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P1. An object starts from rest at A and accelerates uniformly at 3 m/s? until it reaches point
B. At B, the object continues moving east while slowing down uniformly at 2 m/s? until it

stops at point C. Find:

a. The time taken to travel from A to B. (1 point)
b. The speed of the object at point B. (1 point)
c. The position of point C. (2 points)
(A) (B) (©)
~6-5-4-3-2-10 1 2 3 4 x (m)

(a)A—>B:x=x0+vot+%at2—>t=tA_,B=2.58S 6
bMA->Bv=vy,+at->v=0+3-258=774m/s
v2-v3 0—7.742

I _ _
(©)B - C:v* =v§ + 2alx > Ax = e~ 202)

Xe—xg=15m->x,=15+4=19m

P2. A student walks at constant speed alongthe p 0 m, and B = 400 m, as shown.

The total time of the trip is 10 minutes.

a. Find the magnitude of the stud s total displacement (D ). (3 points)

b. Find the magnitude of the s average velocity. (1 point)

—200co0s(60°) + 400 = 300m

D =,/D? + D =V173.22 + 3002 = 346.4m

Ax _ 3464
At 10x60

(b)v = = 0.58m/s

60°

|
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P3. Two masses m; = 3.0 kg and m, = 2.0 kg are in contact on a fixed smooth inclined
surface. A force F with magnitude 39.4 N is applied on m; as shown below, accelerating
both masses together up the incline.

a. Draw the free-body-diagram of the masses m; and m,. (1 point)

b. Find the acceleration of the mass m;. (3 points)

(b)(m) x-axis: F —mygsind — F;, =mya (Eq. 1) @
(m2) x-axis: F,;y —m,g sin@ = mya (Eq. 2)
Adding Egs. (1) and (2) and since F,; = F;, @
F —m,gsinf —m,gsinf = (m; + my)a Q

F—(my +m,)gsinf
- a= =2m/SZ
(m; + my)

P4. A 0.5 — kg ball is released f@ t A, located at a height h = 1.2 m above the top of

an uncompressed vertical spiiiag own. The ball hits the spring and compresses it by a

maximum distance of 0. @ B). Find the spring stiffness constant (k). (4 points)

KE, + PE B o @ (A)
1
0 +mgh =0 g(=y) + Ekyz) "
2mg(h +
k=290 43N ym
y V. @

% Ymax @ (B)
> Ground

JUAIL
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P5. An 80 — kg box is initially at rest at point A. A constant force of 120 N is pushing the
box over a total distance of 12 m, as shown. For the first 7 m (A to B) the floor is smooth and
the last 5 m (B to C) the floor is rough. The speed of the box at point C is 2 m/s. Find the

coefficient of kinetic friction (u;) for the rough surface. (4 points)

From point A to C

= (A) (B) (C)
Wye = AKE + APE-> 1
1 \J370
Wr + WFf = (—mv% - 0) +0- F T~ E---: =r———=
T 2 . I I
€ > € >
F X AC X cos 37° = (mg + Fsin37°)jy, X BC 7 6 5m
1

2
= —-mv
2 Cc

Ur = 0.23 @
)

P6. A structure made up by two uniform Qplates 1s shown below. The two plates

have masses M; = 3 kg and M, = 4 kg. Fin@ the x —coordinate and y —coordinate of the
center-of-mass of the structure, ed from the origin (point O). (4 points)
_ lel + x2M2 @ y
MM+ M,
8x3+5x1 4cm 2cm
e —— D>
3+1 - :
- XCM - 7.25
X
YCM = 10 cm
2ecm M
2X3+7X «—> 2 7Y
=T =211 M
3+1 1
- Yy =3.25cm ! 2 \’4 cm
(O_)T € > X
12 cm
x (cm) y (cm)
M, 12_ 4_
2+ =8 -=2
M, 2_ 10-4_
4+5=5 bt ——=7
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P7. A Ferris wheel of radius 15.0 m rotates at a constant angular speed of 0.200 rad/s. A

passenger of mass 60.0 kg is seated in one of the cabins.

a. Find the passenger’s apparent weight when he is at the topmost position. (2 points)

b. When the motor is switched off the wheel slows down with constant angular
acceleration of magnitude 0.001 rad/s?. Find the number of revolutions completed

by the Ferris wheel before it comes to rest. (2 points)

2
(a) mg — Fy = m% = mw?R

- Fy =mg — mw?R =552 N

2 _ 2 _ wf-f
(b)wf = wi + 2aA0 - A6 = .
G = = 0.2° 20 rad
- =— =
2(=0.001) ¢
46

N = o — N = 3.18 revolutions %
P8. A person holds a ball while keeping his for ofi#ontal, as shown. The forearm has a

weight of 15 N, and its center of mass i m%tom the elbow joint (O). The ball has a
weight of 20 N and is held 35 cm from th ow joint. The biceps tendon is attached 4 cm

from O and exerts an upward forc
a. Find the magnitude of D@orce (F_B)). (2 points)
b. Find the force exerted Ibow joint on the forearm. (2 points)
(a) The second ¢ diequilibrium
(Tnet = OW joint:

Fg X 0.040 = 15—20x0.35=0
> Fz =231N

(b) The first condition of equilibrium:
F,+Fp—15-20=0-

W;=15N W, =20N

F; = =196 N, direction is downward
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P9. Water (p = 103 kg/m3) flows steadily from a wider section of a pipe at ground to a
narrower section located 5 m above it. The pipe radius decreases from 8 cm to 4 cm. The
speed of the water in the wider section is 2.0 m/s, and the pressure there is 150 kPa.
a. Find the speed of the water in the narrower section. (2 points)
b. Find the pressure in the narrower section. (2 points)
(@
Avy = A, @ v, = ﬁ171 = LOSZ
A, 70.042
(b)

1 1
Py +5pvi +pgyl = Py +5pv; +pgy2 = 6
P, = 71 kPa K

P10. The position of a 0.5 — kg mass undergoing simple ha ic oscillation is described by

(2) =8m/s

x = 0.3 - cos(8.0 - t) where x is in meters and t is ing€eon

a. Find the time required for the mass to mo 0 = 0.3 m to x = 0 for the first
time. Q (2 points)
b. Find the spring constant (k). (1 point)
¢. Find the maximum speed of the'mass. (1 point)

(a) The time it takes to Q maximum displacement to the equilibrium position

1s a quarter of period T=="= %ﬂ =0.79s - At = 2 = 0.196s

2
(b)

= 21 2 k_316N m
T = , — = ) - = . /
(C)

1 1, k
Emvmax = EkA = Vmax = A = 2.38m/s




  3   m /  s 2


  2   m /  s 2


  A → B : x =   x  o +   v  o t +  1 2 a   t 2 → t =   t  A → B = 2 . 58   s


  A → B : v =   v  o + a t → v = 0 + 3 ∙ 2 . 58 = 7 . 74   m / s


  B → C :   v 2 =   v 0 2 + 2 a ∆ x → ∆ x =     v 2 −   v 0 2  2 a =   0 −   7 . 74 2  2 ( − 2 ) = 15   m →


    x  c −   x  B = 15   m →   x  C = 15 + 4 = 19   m  


  A = 200   m


  B = 400   m


  10   minutes .


    𝑫   →


    D  x =   A  x +   B  x = A s i n  (  60  o ) +   B  x


  = 200 s i n  (  60  o ) + 0 = 173 . 2   m


  = 200 s i n  (  60  o ) + 0 = 173 . 2   m


    D  y =   A  y +   B  y = − A c o s  (  60  o ) +   B  y = − 200 c o s  (  60  o ) + 400 =   300   m


    D  y =   A  y +   B  y = − A c o s  (  60  o ) +   B  y = − 200 c o s  (  60  o ) + 400 =   300   m


  D =    D  x 2 +   D  y 2 =    173 . 2 2 +  300 2 =   346 . 4   m


    v - =   𝛥 x  𝛥 t =   346 . 4  10 × 60 = 0 . 58   m / s


    m 1 = 3 . 0   kg


    m 2 = 2 . 0   kg


    F   →  


  39 . 4   N


    m 1


    𝒎  𝟏


    𝒎  𝟐


    𝒎  𝟏


  F −   m 1 g  sin ⁡  𝜃 −   F 12 =   m 1 a


    F 21 −   m 2 g  sin ⁡  𝜃 =   m 2 a  


    F 21 =   F 12


  F −   m 1 g  sin ⁡  𝜃 −   m 2 g  sin ⁡  𝜃 =  (   m 1 +   m 2 ) a


  → a =   F −  (   m 1 +   m 2 ) g  sin ⁡  𝜃   (   m 1 +   m 2 ) = 2   m /   s 2


  → a =   F −  (   m 1 +   m 2 ) g  sin ⁡  𝜃   (   m 1 +   m 2 ) = 2   m /   s 2


  0 . 5 − kg


  h = 1 . 2   m


  0 . 2   m


  𝒌


    K E  A +   P E  A =   K E  B +   P E  B


  0 + m g h = 0 +  ( m g ( − y ) +  1 2 k   y 2 )


  0 + m g h = 0 +  ( m g ( − y ) +  1 2 k   y 2 )


  → k =   2 m g ( h + y )    y 2 = 343   N / m


  → k =   2 m g ( h + y )    y 2 = 343   N / m


  80 − kg


  120   N


  12   m


  7   m


  5   m


  2   m / s


   (   𝝁  𝒌 )


    W  N C = 𝛥 K E + 𝛥 P E →


    W  F +   W    F  f r =  (  1 2 m   v  C 2 − 0 ) + 0 →


    W  F +   W    F  f r =  (  1 2 m   v  C 2 − 0 ) + 0 →


  F × A C × c o s   37 ° −  ( m g + F s i n 37 ° )   𝜇  k × B C =  1 2 m   v  C 2


  F × A C × c o s   37 ° −  ( m g + F s i n 37 ° )   𝜇  k × B C =  1 2 m   v  C 2


    𝜇  k = 0 . 23


    𝜇  k = 0 . 23


    M 1 = 3   kg


    M 2 = 1   kg


  𝒙 −


  𝒚 −


    X  C M =     x 1   M 1 +   x 2   M 2    M 1 +   M 2


  =   8 × 3 + 5 × 1  3 + 1


  =   8 × 3 + 5 × 1  3 + 1


  →   X  C M = 7 . 25   c m


  →   X  C M = 7 . 25   c m


    Y  C M =     y 1   M 1 +   y 2   M 2    M 1 +   M 2


  =   2 × 3 + 7 × 1  3 + 1


  =   2 × 3 + 7 × 1  3 + 1


  →   Y  C M = 3 . 25   c m


  →   Y  C M = 3 . 25   c m


  x   ( c m )


  y   ( c m )


    M 1


  2 +  12 2 = 8  


   4 2 = 2


    M 2


  4 +  2 2 = 5


  4 +   10 − 4 2 = 7


  15 . 0   m


  0 . 200   rad / s


  60 . 0   kg


  𝟎 . 𝟎 𝟎 𝟏   𝐫 𝐚 𝐝 /   𝐬  𝟐


  m g −   F  N = m       v 2  R = m 𝜔 2 R


  →   F  N = m g −   m 𝜔 2 R = 552   N


    𝜔  f 2 =   𝜔  i 2 + 2 𝛼 Δ 𝜃 → Δ 𝜃 =     𝜔  f 2 −   𝜔  i 2  2 𝛼


  → Δ 𝜃 =   0 −   0 . 2 2  2 ( − 0 . 001 ) = 20   r a d


  → Δ 𝜃 =   0 −   0 . 2 2  2 ( − 0 . 001 ) = 20   r a d


  N =   𝛥 𝜃  2 𝜋 → N = 3 . 18   r e v o l u t i o n s


  N =   𝛥 𝜃  2 𝜋 → N = 3 . 18   r e v o l u t i o n s


  15   N


  15   cm


  20   N


  35   cm


  4   cm


      F  B →


      𝑭  𝑩 → )


    𝜏  n e t = 0


    F  B × 0 . 040 − 15 × 0 . 15 − 20 × 0 . 35 = 0


  →   F  B = 231   N


  →   F  B = 231   N


    F  J +   F  B − 15 − 20 = 0 →


    F  J = − 196   N


    𝜌 = 10 3   kg /  m 3


  5   m


    8   cm


  4   cm


  2 . 0   m / s ,  


  150   kPa


    A 1   v 1 =   A 2   v 2 ⇒   v 2 =     A 1    A 2   v 1 =   𝜋   0 . 08 2  𝜋   0 . 04 2  ( 2 ) = 8   m / s


    P 1 +  1 2 𝜌   v 1 2 + 𝜌 g y 1 =   P 2 +  1 2 𝜌   v 2 2 + 𝜌 g y 2 →


    P 2 = 71   k P a


    P 2 = 71   k P a


  0 . 5 − kg


  x = 0 . 3 ∙  cos ⁡  ( 8 . 0 ∙ t )


  x


  t


  𝒙 = 𝟎 . 𝟑   𝐦


  𝒙 = 𝟎


  𝒌


  ω =   2 𝜋  𝛵 → 𝛵 =   2 𝜋 ω =   2 𝜋 8 = 0 . 79   s → 𝛥 t =   T 4 = 0 . 196   s


  T = 2 𝜋    m  k →   k  m =    (   2 𝜋  T ) 2 → k = 31 . 6   N / m


   1 2 m   v  m a x 2 =  1 2 k   A 2 →   v  m a x = A    k  m = 2 . 38   m / s



