Physics 120
Exam #2

February 13, 2026

Name

Please read and follow these instructions carefully:

e Read all problems carefully before attempting to solve them.

e Your work must be legible, and the organization clear.

e You must show all work, including correct vector notation.

e You will not receive full credit for correct answers without adequate explanations.

e You will not receive full credit if incorrect work or explanations are mixed in with
correct work. So, erase or cross out anything you don’t want graded.

e Make explanations complete but brief. Do not write a lot of prose.

e Include diagrams.

e Show what goes into a calculation, not just the final number. For example,
ol = mif|=(5ke)x(22) =107

e Give standard SI units with your results unless specifically asked for a certain unit.

e Unless specifically asked to derive a result, you may start with the formulas given
on the formula sheet including equations corresponding to the fundamental
concepts.

¢ Qo for partial credit. If you cannot do some portion of a problem, invent a symbol
and/or reasonable value for the quantity you cannot calculate (explain that you are
doing this), and use it to do the rest of the problem.

e Each free-response part is worth 6 points

Problem #1 /18
Problem #2 /18
Problem #3 /18
Problem #4 /18

Total /72

1 affirm that I have carried out my academic endeavors with full academic honesty.




1. A M =6.75kg mass is suspended
from the ceiling and the left wall by
two light ropes that make angles 6; =
37% and 6, = 21%s shown on the
right. Let the tension in the upper rope
be Frypper and Fr oy the tension in
the lower rope.

a.

Starting with the vector expression for Newton’s Laws of motion in full vector
form, what is the magnitude of the tension force in the upper rope, Frypper? Be
sure to specify to your choice of coordinate system for the problem.

Assuming the positive x-direction is to the right and the positive y-direction is
vertically up we have:
Frot = (Fpy sin 6, — Fyy c0S 0y, Fpy, cOS 6, — Fyy sin 6; — Fyy, 0)

F .. =md = m{a,, ay,az) = (0,0,0)

In the x-direction:
, in
Fr,sin@, — Frcos0; =ma, =0 - Fp; = (Sm—z) Fry
cos 61

In the y-direction:
sin 92

Fry cos 0, — Frysin6y — Fy, = ma,, = 0 > Fpy, cos 6, — (COS 91) Fr, sin@; = Fy,

m
F _ Fw _ mg _ 6.75kg><9.85—2
Tu — - - sin 21) .

i . in 6 .
cos 92—(2’2 221) sin 6, cos 92—(:;2 921) sin 64 cos 21—(COS 37)sin37

=99.7N




b. Starting with the vector expression for Newton’s Laws of motion or continuing
with the results of part a, what is the magnitude of the tension force in the lower
rope, FT,lower?

From part a,

F. (SinHZ)F (Sin21) 99.7N = 44.7N
=(——— = X 99.7N = 44,

Tt \cosh,/ ™ = \cos37

c. Based on your results from parts a and b, which tension force Fr ypper OF Friower
is larger and is this reasonable? To earn full credit, please be sure to fully explain
your answer and why you think it is or is not reasonable.

The tension force in the upper rope is larger. The x-components cancel as there is
no horizontal motion so there is nothing to say here. This upper tension force being
larger is reasonable because the tension force in the positive y-direction in the upper
rope has to support the weight and the downward pull in the negative y-direction
from the tension in the lower rope. Since the y-component needs to be larger to
support the net downward force, it makes sense that the upper tension force is
larger.



2. Consider the arrangement of masses shown below, where a block of mass m, = 3m is
sitting on the horizontal surface. To this mass a block of mass m; = 10m is connected
on the right side of the 3m block and is suspended vertically from a massless pulley by
a light string. To the left of the 3m block a block of mass m; = 4m connected by a
light string that passes over a massless pulley and is on an incline, inclined at angle
6 = 45%measured with respect to the horizontal. You may assume that the surfaces
are all frictionless and that all of the blocks start from rest.

a. Starting from Newton’s Laws of motion, write the full vector equations that govern
each block. There should be three equations in total, one for each block and be sure
to specify to your choice of coordinate system for each block.

Assuming a tilted coordinate system for mass m,, where the positive x-direction is
up the ramp and the positive y-direction is perpendicular to the ramp we have:

Fret1 = (Frp — Fwix Fy, — ley, 0) = myd; = my(a,0,0)

Assuming the positive x-direction is to the right and the positive y-direction is
vertically up we have:

-

Fret2 = (Frg — Frp, En, = Fyo, 0) = myd, = my(a,0,0)

Assuming the positive y-direction is vertically up we have:
Frets = (0, Frg — Fyy3, 0) = mads = m3(0, —a, 0)
In each of the above, we’ve assumed that the acceleration of the system is in the

chosen positive x-direction for blocks of mass m;, and m,, while it is in the
negative y-direction for block m;.



b. If the block of mass 3m is released from rest, determine the expression for the
magnitude of the acceleration of the system in terms of the acceleration due to
gravity g. That is, your answer should be in of the form a = C - g, where C is a
number. Do not actually evaluate the actual acceleration at this moment.

Again, we’ll assume that the acceleration is up the ramp for m, to the right for m,,
and vertically down for m5. If these are the correct directions then when we
calculate the acceleration, it will be a positive number. If we picked the direction
incorrectly, it will come with a negative. The magnitude will be the same.

From the forces on m, parallel to the ramp we have:

Fr;, — Fy1x = Frp —mygsin@ = mya - Fr, = mya + mygsinf

From the forces on m; in the vertical direction we have:

Frg — Fys = Frp —mgg = —mza = Frg = mzg —mza

From the forces on m; parallel to the surface we have:

Frg — Fr, = mya » myg — mga — (mya + mygsinf8) = mya

<m3 —m, sin@ ) <10m — 4m sin 45) (7.2m
a= = g =

4m + 3m + 10m 17m)g = 0429

m1+m2+m3 9

Since this is a positive number, we chose our direction for the acceleration
correctly.

c. What is the speed of the block of mass 3m if the block of mass 10m falls a distance
0.75m from rest?

Since all three blocks are connected by the rope, they will all have the same speed.
Thus let v, = v,5 = v3r = vf. Since the acceleration is constant, we can use one
of our equations of motion for constant acceleration, and we have:

vf =vf +2ad - vy =V2ad = \/2 x 0.42 x 9.8% x 0.75m = 2.5%



As a side note, although this problem wanted you to use forces to solve the problem, you
could have done this problem by using the work kinetic energy theorem. There are three
work terms, one for m,, one for m,, and one for m; and the total work done changes the
kinetic energy of each of the blocks. And since they are all connected by the rope, the
achieve the same final speed.

d

W, = anet,l -dry = f(FTL — Fwx1, Fn1 — Fwyr, 0)-(dx,0,0) = f (Fri, — Fyx1)dx
0

Wl - FTLd - mlg SlIlQ

d
W, = anet,Z ' dfz = f(FTR — Frp, Fyy — FW2'0> ’ (dx, 0,0> = f (FTR - FTL)dx
0
W, = Frgd — Fr d
. —d
W; = anet,S dry = f(O, Frgp — Fy3,0)-(0,dy, 0) = f (Frr — Fw3)dy

0
W3 = _FTRd + m3gd

The total work and thus the change in kinetic energy is given by:
Wnet == Wl + WZ + W3 = AK = AKl + AKZ + AK3 == %(ml + mz + m3)v)§ S 12—7va2‘
Wnet == FTLd - mlg Sll’19 + FTRd - FTLd - FTRd + m3gd = m3gd - mlg Sln9

Wpet = magd —m,gsin@ = (10 — 4sin45)mgd = ;mvf

10 — 4sin45
- vy = jz (T) gd =+/2(0.42g)d = \/0.82gd
The first and second terms on the right in the parenthesis are the answer to part b and the
last is the answer to part c. Notice that these expressions are the same that you get by
using forces to solve the problem.



3. We’ve said in class that roadways and racetracks are banked so that cars can negotiate
the curves without having to rely on friction to take the turn, but instead rely on a
component of the normal force from the track/roadway itself. Suppose that a racetrack,
shown below, is banked at an angle & = 31°. This racetrack is designed to allow the
racecar to take the curve at a speed v = 200;"—: = 89=Z.

https://www.ajc.com/sports/racing/rains-delay-end-daytona-500-until-
monday/Ctvg7ozshchtRxGVsfjp YK/

a. Starting from Newton’s laws of motion in full vector form, what is the design radius
of the track? That is, what is the radius of the horizontal circle that the racecar
would travel in around the curve? Be sure to specify your coordinate system.

Assuming a standard cartesian coordinate system where the positive x-direction is
to the right, the positive y-direction is vertically up and the positive z-direction is
out of the page, we have:

2
Fret = (Fyx, Fyy = Fw, Fengine — Fair) = md = m{ay, ay, a;)=m (F; 0,0)

From the forces in the z-direction:
FEngine — Fgir =ma, =0 - FEngine = Fair

From the forces in the y-direction:

mg
cos 6

Fyy —Fy =ma, =0-> Fycosf —mg=0-Fy =

From the forces in the x-direction:
2

. mg\ . v v
Fy, = ma, — Fysinf = (cose)smg = mgtan@ =mf—>R zgtane

2

v: (89%)2

gtanf 9.8%tan31 345m
S




b. Suppose that the racecar driver wanted to take the curve at a higher speed than the
track was designed. If the coefficient of friction between the tires and the track is
1 = 0.4, what is the racecar’s allowable maximum speed in order to take the curve
at the radius found in part a?

Assuming the same coordinate system as in part a, and noting that if the car tries to
negotiate the curve to fast, they will slide to the outside of the curve (or up the
ramp). This makes friction point down the ramp.

2
- N v
Fnet = (FN.X' +FfT',X’FNy _Ffr'y _FW'FEngine _Fair> =ma = m(f,o,())

From the forces in the y-direction we have:
Fyy — Fprpy — Fy =ma, =0 - Fycosf — uFy sinf = mg

myg

Fy =
B cos 6 — usinf

From the forces in the x-direction we have:

vz . . vr%lax
Fnx + Fpry =ma, = m— - Fysin@ + uFy cos = Fy(sinf + ucos@) =m

2

sinf + pcosf Vinax sin@ + pcosf
o )=t = ( ) kg

cos@ — usinf R cos 6 — usinf

(sin 31+ 0.4 cos 31) 1345 9.8™ — 131™
= X x 9.8~ =1312
Vmax c0s31 — 0.4sin31 m 52 s



c. Suppose that the racecar driver wanted to take the curve at a lower speed than the
track was designed. If the coefficient of friction between the tires and the track is
1 = 0.4, what is the racecar’s allowable minimum speed in order to take the curve
at the radius found in part a?

Assuming the same coordinate system as in part a, and noting that if the car tries to
negotiate the curve to slow, they will down to the inside of the curve (or down the
ramp). This makes friction point up the ramp.

2

o . v
Fret = (FNx - Ffr,erNy + Ffr,y - FW'FEngine - Fair) =ma = m(f: 0,0)

From the forces in the y-direction we have:

Fyy + Fpry — Fy =ma, =0 - Fycos6 + puFy sinf = mg

y

myg

Fy =
i cosf@ + pusinf

From the forces in the x-direction we have:

02 2
Fivx = Fre = may = m— = Fy sin@ — uFy cos @ = Fy(sin6 — pcosf) = m——

2

sin@ — pcos@ Vnmin sin@ — pcos@
o I R ) kg

cosf + pusinf R cosf + pusinf

(sin 31 —0.4cos 31) 1345 9.8™ — 46™
.= X X Y9.0— = —
Vmin cos 31 + 0.4 sin 31 m»2es s



As a side note we’ve said that the answer is coordinate system independent. In the problem
I didn’t tilt my axes but used a standard cartesian coordinate system. If you want to do the
problem by tilting your coordinate axes so that the x-axis points parallel to the incline and
the y-axis is perpendicular to the incline the acceleration has components in both the x- and
y-directions, that’s fine. The solution to problem #2 assuming a tilted set of axes is below.

For part a:

- . v2 2 .
Free = (FWx'FN _FWyrFEngine _Fair> =ma = m(FCOSH,FSIHQ,())

In the y-direction:
v? v?
Fy — Fyy, = Fy —mgcosf = mﬁsine — Fy =mgcos@ + mfsinH

In the x-direction:
_ v? v?
Fyy =mgsinf = mfcose - R =

gtan@

This is the exact same expression we got without tilting the coordinate axes.

For parts b and c:

To determine the maximum speed, friction points down the ramp as we’d tend to move to
the outside of the track. The net force including friction is:

2 2
Foet = (Fwx + Frr, Fy — Fyy, Fengine — Fair) = md =m <F cos 0 ,Fsin 6,0)

Where the frictional force is determined from the forces in the y-direction:

v? v?
Fer = puFy = p (mg cos O + mfsin 9) = umg (cos@ - @sin 9)

In the x-direction:
2 2

% %
Fyy + Fr = mgsin6 + uFy = mgsin6 + umg (cos@ - ;l;x sin 9) =m T;l?ax cos 0
(sin 6 + pcos 9) R
- =
Vmax cos@ — usin@ g

Which is the solution we got in part b without tilting the axes.




To determine the minimum speed, friction points up the ramp as we’d tend to move to the
inside of the tract. The net force including friction (where the normal force is the same as
above since there is no friction in the y-direction):

S . v? v?
Fret = (Fwx — Frro Fy — Fiy, Fengine — Fair) =mad =m <F cos @ ,Fsm 6,0)

In the x-direction:
2 2

V2, v
Fyx — Fpr = mgsin® — uFy = mgsin6 — umg (cos@ - 11;; sin 0) =m—"

cos @

sinf@ — ucos@
u )Rg

SV =
mn (cosH + usin 6

Which is the solution we got in part ¢ without tilting the axes.



4. Consider the arrangement of masses shown below. A block of mass m; sits at rest on
the horizontal surface while a block of mass m, sits at rest on the incline which is
oriented at an angle 8 measured with respect to the horizontal. Friction exists on all
surfaces with coefficient of friction p.

a.

Starting from the general definition of work, what are the expressions for the work
done on masses m; and m, if both masses are released from rest? There should be
two expressions, one for mass m,; and one for mass m,.

For mass m, assuming to the right is the positive x-direction and vertically up is
the positive y-direction we have:

W, = fﬁnetl -di = f<_FT + Ffrl;FNl — Fy1,0) - (dx, dy, dz)

-d 0
W, = f (_FT + Ffrl)dx + f (Fy1 — Fyw1)dy
0 0

—d

-d
W, = —f Frdx + f umy,gdx = Frd — um,;gd
0 0

For mass m, assuming to the down the ramp is the positive x-direction and
perpendicular to the ramp and away is the positive y-direction we have:

W, = fﬁnetz -dr = f<_FT — Fpra + Fwax, Fyz — Fiay, 0) - (dx, dy, dz)
d 0

W, = f (_FT — Fppy — FWZx)dx +f (FNZ - FWZy)dy
0 0

d d d
w, = —f Fde—f ,ungcosedx+f m,g sin 6 dx
0 0 0

W, = —Frd — um,gd cos 8 + m,gd sin 0



b. Starting with the work-kinetic energy theorem and using your results from part a,
what is the expression for the speed of the bock of mass m,, if both blocks are
released from rest?

1 1 1
Wnet == Wl + WZ = AKl + AKZ = Emlvlzf + Emzvzzf == E(ml + mz)vfz‘
Wyet = Frd — umygd — Frd — um,gd cos 6 + m,gd sin6 = %(m1 + mz)v]?

- —umygd — um,gd cos 6 + m,gd sin 0 = %(m1 + mz)v}?

m, sin @ — u(my + m, cos )
m; +m,

c. How much work was done on the system of masses m; and m, by gravity and how
does this relate to the change in gravitational potential energy? To earn full credit,
either show how the change in gravitational potential energy is related to the work
done using some mathematical equations, or fully explain the result.

The change in gravitational potential energy is related to the change in arrangement
of the masses in the gravitational field. The only mass that changes arrangement,
or height with respect to the Earth is mass m, moving down the ramp. The
component of the weight parallel to the ramp does work moving the block down
the ramp. The work done by this component of gravity parallel to the ramp lowers
the potential energy of the block of mass m, and in turn speeds the system of
masses m,; and m, up since energy is conserved.

d d

Wy, = —AU, = f Fyoxdx = f m,g sin 0 dx = m,gd sin 6
0 0

AU, = =Wy, = —mygdsing = —m, gy

The work done here is positive (leading to an increase in speed) and thus the change
in gravitational potential energy must be negative, reflective of the loss of height in
block of mass m,.



