
Momentum is conserved (in the x- and y- axes)
ﬁTxi = ﬁTxf 0 = ﬁlx + ﬁZX + ﬁSX 0 = O+ 793+ r)3x
Ps =—79.3 kg-m/s
pTyi = pTyf 0= ﬁly+p2y+ﬁ3y 0:144+0+ﬁ3y
Ps, =144 kg-m/s
Finally, solving the triangle, 0
f@ RTD EXAM PREP,
p, =+144% +79.3° = 164 kg-m/s _
Py = 144
tan@ = 24
79.3

0 =tan*(1.816) = 61.2°S of W (or 28.8° W of S)

13. Momentum is conserved (in the x- and y- axes) (Ref: NJE+ ; S,W-)
r)Txi = ﬁTxf r)lxi + r)ZXi = r)le + r)ZXf
15+13=x+20 x =8 kg-m/s
royi = ﬁTyf ﬁlyi + r)Zyi = ﬁlyf + ﬁny
-11+7=y-14 y =10 kg-m/s
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RTD Physics 30

14. Method 1: Components (Ref: NJE+ ; S,W-)

Before the collision:
P, =myv,; = (0.540 kg) (17 m/s) = 9.18 kg-m/s

Unit 1 Review - Solutions

‘ p1i = 9.18 ka-m/s

>_
X; = 918kgm/s ; vy, =0 |
After the collision: Xof .
P, =m,v,, = (0.680 kg) (11 m/s) = 7.48 kg-m/s 27.0° i
E Yo
X :
C0s27° = - 24fB X,, =7.4800527° = 6.665 kg-m/s Par = 748 kg-m/s
sin27° = 22! Y, =—7.48sin27° = —3.396 kg-m/s
7.48
Momentum is conserved (in the x- and y- axes) @ RTD EXAMPREP
Pri = P Xii +Xo = Xig +Xo5
9.18+0=x,; +6.665 Xy =2.515kg-m/s
Pryi = Prys Vi + Yaoi = Var + Yos
0+0=y,;, —3.396 Y. = 3.396 kg-m/s
Solving the triangle,
P, =+2.515% +3.3962 = 4.226 kg-m/s
Pas
Py = 3.396
p=mv V= P o 4226 7.83 m/s :
m, 0.54 0 &
X1t =2.515
ang — 3.396
2.515

6 =tan"(1.35) = 53.5°Nof E (or 36.5°E of N)
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RTD Physics 30 @ RTD EXAM PREP Unit 1 Review - Solutions

Method 2: Triangle Method

P, =myv,;, = (0.540 kg) (17 m/s) = 9.18 kg-m/s

P, =m,v,, = (0.680 kg) (11 m/s) = 7.48 kg-m/s

Conservation of momentum

Pri = Pr¢ Py = Pir + Pyy

p2r = 7.48 kgm/s

B C
p1i = 9.18 kgm/s
Using the cosine law,
c® =a’ +b® - 2abcosC pf =7.487 +9.18% — 2(7.48)(9.18)cos 27°
pl =7.487 +9.18% —2(7.48)(9.18)cos 27° pZ =17.858
p,; =+17.858 = 4.226 kg-m/s
D= mv yo P 4226 o0
m, 0.54
Using the sine law,
sinB _ sinC sin@ _sin 27 sing — sin 27 -(7.48)
b c 748  4.226 4.226
sind = 0.8036 0 =sin*(0.8036) = 53.5°Nof E (or 36.5° E of N)

-10 -
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RTD Physics 30 Unit 1 Review - Solutions

15. a) Ifitisa collision, momentum is conserved. (Assuming it is isolated)

Since they stick together, the collision cannot be elastic (in fact, it is perfectly inelastic).
Thus, total kinetic energy is not conserved, since energy will be lost due to heat and sound.

b) The collision works out to be as follows:

rest rest
O 5.0 m/s O Boom! O O 5.0m/s
> >
2.0 kg 2.0 kg

Momentum is conserved (total is 10 kgm/s before and after).
Total kinetic energy is also conserved (total is 25 J before and after). @ RTD EXAM PREP

Thus, the collision is elastic.

16. Since no angles are given, you cannot solve this problem using conservation of momentum.
However, since the collision is elastic, total kinetic energy is conserved.

EkTi = Eka
Ekli = Eklf + Esz
m1V12i :%mlvlzf +%m2\/§f
m1V12i = m1V12f + m2V22f
(8.0)16)” =(8.0)11)* +5v?
5v? =1080

v? =216
V=4/216 = 14.7m/s
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