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1. The following two parts refer to their respective plots and are mutually exclusive.

(a) Below is a graph of position versus time and an equation of an object traveling along some path

described by: s(t) = 3ot
t t>3
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i) What is the object’s velocity at time t = 2 s?
ii) What is the object’s velocity at time t = 5 s?

iii) When is the object accelerating?



(b) Below is a graph of velocity versus time and an equation of an object traveling along some path
—t 0<t<H
described by: v(t) = < t 5 <t <10
—10 10<t <15

Velocity ms™?

Time (s)

i) If the object started at initial position x = 15 m, where does it end up after the whole 15 s?
ii) On which intervals of time does the object have positive acceleration?

iii) On which intervals of time does the object have negative acceleration??

(a) 1) Velocity at t = 2 s is 0 m/s since slope is 0.
ii) Velocity at t =5 s is 1 m/s since slope is 1.

iii) The object has zero acceleration on all intervals where the velocity is constant.
Aside: At t = 3 s since the velocity changes there is some instantaneous acceleration, but since
there is a discontinuity in the velocity function we ignore it.

(b) i) Change in position on a velocity versus time graph is the area under the curve

To = 15, A.’I}l = —125, A.TQ = +375, A.’Eg = —50

Thus x; = 15 - 12.5 + 37.5 - 50 =



Area; = Ha+bjh

Areas = bh

Velocity m ™!

Time (3)

ii) The object is accelerating on the interval t € (5,10].
iii) The object is accelerating on the interval t € (0,5]



The following problems are problem solving guides to help you think like a physicist.

2. What are the base SI units for distance, time, and mass?

3. What are the units for velocity, acceleration, and force? (Hint: There’s an SI unit for force, what
is it in terms of the units for distance, time and mass?)

4. What power of ten do the following symbols describe?

i) p- (micro)
i) m- (milli)

iii) c- (centi)

)
)
)
iv)
)
)

iv) k- (kilo)
v) M- (mega)
vi) G- (giga)

5. Convert the following:

i) 6.26 yum to km
ii) 14,000,000,000 s to Gs
iii) .015 g to cg

(a) meters, seconds, (kilo)grams
(b) m/s, m/s* N or kg-m/s?
(c) i) 1076 i) 1073 iii) 102 iv) 10° v) 10° vi) 109

(d)



6.26 x 1072 km ii) 14 Gs iii) 1.5 cg



6. A blue ball is thrown upward with an initial speed of v, = 20 m/s, from a height of h; = 0.6 meters
above the ground. t; = 2.4 seconds after the blue ball is thrown, a red ball is thrown down with
an initial speed of v, = 8.7 m/s from a height of hy = 22.8 meters above the ground. The force of

gravity due to the earth results in the balls each having a constant downward acceleration of g =
9.81 m/s%.
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(a) What is the speed of the blue ball when it reaches its maximum height?

(b) How long does it take the blue ball to reach its maximum height?

(c) What is the maximum height of the blue ball?

(d) Write the position of the red ball as a function of time, keeping in mind it is released 2.4 seconds
after the blue ball

(e) When are the red ball and the blue ball at the same height?



(a) The speed of the blue ball at its max height is 0 m/s.

(b)

v =vy+at
v, =20, vy =0, g=09381

[t =2.038 5]

(c)
Lo
Typ = To + voty + §atb
hy = 0.6, v, =20, t =2.038, g = —9.81
Ty =20.822 m
(d)

1
Tpr = To+ oty + §at$ where t, = ¢, — 2.4

(e) Set z¢, = xy;, and solve:

tq defined as the time difference in the dropped balls (2.4s)

1 1
hi + vpty + égtg = hy + Ur(tb — td) + §g(tb — td)2
1 1
(h1 — hg) + vpty + §gt§ = Uty — U tg + ig [t% — 2ty + tcﬂ

1
(hl — hg + Uﬂfd — —gt?i) = (Ur — Vp — gtd)tb

2
. (h1 — ha + vty — Sgt3)
(v — vy — gta)
ty = 2.875 s

7. A boat is traveling directly across a river (as seen
by an observer standing on the shore) that flows J Urg
at a uniform rate of v, , = 10 ft/s, as shown in ’
the figure. To compensate for the flow of the
river, the boat must head upstream as it travels. ] -
The speed of the boat is 18 ft/s with respect to Dock N\
the water




(a) What is the angle between the direction the boat points and the direction it is traveling with
respect to the shore?

(b) If the river has width, W = 500 ft, and the angle is # = 50:
(i) How long does it take the boat to reach the other side?

(ii) How far upstream does the boat end up?

(a) These problems are often tricky because there’s usually some caution that’s needed when converting
the words into vectors. Nonetheless, it’s a relative motion problem, so it’s best to start with the
relation for relative motion:

Vbs = Vow + Vu,s
where the subscripts are boat, shore, and water respectively. Let’s also say that +x is leftward (in

the direction of motion) and +y is upward.

We see from the diagram that the water flows in the —y direction at a speed of 10 ft/s. In vectors,
that is v,, s = —10y. We also know the speed of the boat relative to the water, but not its direction.
So in vectors, that is

Vi = 18 cos(f)x + 18sin(0)y.

Now here’s a tricky part: the problem tells us that the boat moves directly across the river as
viewed from the shore. This means that the y-component is zero, and v, s = v, 5,X + 0y. So we
only know one of the components. But we can solve for the angle without knowing the other one
fortunately because all the y-components are known.

Vbs = Vow + Vu,s
Ups, X + 0y = 18 cos(f)x + 18sin(f)y — 10y

Taking the y-components as one equation, we can solve



0 = 18sin(#) — 10
10
0 = arcsin <E> ~
(b) Breaking up the components of the vectors we can figure out the velocity of the boat wrt the

ground (vp4)
(Use this equation from your formula sheet:)

Up,g = Vb + Urg

X: Y:
U(b,g)e = 18 COS(Q) +0 V(b,g), = 18 Sin(@) — 10
V(b,g)s = 11.57 ft / S V(b,g)y = 3.788 ft / S

(i) Here we only need to look at the z-component

d
t=—-—=432s
v

(ii) Here we only need to look at the y-component

|d = vt = 164.64 ft]|




8. You are on a train traveling east at speed of 33 m/s with respect to the ground. You begin flying
westward at a speed of 42 m/s.

(a) What is your speed relative to the ground?

(b) Now you walk eastward to return to your seat. How will your speed relative to the ground change?

A. Increase
B. Decrease
C. Stay the same

(a) The relationship between each velocity for this situation is

Up,g = Upt T Vig

Where the subscripts are person p, ground g, and train ¢. Plugging in the numbers, we get

Vpg = —42+ 33 = —9

But the problem asks for speed, so we seek |v, 4| which is 9 m/s.

(b) The answer is (A) because you are going in the same direction as the train.
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9. A quarterback throws a football toward a receiver who catches it t seconds later D meters away.
Assume the ball is thrown and caught at the same height above the horizontal field and that you
can ignore air resistance.

(a) If t = 3 seconds and D = 60 m, what is the horizontal component v, of the initial velocity of the
ball?

(b) If ¢ = 3 seconds and D = 60 m, what is the maximum height H reached by the ball (above its
initial position)?

(a) Since there is no force in the x direction, the velocity, v,, is constant.

D
Vo,x = ?

Vo =20 m/s

11



Vfy = Viy + Gliop, Vsy = 0
Viy = —gtip = 14.715m/s

1
Yr = Yi + /UO,yttop + éat?op

1
H = UO,yttop + 50,1‘:?017

H =11.036 m
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10. Three blocks are placed in contact on a horizontal frictionless surface. A constant force of magni-
tude F' = 30 N is applied to the box of mass M; = 8kg. There is friction between the surfaces of
blocks My = 2M; and M3 = 3M; (us = 0.5, g, = 0.3) so the three blocks accelerated together to
the right.

M3

— M, Mo

(a) What is the acceleration of M3? Is it different than the acceleration of mass M?

(b) What is the maximum force F that can be applied, before the Mj block slides off? (Hint: draw
force diagrams for all three of the blocks)

(a) The blocks are accelerating together, so since F = ma, |a = 0.625 ms >
Which is the same as the rest for the blocks.

(b) In the previous problem, we treated the three blocks as a single system, but this time, we will
write a Newton’s second law equation for each block. Since we are working in magnitudes, the
following facts hold: f; < mgps and Fy o = Fy ;.

ST
+
8

13



F FZonl F10n2 F30n2 fs
3 M, ¢ — M, — My ——
Block 1 Block 2 Block 3

F—FgonleCL Flong—fSZZMCL fs:v?)MCL

Now, using these three equations, we essentially want to find a function for F' in terms of f, and
maximize it. We also want to eliminate the term a.

Combining the first two equations gives F' = 3Ma + fs;. Taking this and combining it with the
third equation, we get F' = 2f;.

It’s easy to see that the maximum value of F' occurs at the maximum value of f, since they're
directly related. Therefore, we can say (using the inequality of static friction) that

Fmax - 2fs,max - 6Mgﬂs

And the maximum force occurs at Fi,.. = 6Mgus Plugging in the given values gives the final
answer of

F=2352N
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11. Consider the following vertical spring system before and after a mass is attached:

After the mass, m, is attached to the spring with spring constant k, the spring stretches by some
Azx. Find an expression for Az in terms of k£ and m.

Draw the free body diagram for the mass on the spring:

There are two forces acting on the system, the force of gravity (-g) and the restoring spring force
(+9)

E@p’ring
+yT YF=ma
m
YF =0
Fgr(wity
Since the system is at rest in equilibrium

= Lspring — Tavity
0 F pring Fg Y

0=kAz —mg

Thus our equation is |Ax = —

12. A block of mass m is kept in place on a smooth ramp by a spring, as shown. The ramp makes an
angle ¢ with respect to the horizontal, and the spring constant is k. Neglect friction.

15



What is Az, the minimum amount the spring must be stretched in order for the block to be at
rest?

Draw the Free Body Diagram for this situation

Fspring

F, gravity

Writing out the sum of the forces (we are working in magnitudes):

x-direction y-direction
—mgsin(f) + kAz =0 N —mgcos(d) =0
kAx = mgsin(0) N = mgcos(6)
Axm,in - W

Be careful to note that sin(0) is the z-component here because of the trig in the situation.
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