NORTHERN ILLINOIS UNIVERSITY

PHYSICS DEPARTMENT

Physics 580 — Solid State Physics Fall 2022

Problem Set #4

Bring laptop with Python installed on Tues (see Problem #6)
Problem Set Due: Thurs, Sept. 29, 2022 (have Problem #1 and Python done by Tues)
Read Kittel: Chapter 2, powerpoint: X-ray Diffraction

Simple Cubic Face-centered cubic Body-centered cubic

Figure 13.17

from webpage: https://www.coursehero.com/study-guides/cheminter/unit-cells/

1. Gold crystallizes in a cubic close-packed structure (face-centered cubic unit cell) and
has a density of 19.3 g/cm®. Calculate the atomic radius of an Au atom in angstroms
(A). Use only these values, Avogadro’s number, and the molecular weight (or molar
mass) of Au from the periodic table of the elements. Assume the atoms pack the unit
cell as shown the two lower rows in the figure above (the atoms are modeled as
spheres in contact with each other). How does your value compare with the actual
atomic radius of gold in an fcc structure? (Google this value, and answer in % larger
or smaller).


https://www.coursehero.com/study-guides/cheminter/unit-cells/

a

2. ZnS crystallizes into what is referred to as a zincblende structure. The zincblende
structure is an fcc lattice with a diatomic base with one atom at (0, 0, 0) and the other
atom at (¥4, ¥4, ¥4). The atoms are tetrahedrally coordinated, each atom having four
neighboring atoms.

(a) How many of each atom are contained within a unit cell of ZnS?

(b) Many types of compounds crystallizes into the zincblende structure: BP (boron
phosphide), ZnTe (zinc telluride), GaAs (gallium arsenide), MgSe (mercury
selenide), to name a few. What is the difference between the diamond structure
and the zincblende structure? (that is, why is the diamond crystal structure not
called the zincblende structure?)

3. The edge length of the NaCl unit cell is 5.64 A. Determine the density of NaCl in
g/cm? using the molecular weight of Na and CI from the periodic table of the
elements and Avogadro’s number. Make certain it agrees with the value given in
Wikipedia (what is this value, and does your answer agree with it?).



4. Read through the powerpoint X-ray Diffraction located on Blackboard (in the
“Content” section).

(a) Write down Bragg’s law with the Miller indices in mind as is done in the X-
ray Diffraction powerpoint.
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from webpage: http://pd.chem.ucl.ac.uk/pdnn/diff2/kinemat2.htm

(b) Why does a polycrystalline material (see figure above) give rise to Debye-
Scherrer rings for diffracted x-ray beams.


http://pd.chem.ucl.ac.uk/pdnn/diff2/kinemat2.htm

5. Kittel: Problem 5 (see below)
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Figure 18 Neutron diffraction pattern for powdered diamond. {After G. Bacon.)

5. Structure factor of diamond. The crystal structure of diamond is described in
Chapter 1. The basis consists of eight atoms if the cell is taken as the conventional
cube. (a) Find the structure factor S of this basis. (b) Find the zeros of § and show
that the allowed reflections of the diamond structure satisty v, + v, + v; = 4n,
where all indices are even and n is any integer, or else all indices are odd (Fig. 18).
(Notice that h, k, [ may be written for v,, v;, v; and this is often done.)

6. Install Python and Microsoft Visual Studio Community on your laptop (if you do not
have these already). You can follow the instructions in the tutorial below. At the
end, you will write a simple Python program: “hello world”.

Installation of Python

The version of Python used in this Tutorial is Python 3.7. The integrated development
environment (IDE) that is used is Microsoft Visual Community 2022 (available for both
the PC and the MAC). Installing Microsoft Visual Community is free will also install
Python if you do not have a version installed.

Do a Google search for Microsoft Visual Community and install it by selecting the
following additional features (they are not installed by default): (1) Python development
and (2) Desktop development with C++. If desired, you can install other packages (like
the Visual Basic package selected below).



Modifying — Visual Studio Community 2022 — 17.0.5

Workloads  Individual compeonents  Language packs

Web & Cloud (4)

ASP.NET and web development
Build web applications using ASP.NET Core, ASP.NET,

HTMLJavaScript, and Containers including Docker supp...

Python development
Editing, debugging, interactive development and source
control for Python.

Desktop & Mobile (5)

X

Mobile development with NET
Build cross-platform applications for iOS, Android or
Windows using Xamarin.

Desktop development with C++

Build modem C++ apps for Windows using tools of your
choice, including MSVC, Clang, CMake, or M5Build.

Installation locations

B Awmure development

Azure SDKs, tools, and projects for developing cloud apps
and creating resources using .MET and .NET Framework....

] Nedejs development

Build scalable network applications using Node.js, an
asynchronous event-driven JavaScript runtime.

NET desktop development
Build WPF, Windows Forms, and conscle applications
using C#, Visual Basic, and F# with .NET and .NET Frame...

Universal Windows Platform development
Create applications for the Universal Windows Platform
with C# VB, or opticnally C++.

Installation details

+ Visual Studio core editor
~ Python development
~ Included
v Python language support
+ Optional
Python 3 64-bit (3.9.7)
Python native development tocls

Python web support
Live Share
Python 3 32-bit (3.9.7)

+ .NET desktop development

~ Desktop development with C++
* Included
+  C++ core desktop features.

~ Optional
MSVC w143 - V5 2022 C++ x64/xB6 build t...
Windows 10 SDK (10.0.19041.0)
] Just-in-Time debugger

Location
CAProgram Files\Microsoft Visual Studio%2022%Commu nity

Total space required 0
By continuing, you agree to the license for the Visual Studio edition you selected. We also offer the ability to dowriload other software with Visual Studio.

This software is licensed separately, as set out in the 2rd Party Notices or in its accompanying license. By continaing, you also agree to those licenses. Install while downloading |~ Close

Make certain to select “Python 3 64-bit” (it is not selected by default) if you do not have
Python already installed on your system.

Python is a dynamic language (executed by an interpreter) that cannot be compiled into
machine code statically (like C++ and Fortran). It is an interpreter programming
language that is needed to execute Python commands.

Fortunately, pip is installed automatically when Python is installed. If pip is not installed,
go to: https://pip.pypa.io/en/stable/installation/. If you get a warning that a newer version
of pip is available then you should upgrade. To do this, (for a PC) click on the Start
button and type “powershell” and select the Windows PowerShell application. In
PowerShell type:

py -m pip install --upgrade pip

If you get a warning that a Python Scripts directory are not on PATH, add the directory to
PATH by editing the system environment variables. Documentation can be found at:

https://www.architectryan.com/2018/03/17/add-to-the-path-on-windows-10/

To add the Scripts directory to PATH: (1) click on the Start button and type “env”, then
select “Edit the system environment variables”, (2) select the “Advanced” tab, (3) click
the “Environment Variables...” button, (4) Under the “System Variables” section (the


https://pip.pypa.io/en/stable/installation/
https://www.architectryan.com/2018/03/17/add-to-the-path-on-windows-10/

lower half), find the row with “Path” in the first column, and click “Edit...”, (5) click
“New” and type (or copy and paste) the new path. For instance, it should look similar to:

C:\Users\UserName\AppData\Roaming\Python\Pythonxx\Scripts

depending upon what your “username” is (XX is the version number of your Python
programming language). You can always find out which directories are in your PATH

by typing: Senv:PATH in your PowerShell window.

Writing Code in Python

Now that Python has been installed, we can now start writing Python code. Start the
Microsoft Visual Studio application and click “continue without code”. Click on “File”
-2 “New” = “Project...”. Under “All languages” select “Python”. Then select the
“Python Application” row, and then select “Next”. Name the “Project name” as “Hello
World”. Select the “Browse” button to put the project in a directory of your own
choosing.

Configure your new project

Py‘thon App"cation Python Windows Linux macOS Console

Project name

Hello World

Location

FA\Courses\Archive\374.521\Python Source Codel,

Solution name (D

Place solution and project in the same directory

Browser button to select/
location of project

Then select “Create”.

In the Hello_World.py window, type: print("hello world")
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“Start” button runs the code

Click on the “Start” button (green arrow triangle), and a console window should appear
with the phrase “hello world”. You have now written your 1% Python application. If you
go to the folder where your Python code lies, you should see the following:

4items | 1item selected 22 bytes |

Type: Python File, § 2 bytes = computer

The *.py file is the source code, the *.sIn file is the Solution file (containing the project).
Double clicking on the Solution file opens the Python project.

Writing Python GUI with Tcl/Tk

The previous section showed how to write code for command line applications that rely
on a console for operation. In this section we will write code that uses the window
environment of Windows, Mac, and Linux operating systems. Thus, we will write a
windows-driven rather than a command-line driven program using the widgets available
in the Tcl/Tk package called tkinter. There is a good tutorial on the web located at:



https://learn.sparkfun.com/tutorials/python-qui-quide-introduction-to-tkinter/hello-world

Read Shawn Hymel’s tutorial called “Python GUI Guide: Introduction to Tkinter” on
the webpage above. The code below is based on his tutorial. Create a new Python
program called Hello.py, and copy and paste the code below and run it:

import tkinter as tk # import the tkinter module (or package)

root=tk.Tk() # create a root window (the main window of this program)
root.title("My first GUI program") # provide a title to this window

a = tk.Label(root, text="Hello World!") # create a Label widget (a text box)
a.pack(padx=200, pady=20) # make the text box 200 pixels wide and 20 pixels high

root.mainloop() # start the program and wait for commands

Project  Build Debug
e WD - Debug ~ AnyCPU

hello.py* & X

| import tkinter as tk

Upload to Blackboard your source code (*.py) of your Python programs Hello_World
and Hello. You will see an assignment on Blackboard called Python Tutorial #1.


https://learn.sparkfun.com/tutorials/python-gui-guide-introduction-to-tkinter/hello-world

