
Name________________________________________ 
Physics 110 Quiz #4, February 7, 2020 
Please show all work, thoughts and/or reasoning in order to receive partial credit.  The quiz is worth 10 
points total. 
 

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

_________________________________ 
 
The Earth revolves about the Sun in a nearly circular orbit with radius 𝑟"# = 1.5 × 10**𝑚, due to the 
gravitational interaction between the Earth and the Sun.  (The sun also undergoes a small circular orbit due 
to same gravitational interaction but the orbit of the Sun is within the Sun itself.) The gravitational 
interaction is given by ,𝐹⃗/, = 𝐺 1213

423
5 , where 𝐺 = 6.67 × 108**9:5

;<5 . 

 
 
a. What is the (assumed) constant speed of the Earth in orbit, if the period of Earth’s orbit about the Sun 

is 𝑇 = 365.25	𝑑𝑎𝑦𝑠 = 31.5 × 10E𝑠? 
 
 

𝑣 =
2𝜋𝑟"#
𝑇

=
2𝜋(1.5 × 10**𝑚)
31.5 × 10E𝑠

= 3 × 10JK
L

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
b. What is the mass of the Sun? 
 

,𝐹⃗/, = 𝐺
𝑀"𝑀#

𝑟"#N
= 𝑀"

𝑣N

𝑟"#
→ 𝑀# =

𝑣N𝑟"#
𝐺

=
P3 × 10JKL Q

N
× 1.5 × 10**𝑚

6.67 × 108**RK5

ST5
= 2 × 10UVST 

 
 
 
 
 
 
 
 
 



A little closer to home suppose that you are flying a remote-controlled 
airplane that has a mass of 𝑚 = 1.5𝑘𝑔 attached to a 2𝑚	long string (you’re 
holding the other end) and the plane is flown in a horizontal circle at a 
constant speed.  The string makes a 20Vangle with respect to the vertical and 
the plane takes 1.5𝑠 to complete one circular orbit.  The airflow over the 
wings of the plane generates a lifting force 𝐹⃗YZ[\ that is always perpendicular 
to the wings of the plane. 
 
 
c. What is the magnitude of the lifting force ,𝐹⃗YZ[\,? 
 

From the geometry in the problem we can calculate the radius of the 
circular motion.  
 sin 𝜃 = 4

a
→ 𝑟 = 𝐿 sin 𝜃 

 
The speed of the constant speed of the plane is given by 𝑣 = Nc4

d
= Nca efgh

d
 

 
𝐹⃗ij\ = 𝐹⃗YZ[\ + 𝐹⃗\jiLZli + 𝐹⃗mjZTn\ = 〈0, 𝐹YZ[\, 0〉 + 〈𝐹d sin 𝜃 ,−𝐹d cos 𝜃 , 0〉 + 〈0,−𝑚𝑔, 0〉 = 𝑚𝑎⃗ 

 
x-direction 

 

𝐹d sin𝜃 = 𝑚𝑎u = 𝑚
𝑣N

𝑟
→ 𝐹d =

𝑚𝑣N

𝑟 sin𝜃
=
4𝜋N𝑚𝐿N sinN 𝜃
𝐿𝑇N sinN 𝜃

=
4𝜋N𝑚𝐿
𝑇N

 
 

y-direction 
 

𝐹YZ[\ −Fd cos 𝜃 −𝑚𝑔 = 𝑚𝑎x = 0 → 𝐹YZ[\ = Fd cos 𝜃 + 𝑚𝑔 =
4𝜋N𝑚𝐿
𝑇N

cos 𝜃 +𝑚𝑔 
 

𝐹YZ[\ =
4𝜋N𝑚𝐿
𝑇N

cos 𝜃 + 𝑚𝑔 =
4𝜋N × 1.5𝑘𝑔 × 2𝑚

(1.5𝑠)N
cos 20 + y1.5𝑘𝑔 × 9.8K

L5
| = 64.1𝑁 

 
 
 
 
 
 
 
d. What is the magnitude of the tension force ,𝐹⃗d, in the string? 
 

𝐹d =
4𝜋N𝑚𝐿
𝑇N

=
4𝜋N × 1.5𝑘𝑔 × 2𝑚

(1.5𝑠)N
= 52.6𝑁 

 
 
 
 
 
 

Photo:  https://www.toprace.com/product/top-race-3-
channel-remote-control-airplane-built-in-6-axis-gyro-
system-super-easy-to-fly-rtf-tr-c285 

𝐹⃗YZ[\  

𝐹⃗\jiLZli  
𝐹⃗mjZTn\  



Physics 120 Formula Sheet 
 
General Definitions of Motion    Geometry 
𝑑𝑟 = 〈𝑑𝑥, 𝑑𝑦, 𝑑𝑧〉 = 〈𝑥[ − 𝑥Z, 𝑦[ − 𝑦, 𝑧[ − 𝑧Z〉  		𝐶 = 2𝜋𝑟		𝐴�Z4�Yj = 𝜋𝑟N;		𝐴4j�\ = 𝐿𝑊	 

𝑣⃗ = 〈𝑣u, 𝑣x, 𝑣�〉 =
�4⃗
�\
= 〈�u

�\
, �x
�\
, ��
�\
〉   𝐴\4Z�iTYj = �

5𝑏ℎ;	 	𝐴L�nj4j = 4𝜋𝑟N 

𝑎⃗ = 〈𝑎u, 𝑎x, 𝑎�〉 =
���⃗
�\
= 〈���

�\
,
���
�\
, ���
�\
〉   𝑉L�nj4j = �

�𝜋𝑟
U;		𝑉�xY = 𝜋𝑟Nℎ;		𝑉�lij = �

�𝜋𝑟
Nℎ 

 
Motion with constant acceleration 
𝑟[ = 𝑟Z + 𝑣⃗Z𝑡 +

*
N
𝑎⃗𝑡N → 〈𝑥[, 𝑦, 𝑧[〉 = 〈𝑥Z + 𝑣Zu\ +

*
N
𝑎u𝑡N, 𝑦Z + 𝑣Zx𝑡 +

*
N
𝑎x𝑡N, 𝑧 + 𝑣Z�𝑡 +

*
N
𝑎�𝑡N〉 

𝑣⃗[ = 𝑣⃗Z + 𝑎⃗𝑡 → 〈𝑣[u, 𝑣[x, 𝑣[�〉 = 〈𝑣Zu + 𝑎u𝑡, 𝑣Zx + 𝑎x𝑡, 𝑣Z� + 𝑎�𝑡〉 
 
Forces       Constants 
𝑝⃗ = 𝑚𝑣⃗      𝑔 = 9.8:�5; 		𝐺 = 6.67 × 108**9:5

;<5 		 

𝐹⃗ij\ =
��⃗
�\
= 𝑚𝑎⃗     𝑣Ll�i� = 343:� ;		𝑣YZTn\ = 𝑐 = 3 × 10� K

L
 

𝑝⃗[ − 𝑝⃗Z = ∫𝑑𝑝⃗ = ∫ 𝐹⃗ij\𝑑𝑡    𝑁� = 6.02 × 10NU 

𝐹⃗ij\ = 𝐹⃗∥ + 𝐹⃗� =
𝑑𝑝
𝑑𝑡
𝑝̂ + 𝑝

𝑑𝑝̂
𝑑𝑡

= 𝑚𝑎⃗∥ +𝑚𝑎⃗� 

,𝐹⃗�, = 𝑚|𝑎⃗�| = 𝑚
𝑣N

𝑟
 

𝐹⃗/ = 𝐺
𝑀*𝑀N

𝑟*NN
𝑟̂*N → ,𝐹⃗/, = 𝐺

𝑀*𝑀N

𝑟*NN
 

𝐹⃗/ = 𝑚𝑔⃗;			 𝑔⃗ = 𝐺
𝑀� 

(𝑅�  + ℎ)
𝑟̂ 

,𝐹⃗[4, = 𝜇,𝐹⃗R, 
𝐹⃗L = −𝑘∆𝑟 
 
Vectors 

𝐶 = 𝐴⃗ + 𝐵�⃗ → 〈𝐶u, 𝐶x, 𝐶�〉 = 〈𝐴u + 𝐵u, 𝐴x + 𝐵x, 𝐴� + 𝐵�〉 + 〈𝐶u, 𝐶x, 𝐶�〉;			 |𝐶|�����⃗ = ¥𝐶uN + 𝐶xN + 𝐶�N 

𝐴⃗ ∙ 𝐵�⃗ = ,𝐴⃗,,𝐵�⃗ , cos 𝜃 = 𝐴u𝐵u + 𝐴x𝐵x + 𝐴�𝐵� 
𝐴⃗ × 𝐵�⃗ = ,𝐴⃗,,𝐵�⃗ , sin 𝜃 = 〈, , 〉 
 
Work and Energy 

𝑊d = §𝑑𝑊d = § 𝐹⃗ ∙ 𝑑𝑟 = ∆𝐾d =
*
N
𝑚𝑣[N −

*
N
𝑚𝑣ZN 

𝑊© = §𝑑𝑊d© = §𝜏 ∙ 𝑑𝜃 = ∆𝐾© =
*
N
𝐼𝜔[N −

*
N
𝐼𝑣𝜔ZN 

𝑊ij\ = 𝑊𝑇 + 𝑊𝑅 = ∆𝐸𝑠𝑦𝑠 = ®
0

−𝑊𝑓𝑟
 

𝑊ij\ = −°∆𝑈 = ∆𝐾d + ∆𝐾© 
𝑈T = 𝑚𝑔𝑦 
𝑈L =

*
N
𝑘𝑥N 

 


